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PREFACE

The Department of Defense, like many other large organizations,
pursues a policy of continual introspective examination in order to
identify areas In which improvements can be made. Typically, these staff
analyses are meaningful and of interest only to selected managers within
the Department. On occasion, however, the topic is of such general in-
terest to other branches or agencies of government, or to the public at
large, that wider dissemination of the report on the analysis appears
warranted, This final report on Project HINDSIGHT is considered as
falling into the latter category; in fact, an earlier interim report on
HINDSIGHT received wide distribution.

The reader must appreciate that this report covers only a small
segment of a much larger area of interest in the dynamics of RED manage-
ment. The object of this preface is to emphasize that the Project HEND-
SIGHY stuéy had certain cle&rly recogaf:ed Itmitatians.

The approach taken in Project HINDSIGHT was essentially retrospec—
tive. Twenty recent weapon systems and major. mi?;tary ‘equipments were’
analyzed by teams of technical specialists to identify applications of
science and technology that were not utilized in predecessor military
systems designed to meet roughly the same requirements. The evolution
of the new technology represented in each system was traced back in.time
to critical points called "research or exploratory developmenr {RXD)
Events.' The RXD Event is the basic quantifyirng unit in the study, and
is defined as the occurrence of a novel ides and the subsequent scien-
tific and engineering activity in vhich the idea Is examined or tested.
There could be one or two RXD Events, or an extended chain of them,
culminating in a device or component found in a particular system.

The teams of specialists identified 710 unique RXD Events, conducted
the historical traces, and described and documented the related activi-
ties in terms of the differential amount of knowledge thal accounts in
part for the increased cost-effectiveness of the systems analyzed, com—
pared with thelr predecessors. These 710 RXD Events represent only a
portion of the events that might have been identified by a more exhaus-
tive anrlysis. To illustrate the gross limits of the study, Project
HINDSIGHY concentrated only on the post World War Ii contributions of
science and technology to the selected systems. Each study team was al-
lowed about three months to complete its research on each system.

In treating the sciences, HINDSIGHT distinguished {1} the basic
research done to solve a specific assigned problem from {2) the basic
research done to expand the frontiers of sclentific knowledge; these
were categorized as directed and undirected basic research, respectively.
1t was found that RXD Events from the directed basic research category
emerged in systems development approximately nine years following their
conception, while it took 20 or more years for some events from the

i
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und it e red category o dmpact on deveiopments thae s dke i oL B taedy
Jid not treat in oany depric the contribotion Pros vedivec ted o e

seai 1, s tode many of those events predated The Fime span ob the projeat,

fn shot o, the HINDSTGHY o tudy was G desiqmed to measure th Vot
term value of basic rescatch,  Thus, its conclusions whould ot be o
terpreted as presenting any-such evaluative judguent or suggesting a

plawsible bavis upon which a judgment.of that kind might bLe e .

Project HINDSIGHT has provided data showing that, hroadly wocaking,
the Dob's requirements are being lultilled by the resalts ol Defenue-
supported research and development programs.  During the 1946-1963 HIND-
SIGHT time frame, in which 96 percent of the identified RXD Lvents
uccuired, the DoD spent about $10 billion in support of science and
technotogy.  Also during thiy period, industry and other Federal agen-
cies spent about $6 Lillion in the same arcas. 1t mighl Le expected,
then, that-aboul 40 percent of DoD-utilized science and technology would
come fFrom these-other sources. In lacl, Project HINDSIGHT found that
95 percent of DoD-utilized knowledge came from scientific and techniolog-
ical activities supported either directly or indirectly by the Department
of Defense. he DoD will therefore continue to ask for the necessary
resources to fund and manage broad research and developmeit prograns
Lhat are responsive to our short- and long-term needs for weapon systems.

Some results of Project HINDSIGHT suggested that the interaction of
scientific and technological knowledge is stimulated by, and is most
productive tor, weapon-system development in a problem-oriented environ-
ment. The dynamics and causal relationships between the researcher in
-the basic sciences and the applied scientist or the technologist are not,
of course, completely understood or defined. However, the HINDSIGHT data
indicare that 61 percent of the RXD Events identified had a specific
systems requirement as an objective and that over 85 percent of the tech-
nological events occurred after a problem applications group originally
defined the problem to be solved. This finding seems to support the
hypothesis that the rate of transfer and utilization of scientific and
technical knowledge may well be increased when a specific.goal or system
problem provides the impetus. :

The Department of Defense recognizes clearly that the HINDSIGHT
project has nct studied, in any comprehensive way, the influence of sci-
ence on the development of technology. There are findings here which
demonstrate that the basic research community clearly contributes to
systems development—for example, through the fundamental process of ed-
ucating those who become the inventors and users—but the study did wct
examine the role of basic science. The HINDSIGHT report and other sub-
sequent analyses of the interaction between science and technology have
not altered the strong philosophical commitment of the DoD Lo ancaggres-
sive, high-quality program of research in the basic scicnces. Such a
program is critically important to our futurc national security.
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T summary, Project HINDSIGHT made o significant wontribution teward
a4 betier understanding of the forces dnt‘f!t‘ii\*ili'uiti!!ﬁili thal foster the flow
of techoology into weapon-system development . 1t does not sepresent a0
totel or Final answery rather, it iy one clement io the sationasl offort

to enhance the management of rescarch and development respurcos,
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‘ cactually dependent upon the results of recent advances in scienice or

IXCCUTIVE SUMMARY

Project HINDS IGHT was established by the Bircctor of Defense Res
search and Engineering in his memorandum of 6 July 1965 to the Assistant
Secretaries (Rcscalch and vaclnpment) of “the. Mnlltuny Departmenty,

(See- Appendlx N : : ‘ .

The dellned objecllves of Pro;cct HFNDSIGHT were!

(a) To - ldentlfy lhose management factors that ‘are important
in assuring that research and technology programs will be productlve and
that ploqran reeults wnll be utlllzed, and

“(b) . To measure the: overall increase -in cost-effectiveness in
the’ current generatlon ‘of weapon systems compared to that of their
predecessors awhen such' can be ldentnfled) ‘that is assignable to-any -
part of’ the DoD s Jnvestment in research |n science. and teclnology

The strategy adopted to achleve these obJectlves |nvo|ved
(l) Determining the extent to whlch new weapon systems are
technology for their attained increase in system effectiveness, decrease

in cost, ‘or Increase in. cost-effectiveness as compared-to a predeCessor
system S T : Cod o -

——

(2) Determ:nnng the proportlon of dny new technology, requnred
for attalnung system-characteristics, - that was . the result of DoD flnanced
research” in sc:ence or technology ; S e e .

(3) Determunlng sngnlflcant management and other environmental
factors, as.seer by thie research scientist. or. engineer, that appear to be
commensurate w:th hlgh utullzatvon of research results.

(h) If the flndlngs of the flrst strategy lndlcate a 5|gn|f|-
cant re||ance on new science or technology, devising a value-cost- index
{or set of'indices) which offers a. quantitative measure of the return on
investment In research; in terms of the enhanced cost-effectiveness of
the weapon systems made poss:ble by the purchased know!edge.

The study efforts were organlzed to offer. in a c0mparet|vely br;ef
pertod of time, the class of -irnformation.that.could be-of primary use to
senior managemen.. levels of: the DoD and the military.services.. These
objectives have been achieved. :This report describes .the f:ndxngs and,
where appropr:ate, suggests their implications. - More detailed- |nforma-
tion wh:ch-—although It might have some pollcy implications=is of

xiti




Cond {miu;s;!m;;ual umrnumt TN m 11 be dv\;tluped later

amd managemer & scienlists from Northwesterp University and the S{Qa;r

scientists.

’xethsdalegg

{lft‘..!ltf interest tu the fower management ec helons within the ‘n'..ié;l{if

The study personned cum:t.tmf tﬂ the foll owing:
s\d' hue teaps of tai}‘%mry mu! civiii&n in~house {I}c;i)} pur‘smms-i; -
: Csasaiiivv~and partsaspat;hg LUﬁ{?&Cl &uppnrt by bahav;urdi

Schoot, Massachusetts 1nstitute of Tr mningy,
’ Lu:}t!&tt 5:.;1};}&)1‘{ by L{.i}ﬂ{mm{: fes ‘*.-t.wﬁtssts fr:;ss; t?u: hss{ttaie
for Defense Analyses {I1DA) aad the Rand Cﬁrparatann ané ,

Yeiﬁﬂi ry particspattag 5uppcrt from five iﬁé&str;di-managamgnt .

~ The in-house teams were concerned wilh establishing the amount of °
new science or tnchnciogy embodied in modern weapon systems, asceriaining
the F:nanc:a! support for this science or technology, and defining gross
management patterns. .The university and iﬂéaftria¥~managemest scientists :
are concerned with the more subtle aspects of research maragement, in-. . . v

‘cluding ;dea flow, information sources, training; individual effectiveness B P

and motivation. - IDA and RAND are attempttng to devise - creé;hte and use-
ful value-cost :ndsces far researcb

‘Each in- ho&se team fasuseé on a single weapen system The subsys- —
tems, components, materials and enabling system concepts were examined i ’
in detail for evidence of the application of knowledge resulting from
recent research in science or technology. Subsequent to the recognition
of this -evidence, ‘each -team undertook an Investigation to ascertain the
source of the new knowledge and the circumstances under which the knowl-
edge was generated and gassed to the avaataai user.

The basic e}emeat fer quantrffcatinn wtthsn«?rcject E%NQS&GHT is
the Research or Exploratory: Development {RXD; Event. The RXD Event. de-~
fines a scientific or engineering activity during a relatively brief
period of time that includes the conception of an idea and the initial
demonstration of its feasibility. There may be .one or two RXD Events,
or an extended chain of them, culminating in a.device or component found
in the studied weapon system. The final fabrication of this component
or device may or may not involve an Event, ‘depending upon the state of
the techns?ag;cal art at the time sf fabrscatioa,

Many observatiens deriveé from the aaa%ysns of Pre}ect HINDSIGHT
data confirm widely held assumptions of successful research managers,
and in these cases the primary contribution of the Project is to muke
available quantifiable support for what previously had been informed
opinion, There were,; however, some significant findings wherein the




-

Cdata LunllddlLl sorhe qvnuually held bvllufs “The luIIUW|ng puldqrdph‘

contdin a summary of the findings, based upon aialysis ol the current ly
avai lable ddld; and  some inturprc dllUH of those findings.

Il is emphdslzod that this."stady |denl|f|(d unly those incrementai

"~ conliibutisng to existing bodies of -scientific. and, tuchnological knowl-:
_edge that were utilized in the dnalyzgd military equipments. The strong

dependcnce of these ‘contribution “upon the total base of science and
technology. mast be recognized.. The reader is cautioned .that -any conclu-

sTons regarding - the value of the total. kn0wlcuge base. cannot be valndly

dlamn from the fnndnngs presented here

. HINDSIGHT Fmdmgs

(i) the fuuntijitalfun of spectfic wwents in seicnec or tecknology

pesearch, the resulis of which weve ubilised in, and were critical to,
oW wmapun 'U\ttmb, wu- JounJ to bu jazréq zmplo. :

For most of - the systems studled on'ﬁhe order of IOO to ISO post-
1945 contr|but|ons from the scaentlflc and technologlcal conmunities
were uncovered.': Practical limitations in. time and resources, however,

- permi tred only'a smal ler number - to be examined in detail. In no case

"did the study team feel that .jt had exhausted the possibilities for. iden-
“tifying ‘additional contributions. Studies of the -individual “SYS tems

were terminated when the study team and the Project Director were quite’

certain that a representative sample of the contributing Events had been

“investigated or-a-3-month study period:had elapsed, whichever came la-

ter. Estimates of sample size, made at the completion of the system
study, varied from 20 percent for the C-14] cargo aircraft to 75 percent

" for the LANCE mlssnle system and aver 95 percent far the Mark 56.and 57

: Naval ‘mines.

) The number of- Events that vere easzly zdenttfzed varzed pro-
portionately with the relative’ inerease in efTectzvencss between the

) studzed system and its predecessor.

For example “the scudles quantntatlvely demons*rate that more new

"technology was "eqUIred to progress from the HONEST JOHN rocket ‘to, the

LANCE muss:le system than from MINUTEMAN I to MlNUTEMAN Il

(J) No category of perfbrmzng agency was fbund to be szgnef%cantly
more efTiCLent in the produetzon of utzlzzed researeh resulte than other
categorzes. . : : :

The distributlon of |dentifled RXD Events that came from universi-
ties, industry, or the in-house laboratories of the Military Departments
agrees, 'to within a very few percentage points, with the allocation of
applled research funds to these categorles
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Mshnagh the pm%:td ble work: i;‘vqacnﬂy was Llassifiable ws .spplét.d
in that the scientist was aliempling to resolve o very specifie
problem, it does not appuar. that speeific application per sv i g sulfi-
cient criterion for predicting usage.  Perhaps the most jmportant factors
in establishing o high probability of u€|¥sx¢£;uﬁ are the degree of
am‘creﬁem {a} on ‘the part ui the scientist concerning whe in the cogi-
aeering community nccds the kanw]tdge and {b] un the part ot thé inler-
ested engineers as to which specific scientist is working on the problem,
Accordingly, reséarch managers must be sensitive to the need for commu-

nication between the scientific and engineering communitlics

Four sevs of scientific Events that assume great .imporiance because
of the number of systems that rely upon them are readily distinguishable.
They include work that led to information and filter theory, inerlisi
guidance components, rocket engines and propellants, and transistor tech-
nology with its assoclated miniature passive electrenzc,elgments. In
each ‘case the preponderance of the ‘research effort was independent of any
specific weapon-system development, but ‘was found to have been guided by

- individuals who were acutely aware of the detailed problems confronting

design ‘engineers and of the- limits imposed on ach;evab}e system perform-

- ance by av&:iab}e pertfnent technsiogy.

(5} 4 szgn ificant uumbe? of @mportané ci‘niijie ecﬂtriﬁxtioﬁé came
fr@m sources ot&gr than eaﬁt€mpararzly Pevognazed experia.

§nvest;gataas of a sampiang of these Eveats dssaioseé a fairly com-

mon pattern. The performers of the utilized scientific effort and their

- peers were mutually aware of the exploration each was undertaking, but

~there was markéd disagreement regarding the merit of the approach that
eventually found use.. .in'each case the successful performer broke from
the peer group, moved away, and found new funding. More than. anything
else, these examples point out the necesgsty for ensuring competition
within bureaacracy and the necessity for maintfaining a multiplicity of
funding sources fsr ewary scaentlflc discspliee aaé area of terhnolagy‘

When high- payaff from sceent?f:c research at unnvers:t:es was zdgn-
tified, the scientific ‘research was coupled ciasely to research in tech-
nology and somelimited development. . Typical examples.are the inertial
guidance theory and component work at the Instrumentation Laboratory,
MIT, and the propellant research at the Jet Pregﬁis:en Labarator}. ’
Eal;forﬁia ¥aststate of Teehnulagy

o

wathsn this feport, undirected’ bastc research in science. as de-
fined in Table 11! (page 1), refers to tasks not clearly identifioble
ay part 0? a larger program that was coordinated by a mission-orienied
agency. In general, they are those individual, comparatively small ci-
forty undertaken by one or two investigators En the universities, in
aeme not-far-profit corporations and, to a much smaller oxtent, ipn other
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re 1.

induxlly They are characterized by the fact that they were ot ivated
at the tescarcher's Jevel by scientiiic curiosity and wcholar by inguiry,
and were supported by the Dob upon recaynition ot the I&'PVuHLl and iy~
niti cance k)[ the |;(".:;t||‘(ll|¢-|i Yo propasal. ‘

An lmpurlanl pdyull from nLIHllIlIL rvnuuth QU universities hay
been Uhrough the Hehuulzd b(nunlvst& “and ongincers who Tater perfurmed
the applied research, - Cf the 1, , 795 |nd|v1duals identilTied as Taving -
LOH[IIbUlOd 1o an RXD Event, detdiled lnformallun i cuancn(ly available

on 511, of whom 92 pcrccnt hold academic degrees in sciunce of engincers
ing.. The observation that the pFJL(IlIHq vnqun»er tends (0 depend Iarge-

ly upon unified theory\(¢.g:, Kepler's, Newton' s and Boyles' laws and
Maxwell's equatnons) suggests that a major payolf of undirected basic’
rvsedrch is through knowlcdgc deUIled dU||ng undergrddualv uducalaon

During FY 1965, based on o erCLntagc breakout of research and
development funds, approximately 26 percent of the nation's scientific
and engineering talent was employed directly or indirectly by the
Depasr tment_of Defense. " This figure has remained falrly constant. over
the past .several years: . As a major user of these resources, the DoD
should have a.selfish interest in, _ensuring the continuved supply of tal-
ent by guldlng potentlal ability into scientific dlSClpllnPs or techni-

caliareas of marked mllltary relevance.' The selective use “of rgsearch
granL> and contracts is one way of. affordlng such gU|dancc.

Complementlng thls knowledge accrued through formal. educatlon is.
the Lnglneer s later recourse to COdlfled or tabulated information, such

-as _engineering Handbooks and technical references.- The ‘second payoff, of
basic scientific research .is identified as the organization.of research

resuits into a format readily available for gereral use. “In this way,
hew concepts of everythlng from materials characteristics to design
techniques have been widely disseminated. Management criteria intended
to enhance .the usefulness of research results should.include recognition
of the importance of unifying or-coedifying information and the require-
ment that the objectives of supported research be $o oriented. Periodic
surveys should be made, and .research advances.in particular subject areas
should be. consolndated and publushed in a format de5|gned for use by
engnneers. v

.v) Yﬁe greateet palojf in terms of ideas Zead nn to enfignoc.
weapon syelems has . resulted from rescarch in technologu——ahd whot, Wik
the wossaren seientist. or’cngzneur wae thJnatC7J aware :of prabu(me o,
inz J;pl cztuonb engmnevr. : ,

Thc transfer of: science to technology and technology to applncatio"

‘has been found to rely hcavily on personal contact between individuais

(see Table VI, page 47). The.communication-link is of critical impor-
tance, both for advising the scientific community about real problem
areas and for disseminating scientific or technologlcal knowledge to the

‘eventual user; the applications engineer.
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The tead differeme in prE ima:mm ¢ betueen a wu;;mz: Syl ,_ﬁ;gf N
Cpredec ensur is u‘dml f\g et the Ly {!it nee ol one, tue ur thiee stient i
advances o technoiogical capabilities but iy the symrginiic vifect ol
100, 200 or 300 mf\umu*‘; cach of which alone is pelatively tanigni Fieant .
These bundreds of diverse advances st then be Titted and adjusted to
a unified operational weapen sy»h‘m The - lenn teristics of cath advante
must be uan*hs!!y Haterfaced with thuse of othier advaice..  Ihin is
substant iated by Project *HNI}SISH? data, which t}t'nt‘id“y b tleal myn-
tems applivations, rather than m'w sC wnu*‘ inspire adience and techinet-
apy for advancvd4systems. o S e

R B RS =) k E‘tff‘ it céa‘c’e‘is"f s‘f ?s‘e f-’ ft t sh‘[:*f' fld.‘- [ R tgf' b _{?‘:f'.*' B

Ce gt atT %3 * ;
apeviiiaion o detad fhed ,,ﬁgfm'*'z! m‘a.,

‘ ﬁaaivSts of the time r;latasnship af an RXD Eant’s occurrence o
ity otilization in the studied system reveals two characteristic patterns.
“Where the weapon-system developinent pragressﬁd d:recily from a tanunn!ag-
ical base {exptn;a?ary development) to enginecring dcveispmtnt there is
a marked peaking of Events about the time develdpment is anetaated, wi th
about 41 percent for-LANCE and 60 percent for MINUTEMAN 17 ‘occurring
after deL}meeRt had started. This situation appears to be incompa atibic

with current precarsment policies that. stress fixed-price éeve%apment
contracts {with or without Incentive fee). “Where the weapon system pro-
gressed from a technoiagrca% base trrough an advanced-development phase
and then into engineering deveiepment a wuch more uniform distribulion,
" devoid of szgnlfacaﬂt peaks, .is noted; examp}as are the Mark 56 and 57
Kavai mines. - :

Preject HINDSI GHT did not. |nvest;gate system—&anagement aspects of
the ‘'weapon systems studied. 1t is understood, however, that in at ieasi
three cases—the BULLPUP air-to-surface missile, the C~141 cargo aireraft
and the LANCE missile system—development was undertaken after assurange
was glven that the requisite scientific and technological knowledge was
in hand. The Event-distribution charts adeguately demonstirate that these
assurances were not valid. A major reason for the lack of validity be-
comes apparént in a study of the detalled Event descript ons. - At the
time an advanced weapon system Is prepas&d the design eagincer forms
his judgments on the basis of experience or. the extrapolation of that
experience—the more advanced the proposed system, the greater the de-
9esdanne upon extrapolation. A requirement for research in technoiogy
ar:ses when the extrapalateon praves to have been aweriy optam;st;c.

in view of the poteat:ai economic advaatages of f;xed precc System‘
development contracts, the matter becomes one of determining how, in
the light of Project HINDSIGHT findings, it is possible to ensure that
such 3 contractual situation can be meaningfully established without




restricting technological growth, ko possibilitioo (findings 9 and
10),- ¢itheror-both, aiv sugges ted as a sibution to thee probed e

CThe Mark 56 amd 57 Naval mines o developed inan eovironment - that
curreitly woald be considered .idv.mud de Vulé)[n"( nt {RED cateqory: f:.'j) '
demonstrate what can be o donc. o The appuwnt Tate at whith technoluyy
was introduced shows - the L)ltltl ly progress that is possible lhu)uqhoul
deveTopment in the absenee of a production comitment o1 v overty
amlri cious: delivery schedute.. The dinvestigation disclosed thayﬁkhwiuq

“the early -development years, the work was accomplished at an essentially

constant level of etfort.  Fixed sums of nioncy: were made- avunluhlc fo:
investigat fons into problem areas that were disclosed as the system's.
dcsign'luuk shape.. Production did not start until a protlotype demon-
stifating that -the plnblema had been reduced was essentially complete.
These examples suggest” Lhat: the. greater use of prololype-system devels
opnient-.in the advanced- dLVQlOmeHl category, to provide focus and spur’
o research in science and téchnology, can be a successful prelude to

fixed= price production contracting and sllll ensure a chn'fncant ine-
Terease in Optlatlondl performancc.- .

.IU) Visibitity of )Vs(dv'h .JpeMJLLuruc can bw r«Lavn.( e menne
RN Y !zurmmunt._ : : : ) :

Alternatlvely, flxed -price development contracting mlght be made
feasible by assigning to the Government project managcr a dégree of”

- control over a portion of. the Mllltary Department's Lechnology money’’

{ReD categories 6.1, 6.2 and 6.3) -in addition to the "engineering=devel~
oprient (6.4) money commltted to the contractor. " This would allow the -
projizct manager to influence the development of the necessary technology
for his system, ensure .that the technology:mohey was in fact directed
into areas of established military importance and by keeping the fund
in the 6.1, 6.2 or 6.3 categories give visibility to expenditures. It
is clear that the use of this technology money must remain. responsive
to the control of the Goverament project. manager to be parceled: out as.
needed... Obviously, great care must:be taken to ensure that these funds
don't become a '"bail-out" resource to cover nontechnical management
deficiencies. Examples of the successful application of this approach
were found in the deve]opment of the Mark h6 torpedo and the AN/SPS 48
radar. '

(Il) The Lol has required a nonszderuble(amouni oj new 1|Unﬂﬂcﬂ"

- wndhuag /hal Lo fund most of it.

The relative ‘ease with which RXD Events contllbutlng to- the capa-
bilities of ncw weapon systems were -identified, the number and diversity
of those Events, and the recognition that the same level of .the utilized

science or technology almost never existed at the time of engineering




development of an operationatly simibay predecessor Systom combine 16
demonstrate dirfevacably that o considerable amount of iinlg e ivthnnt-
Ogy was quuttvd Fur an &dv&ﬂLcd wc&pun sys tew.

s estimated ihc ﬁ;}t{ésy QtpﬁEiﬂWRi% spvni about ;lﬁ Billion
during 1944~ 1963 wher most of the identificd Tvents aceurred Doee Appen
dix F}. For the same years, another estimate pidte‘-vxpenﬁiiu;c; fur:
Cresearch ia science and technology by industry and other nen<efense
sectors of the economy at _approXimately $7 billion.  The finding that
" the acquisition of 85 percent of the ut;¥:;eé new scientific and techno-
logicat information was financed by the Hziiiary Depariments becomes
sigﬁifl&dﬁt in view of ihc reiatz?; s Gf the Lwo “amounts prendcé.

we may cnncisde f{sm these two absesvattcns lba{ a g?eﬁ% dce} af
new knowledge was required for. an advanced weapon system and the De-
partment of Defense could not rely on other sectors of theé economy to
generate it.. This conclusion is. strengtheaed by the finding that, of
the remaining 17 percent not directly funded hy the oD, 9 percent was
paid for by defenseroriented industries and was {huﬁ ind;ract!y funded
by income from prev:uuf ﬂefense contracts.

(120 Pwans t?'év teeknotag?ual znjeﬁw&tzaﬁ i5 ab u re;QGNQEZu izg&
level m*fﬁzﬂ tk; Jefenae-era*ﬁtbd cwuﬂaﬁzt;. '

Appraxsma:eiy 38& separate ergaeszat:ans or cerparations have been
identified as having contribuied to the fund of new knowledge. About 20
of them had significant responsibjlity as prime contractors in the devel-
- opment of one or two of the studied systems. Despite the great number of

participants, over 80 percent of the RXD Events {but an estimated 20 per-
cent within the set of systems studied) are known to have found applica- -
tion .in more than one weapon system. At the very least, therefore, it
.can be claimed there are strong indications that information transfer
within the defense’engiéeefiagucammanity is at a &sefa¥}y high'¥éVe¥.

The ?ro}ect Hi NQS%SBT staéy éid nat attempt exp?sc;t¥y to tden:ify
alternative technologies used in the. several systems where one of the .
alternatives theoretically might have satisfied. all users. The number
of cases involving such a sitaatten was 50 smal? as to 39533? stattst%
c&iiy saszgasficant. : . .

(18) The gerftqmaxse qf thﬁ 9n-§cuse Dol 3?53?&f3?&?“ éﬁpearékio
te c&ﬂ&t&éaﬁt with the rumerical strength of their professional personnel.

After the sources of the utilized new science and technology were
identified, it was possible to examine time-dependent trends in terms of
the relative productivity of the various sources. As far as new sclence
is concerned, the available data are not slatistically significant. A
marked trend, however, is cbservable with respect to technological activ-
ity. Early in -the 1945-1958 period, about 51 percent of the new technol-
ogy was coming from the in-house laboratories of the Military Depart- .
ments, with 42 pergent from indusirvy and 7 percent from the universities.

XX




By 1959 the balance was reversued, so that 36 percent was coning frem the

Detense Laboratorivs, S8 percent’ from industey, and 6 percent from the
universities (p|lmdl||y university-operated: centerys “such oy the Research
Laboratory for Llectronics or the hnthuHhHlmnluMnuUny:H MiT),

During this whole’ llme7‘thu seientific und engineering: ,llenglh of
the non-BoD commmity essentially quadluplcd while the strength of ‘the
in-house ﬂvlcnsc laboratories less than doubled, " Thus, the change in -

relative output’ appears ta reflect only the relative increase in sirength,

Findings Prf‘ti.ne‘ntA to' Strategie's Used

In teums of ‘the Four stratcgucs employnd to attaln the prlmary ob-
Jectlves of Project HINDSIGHT the relevant’ flndlngs are summarnzed here.

Strategy l: Determlnc the extent to whlch new weapon
systems are actually dependent upon the results of -

Cpecent adbanecs in. science or technology for their
attained increase, in system effectiveness, decrease in
cost, or increase in cost-effectiveness as compared ‘to
a predecessor system. :

“Findings:. Markedly |mproved weapon systems result from skillfully
combining a- con5|derable number of SC|ent|f|c and technologlcal advances.

’ There is a hlgh p051t|ve correlatuon between ‘the relatlve
sophistscatuon of the predecessor and successor, systems—or the relative
increase in their effectlvene55—~and the amount of new science or new
technology utilized in the successor. S :

Strategy 2: Ddetermine the proportion of any new
technology, required for attaining system charac-.,
terlstICS, that was. the result of DoD-financed :
research in science or techrology. - ., ... . "

Finding More than 85 percent of the new science ‘or technology
utllnzed in weapon systems was the result of DoD-financed . programs.
_.Strategy 3: Determlne sngnlflcant management and’” )
_Other environmental factors, as seen by the research _

scientist or.engineer; that appear to be commensuratev :
fwlth high ut11|zatlon of research results. ' ’

Find1ngs~ “The utilization factor appears lnsenSILive to classncaIA

differences in organnzatlonal structure ar profit motlvatnon appearing
between U.S., industry, in- house Dob- laboratories, - and .university-associ-
ated science and technology centers. [t may, however, be sensitive to
differences between these types of organnzatlon and the cla55|c organi-
zatsonal structure of unlversntles. . .
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< e most welal role nf webence s ij* metally been that
of ;suwnhm; piw;uxstvsmFm;u.ti vxphnmi;uw, to the -m;mny

fiw t‘{?i}!l!t.‘t'i USeS “wnif n*d *.{,wnt ifie Hn Oy and {nﬁflf Y

L scientific information. .
o “The program of it":t';itaia i :z-Lhmdug}y ar t&nhd toward

I ’ ) apzufn, types of cyuipuent has been @ par i#(tilét wuLLensy ia? .sppumth

;‘ o genctdt;aq utilized Lnnw¥euge

' : o Achievement of a h:gh C&nbiﬂcd :nvantsvcﬂes,, or in-
- : Cgenuity, ami ua;hz&tl&m rate are. dependent upsn the time and space |
coexistence of four przmary factars-—ihe recogrition of necd, g source
of ideas in the form of an educated ‘talent pool, -capi tal reseuraaﬁ, and
. - an adequate ﬂm&namcat;an ;ath te patent:ak ysers.

St:‘a* ‘gy_fi If the fmﬁmgs af - the fersi stratsgy
Tndi te a 5!§Rtftc&nl reliance on new science or
" technology, devise a value-cost” “index {or set of o
" .indices} which offers a quantitative measure &f {he - - T
return on investment in rescarch, in tefms of the
" enhanced cost-effectivencss of the weapon systems
‘made possible by the purchased knowladge. [this
‘objective has not yet been satisfied. - Relevant
findings serve yremari!y to defme the problem

L

f fa.!rther 1

. ?%t’iémgs* A number cf factars ideﬁtsfied throuxzh t%re studies made

i thus far tend to refute the possibility that any simple or linear rela- -
A . tionship exists between cost.of research and value received. They in-

5 ciade the fa]im:mg : B 4

[ # R . . ; .

= - {3} There is a hagh prehab:lfty that any- giﬁen scipat:fsc or

S teshaaXagicai advance, if used in one system, will be used in many other

¥ systems. Thus, aﬁy cast-vs}ue index must either apport;en the research

- ' cost among all utilizing systsms or attribute a portion of ‘the total ¥
f&l&e aédeﬁ by eacb §t¥¥;za§g $ystem to the identif?ed RXQ E$e§t.

{p) §mpm¥ed weapon systemb or end item eqmpments tend to be
a synergistic rather than cumulative ‘consequence of the several embodied
sciéntific and technological advences.' Thus the task of appart;caigg
value added besames cgmg?ex.~i~f : ' o .

{c} The {e ative amoﬁat af new sc:entifsc or tethnalag;ca¥
knowledge required to achieve greater effeciiveness, léwer cost or im- .
proved cost-effectiveness of a new system, as compared to thal of a :
predecessor system, increases with the latter's technical complexity.

"
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Thus, any crude approximation in medsuring valoe adided as o consaquence.
al rescarch expenditures will tend to be delasory in that tetan on
dnvesiment will alw‘)y. appeai greater when an improvement i M.uh in g
snmplv Syston, ’

As"a tinal note, two maiters must be etiphasized.

- First, the scope of this study and its resultant Cindings are con-
cerned’only with the acquisitioi of khowledge cSsential to the téchio-
logical development of a weapon system. . Questions concerning the use or
value-of the resullys of research in the behavioral, dife environmental
or social “sciences were not adidressed. ’ e

Second, none of “the Tindings described “above’ should be intérpreted
as a disavowal of the value of very fundamental research in science. It
is-hardly ‘Tikely that the transistor could have been invented. by pcoplL
who sought "a smaller, more rugged electronic signal amplifier but were’
-unversed Jin-wave mechanics or the theory-of electrons in solids; that a-
scarch for new power sources would have led ‘to thé nucleus of ‘the atom
in the absence of the work of Curie, Fermi and others; or that radio or
telephone communications could have been invented without the rc5earch
efworts of Hertz, Maxwell, Marconi and their fellows. ' :

‘The. f|ndlnqs sugqut only that" defenbe research ‘s most llkely to
culminate ‘in utilizaticn when deliberate attempts are made to relate the
researcﬁ results to the problems ‘of the m|1|tary serV|ces.' : o
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EXEY
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1L INTRODUCTION

Praject Hi&ﬂs GHT s a htatuistd¥ SU vy uf the process, by which
wmoder n weapon systems and current operations! procedures acyuire their
scientil i Jﬁd technological bases. . The studies are focused om

{1}, the pésp§{ who can be identified aﬁ‘hd§in§ piayid‘sigwéf-
icant roeles in the acquisition of this knowledge, the mandgtmaﬁt environ-
ments in which they w&rkcd, aad ‘the behav oral’ pétiegas thay Lxhtbet.

(2} anaiysls of t&n utilized teshnaiegy, ttmu dastr:batsens
between a discavcry or invention and its. appi:aat;an unigueness in
terms of areas of prattlca} app!lcatfan, sourges snterart!0§ between
'the reaagﬁitiea of requ%remea{s aad the Qeaeraticn of new knawledgc and

: {3} ecanamat:s¢,lnvestigat;oﬁs af researah in sceeﬂce aﬂd
tachsafogy. estimates of the value-cost ratio of this research, and de-
vilopment of new analytical tools to prev:de managemen{ measares of the
effect;venes; of research. ~ S :

. The tsme frame of ;r;mary znterest :ﬂ the study |5 the perzad fram . 4 i —
'19#5 to the present. R , , .

ThL history" ef mi¥ttary suppart of research dn science and techﬂsi-
ogy in the United States dates back almost to the time of the organiza-
tion of the msintasy services. Although the: resources available for
commi tment to these activities &nda&btediy fluctuated with natignal pros-
perity, congressional or executive moods and specific exigencies of the

ser@ices, a number of factors combined to minimize inherent difficulties
“in the managerent of whataves research progfams existed prior to 1940:

-

) Frrst, until the latter part of the 19305, the lack of mili-
tary interest in recagnszeé scientific opportunities limited the number
ené scepe of petent;a¥ eavest;gatioas. ’ . ' ’

Second, the researeh gctentiai of the nation resaded primarily
in its uaiversities, and communication channels between the academic
and military communities were practically nonexsstent

Third, the tstal fuads.ava§}abie, either in terms relative to
current annual expenditures for research or is terms relative to contem-
porary defense budgets, were so small that their management constituted
no problem. - )
-Fourth, the contemporary practice of supporting research out - - . -
of thn devclopment program for which the knowledge was desired afforded
a level of coupling, or vrsab:¥ity, that minimized any reqaeremens fos
separats justification. .




'Dupartment of Defense.»

Stas ting .about 1900, several Tactorscambined 1o cause Gatenyive

changes ia ‘the detense rescearch enviromment., Fundaiental ditover fes,

in lhc'xxncnuvs parliculasly in guantum physics, eledonicy and chems
istiry, had Signiticantly increased uppor Lt e far delence oriented

cresearch. The high h-vvl ol support given o research during Wor Ld Wan

ool oely resulled in the prullluutmn of sCientists withiin and out
Side the amiversities, bul /in"addition «reated (.(JHIIIIIHIIL-II ion « !mnm [
between the suvientists ad the mili lmy ’

The potential application of new kiowledge acrons o mubtipliclty of
advanced weapon systems and the increasing costs of rescarch caombined to.

Sintroduce g concept of research supported separately from sULclfIL weap-
ons or weapon systems.  An-unstable post World War ™1 pulllltdl cnviron-’

ment encouraged an llcrdtlvv p:U(eas ol quullan and using niew anW'Ldg
lcadlng to ddvnnccd WCAPOn syalumb, which in turn vslahlushud requircuients
for more knowledge (o enable wore advanced defensive 61 counterof lensive

" weapons.  Thiy provided ‘the Justlllcatson for a slcddlly fn(fUﬂSlhg |LV(‘

of expenditure. Iur rescarch._
, Between I9h5 and 1963 ‘an estlmated $10. billion was spenl by thL‘
Mititary Dvpa:tments for research in science and techno]ogy In‘TY 1966

- wlone, §1. 4 b|l||on was programed for this endeavor, ' In both relative
and’, abSOIULL ‘terms, the. rate of expendlture had grown to the point at”

which searching questnons ‘by ”Managcment” were inevitable and essenlial.

'PruJ;LL HlNDSthT was. establlshed in order: to determlne analytlcally-

- thc |mportance of reSearch ln science and technology to the
@ th¢ uniquenéssvof;Defense‘rgquirements'for research, if any;

- managemcnt factors that sngn ficantly influence the produc-
tlvit" of research, and . o

o answers (to many of the other questlons that have been raised

-,by conscuentvous admxnistrators.

Spec:f:c questions have been as varied as the background and inter-

ests, of the individuals posing them. However, most of the questions—or, :

more precnsely, challenges to the. contnnued support of research-—may be
fitted into one or more ¢lasses. ~ Some of the primary ‘orientations are
'suggested below Each is’ presented in the form of a hypotheS|s ‘to afford

. guidance in terms of pertlnence of |nformatlon.

o The Departnent of Defense 5 requ:rements for . vnformatlon in
science and technology can be satisfied to such an extént by research

supported by the Natiomal Aeronautics and ‘Space Admiinistration and the

National Science Foundation that significant reductlons can be made in
‘the appl:cable portlons of the De‘enqe budget. : -

s, s, ot reme—— & <5 .




: ’ The n;sn-nsiy high- }v\ui m;s;msi o im,u wirth 1% prostue szae;
soientitic amd techniodt t;iit'ii!h;tl{!!a at suih o rate that T cuntiot be
cifectively digested, ‘int;-;pu-}mi, x]i‘.t,g-’éitin;nied, ut putl tu practical use,

. & Dopas timent of Delvise uks:mqt fitent “ol yewearth in Lienoe and
- hm;iqu . in oorder tu be ol Iy vlivetive, mus, iml-.i* Lump.nlsl im' Lot L
elfedtivenoss ,.;m}iy\a - tor m;t_%; wp&mtvly iift'ni ifia }}; resvateh v ff{;: t.

e Siynift ivant portions of the i)gfwss;' !L‘SLzH{it §}§u§!’uiit iil:.if be
ﬂEvfétiﬂu gt oy Hvdl 3 pneni oi ma:g:nd! ;viﬁsna;* )

e The 'ﬂsp;m;i t!f 5L$t=niaf ic re*su;sz.h i i}ec u:n\u-rs:tis vy, by
o ihe Do par {nmni of Defense and at {.ilfi’t‘iit funti;aq Jevels, « gsnf:adnﬂy
- affects the availaba¥;{y uf Lhe b?bl facu}iy tatent Eo %cach stﬁdvnss

The ;ggu;;nment for Judamgnt crstvra& !mplccti in cach af thasa :
hypotheses, suggests that an analysis of thL historical use -of research-
Cgenerated knowledge cannot alone provide fully satisfactory pro6f or
refutation.  Project HINDSIGHT recognizes this situation and adopts some
,a&gmeaiiﬁg hypatheses, the test of which w;tl a{fer further evidence for
or against. ‘the previous set, and also will provide some guidance to man-
agemeinl where the findings are less than satisfactory. The suppfementa%
set concerns .itself with manageﬁwnt factors affecting the use of reséarch
results. The concept dmplicit In this approach is based on the ‘argument
that, if the management factors encouraging the use of rescarch can bé
identified, current management’ pract;ses can',be comparatively analyzed
and modified, where and if necessary. The general themes of the propo-
sitions testeé in the supp¥emental hypotheses include theffc¥iswin§i

Cr;ter;a-—The strategias used by ;Rd;vsduals and grenps in the
sefection of research tasks whose results were ute‘lzed

Coatral-—?he a&ture‘ef ‘the control enviranméﬁt'with}n which
successful groups work; the degree of freedom of choice and act;ua by
the various levels vis-a-vis their superiars and the larger- environment;
the éegree and nature of aat&ersty over ftscai ané technical matters at
‘the various 1evels. , .

are. develeped the role the skills play in accomp!ish:ng utilized re-
search; factors ;af%aenc*ng the cest and time of moving into a new field:
the use and effectiveness of- retra§n:ﬁg aad cant;nued graduate stué;es.

£
L Skl?is-The way n wh:ch new scsent?f;a and technsca! sk:%]s ’ 3

. lnterfsce—-ﬂe¥at;ans between the successfai%y perfermnng re-

seafch group and organ;zetians invalved in other phases of the RDT&E _
(research, development, test and evaiuatron} cycle; the significance of

communications lag and d;start;cn* &he‘va¥ue of 1=a|sea Endeed&a%S.-

luea flow—Conditions in the smaed;ate {g?oup} and larger
{srgsn;zat;eei environments that influence the kind, number, sotirce,
communication and disposition of ideas for new |n@estt§ati0ns.




Use of |nlulnmtlnn— lhv. Kindy ol nearche ‘.n..m,y' used by wuce

cesstul |nd|V|duuls and’ q:uup. in obtaining technical ln'nlmullun, 1 he
FofTuerce of Line and Tinancial and tommunication constraintys on’ search
strdtegy: the influence of seirch strategy’ onthe productivity ol the

P
. nuhvnluah and qluup\

The study mvthodulugy vmplnyvd in the various !usk‘ mullnq ‘p

’gé Project HINDSIGHT- is. de\rlbcd indetail in section 2, "Objectives; )
; Strategy and Mclhudology ~Caniceptually s the procedures are summari sed

\inthe Fol|uw:ng pdlaqraphs

Task I RXI) [vents

Re5eaxch in science and technoloqy is a conl|HU|ng acllv1ly of thv
Department of Defense. If ‘this activity is of value, it would be logi -
cal to expect that a generation of .weapon systems would evidence. the

"gonsequences of this research—that Tt would be based not-only on the
sciefitific and technical foundstion of preceding generations, bul -on new

, : - knowlédge ‘as well. "This assumption ‘provides the basis for’ Lhe hlstorlca|

al ' o qtudles comprtsnng Tas« I of PrOJect HlNDSIGHT

The Task 1 studles constltute the ‘sole basis of this report;) For
. ) . this first task, 20 modern weapon systoms or mllstary end=-jtem equ1p-
=0 : " ments havé been examined by teams of experlenued scientists ‘and engi-
' ‘neers for’ evndence of science or technology that was not available or
3 was not utilized in predecessor systeéms.. Havtng ‘Fecognized the -applica-
- : tion of this new knowledge, the team undértook a deliberate historical
trace of the component, technique or idéa. The objective of the trace
was to identify the people, the place and the time associated with the
generation of the knowledge and with the contribution of significant
additions by which the technélogy reached the IeVel manxfested in the
“studied weapon system o R PR S . ' |

) The primary reasgh for initiating the studies through “the investi-
~gation of specific weapon systems is to- forestall any- doubt concernlng

the value of the scientific or technologlcal contribution. . The focus is
. on utnl»zed results of investment .in research.. PFOJCCt4H'NDSlGHT,IS not
2 . concerned with management - of. weapon-system development except when les-
R : - sons may be drawn from the role of project managers in fo=tering new

sclentiflc or: tecnnologucal knowledge.”¢~. - .

The nature’ and depth of |nformat|on sought by the Task I study

-teams are demonstrated in Appendix .C, the form used fqr,RXD Event de-
scriptions. At the completion of Task 1, 710 RXD Evehts had been iden~
tified, historical traces had been made, the related activities had been
described in terms of the differential amount of knowledge that accounts
in part for the increased cost:effectiveness of current wcapon. systems
.over that of their predecessors.. 1t is estimated that this number rep-
resents between one-third and one-half of ‘the RXD Events that might

have been identified by a more exhaustive analysis.
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lask 11: Behavioral Studies

fash 11 stwdies are Tocused on the pehavioral Lhu;ua%n{iutias ol
individuals whe contributed the utibized koowledge! | Management analyste
are performing detailed studies of o sompling of srganizotiony and indi-
viduals identified in Tash 1. Arcas of investigation include—~bhut arc
not §imited to—idea transfer, skill development, motivetion, utilized
informat ion sources, and the role of the technical tiaisos man. . Ay cach
study is completed, the results will be reported, and the series of
iapi;*ur%enicd vssays will be comsolidated and published by the Office

~of fbe Director of Defense Ruescarch and Engincering, probably nut until

lare in 1967. 1t is anticipated that the behavioral studics will be
continucd. L

" Task 1I1: Eé&déﬁiéz?i‘c Studies®

?&sk 1 3ddresses the prohiem of defarsag and :mpiemeating a tech-

~R¥Qﬂh {nr techniques) for the quantitative analysis of the value of in-

véstment in scientific and technological research—its value, that is,

in terms of enhanced cost-effectiveness for the resultont weapon systems.
A limited effort to achieve a quantitative value differential—aqain, in
terms of predecessor weapon systems—has been ‘undertaken by each of the
Task | study teams. - To the extent permitted by sesﬁr;ty restrictions,
their findings are repcrted here. Although a more rigorous approach is
being sought by the Institute for Defense Analyses, a useful solution to
this very camplex nroblem’ ‘has not yet beeén found. Efforts are cont {nu~
ing, and sucaess will be reporteé if and when exper!eneeé

vﬁlé *
The rematﬁder ef thss report addresses the hypetheses stated on

pages 2 and 3 to the extent permitted by the data collected threagh the
studies and investigation conducted under Task |. -

Because a number of - research ;rccedares were invented for this

study ‘or wers adapted wWith-marked changes from procedures cemmenly used

in behavioral and other social sclence research efforts, attention is
given in section 2 to methodological details of Project HINDSIGHT. This

study, descriptive rather than nofmative in character, concentrates on a

very special class of activ%ties*—?eseérﬁh4effcrts'whese résults are
known unequivocally to have been utilized. By focusing on this special
class, Project HINDSIGHT accepts the risk of some potentially significant
errors of omlssion. The most apparent of these are discussed and their

‘3355§bie cansequeaces ewa}aated in section 8 "&ethqdaiogical Validity.”

*Na{e‘ Tasks ii asd iil were &isconttnued in favor sf other
related Dob stadies :




in genecal, this report presents ohu\Ile|uu' Ot conctusions dy g
from a tirst analysiy ol the collected dala, with an interpretation of
those observations i Lerm, U’vlhtll significance. to tiondagers, ol research
in scivnce and technotogy., I o very sval sense, this By o partiad -
port. Attenlion given te the tile, behavioral, satural ond mathenaticel
sciencey is.not adequate to wml.ml an_extension ()f Lhe |c<_umm-nd.n( 160
Lo include mandgement of those disciplines,  Until further wtudicy areds
completed, no conclusion can be reached on whether or not impiicdfhur
relating to managument ln the phyunual seivnees dlo'dpplludblv acro,
other disciplines.

HINDSIGHT is .o study of a dynamic sociological situation. 1t can-
nol be assumed . Lhat vbservations and findings pertaining to.any given -
time will remain valid.over extended periods. Thereford, the necesdity
for a continuing s study or a series of repeated studies is suggested..

For this reason and because of the dynamic bllUd[lOﬂ, this report must
be considered Lo be of an interim nature, ’ '
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oL g‘imz CTIVES, SIRATLGY AND Mi THODOLOGY
21 f}i;ét‘t.f_iy_t‘_‘: i ‘ o ' ’

Ihe primary vbjectives ol Project HINDSTGHT, o tablished by the
Director of Befense Resedreh dand’ hﬁg!nncitnq {BBR%{} ir Jaiy ‘S&; {51{
appVhttx AL Were s iaiiuws

() o zdvui;fy aid f;;mly dntablish mdnaqvmtnt )
Cfactors for :v&ﬂdrth and technology progras, which
have been Jsaua:aied with the utitization of results
produted. by ihese programs; {B) to measure the over-
all fncrease in cont-effectiveness in the current
gemeration of weapons systems compared to their -
- predecessors {(whensuch can be identilied) which s
asszgnébie t6 any part of the Lotat ﬁaﬁ rnve%{mant
in resvkrah ané teahneingy R

The DDREE's memorandum cencladed several pref;minary snvest:gat:wa
studies undertaken by the Deputy Director of Defense Rescarch and )

‘,;Engsﬁt;rrng {Research and Technology) and accomplished dutzﬂg the pre-

vious year, partly under contract with private industry! and partly
in-house’. The pilot studies had demonstrated that at least the first
objective was reasanahiy achievable and had pra@:ded insught with
ragard to more promestnq pracedures.

2.2 Stirategy and Methodology

The fourfold strategy adopled for satisfyiﬁé the objectives was
relatively simple In concept and may be summarized as follows:

(1) Determine the extent to which new weapon systems are ac-
tually dependent upon the results of recent advances in science or tech-
nology for their atiained increase in system effectiveness, decrcase in
cost, or increase in cost-effectiveness as compared to a predecessor
system. .

{2} Eeterm;na the prepartsun of any new technoiagy, requsreé
for attaining system characteristics, that was the result of aaB-
financed researci in science or technology.

laanagempﬁt Factors ﬁj?éeézag Research and ﬁmplsratcrg ﬁhﬁeﬁopmpz
Arthur D. Little, Inc. (Springfield, Virginia: Clearinghouse for Federal
Scientific and Technical information, ﬁD 618-321 April 1965).

’A Tvial Study of the Research and &xplsratory-ﬁevcispmrr ﬂpeg:ﬂs
of a Weapon System—BULLPUP (Washington, D.C.: Office of the B;rectar of
Eefense Research and Engineering, 15 December 1964).

W ——_———— 32 55 5 ———————




Table I. PROJLCT HINDSIGHT WAPON SYSTIMS

_l'_)g_s_ig_n_d"_t_il‘o_‘l‘\‘_b A’T_'ype'ﬂ of weapon, system

‘1HOUND_DOG’ v_:i-: S A1r-to Surface M]SSIIPV _
‘BULLPUP'f.i 1_. s q i' :'T“A1r to- Surdec M1ss1le “i
PDLARIS A1 fr‘-_.:: "RrSubmar1ne-Launched Ballistic M1ss11e -
: MINUTLMAN I *-f'A ;:i;: ﬁr.':lntercont1nenta1 Ball}st1c M155110’ 3
MINUTEMAN 11 rlntercont1nenta1 Ballistic Missile
' 1’SERGEANT ._ S O - 'Tactlcal-Ba111st1c-Mlss11e
'”LANCE '”'. " :-~_1" _ ' ‘“~Tact1ca1 Ba11xst1c M1ss1le '
Mark 45 MOd 0: o : L Ant1Submar1nP Torpedo _
'-”Mark 46 Mod:}‘{ ~‘ ,; .;¥nvA Ant1suhuar1ne Torpedo _.,.
LM-102 S . _ . ;. ]Oamn How1tzer :, o o
FADAC _ v F1e1d Art111ery Data Computer R
'fANISPS 48 'lﬂ_vv- - Surve111ance and Acqu1s1t1on Radar
| "Mark 56 V:IL:- P ‘Sea Mine L
. Mark 57 }'b | _:. ~ Sea M1ne‘
,_Star11ght Scope S v »‘leass1ve nght V1s1on Device :1
"c ]41A . | T Strateg1c Transport A1rcraft o
o Nav19atlon Sdte111te . '-.Low—Earth 0rb1t Sate111te .
M-61> S Nuclear Warhead General Purpose Bomb
- M-63* f o e lNucledr Warhead M1ss11e f A
‘ XM7409_>' e | ~ T 152mm HEAT-MP Cartrvdge Ammun1t1on for

SHILLELAGH Antitank System

'Nﬁte: *Ddta on these two systems are 1nsuff1c1ent to warrant their

inclusion in al] analyses.
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{3} Derermine signiticant management ﬁné»athv; envitotmental
Favtors, as seen by the research scientist o engincer, that apprar to
be tumnens&tdtv w:lh hrgh ntsiisdiluﬁ ot research resulty,

’&) H ihc ienﬁ:nqs u* the tzras atinivgy indicate a signili-
cant reliance on new scéience or tﬁnhaﬂiugy, devise a value-covt index
{or set of andtnvs} Nhlth offers a Quaﬁtfidtivc measure of the relurn on
investpent in fosearch, in tepm -the enhanced cost -effvni:enan;; of
the weapon 5ystnm; madv pu;ssa%c by the pu;cha;v& kaaw3c§§v

2. 2 b First Stiaieqy-S:gn:fttéﬁLL uf Recent Advance ;. The Tind-
ings based un the First- 5traiegy were o key to the entire study. o

“aliow making guantitative measures within the other strategles, it wos

necessary to establish the gnntrdi dependence of iew weapon systems upon
new science or ieahnaiugy and, eyven more important,. to identify the
specific contributions of research that were used. The pilot studics
had defined three of the critical factlors influencing the prﬂhaﬁilily of
bﬂcttbb iﬂ {hss t&sk ené had - slrongly suggestad a fourth.

The ; P cr:fa‘af 3ue£sp was - the ?&COQR;{;OR that the conirabﬁter*
of scientific or technological knowledge, particularly at the more basic
stages, arc lﬁfreQUEﬁtIY aware of many eventual applications of that.

“knowledge. - Thus, in order Lo ensure identification of. profitable re-

search, it was necéssary to begin the search with the evidence of appli-
cation to a specific weapon system and then trace backward in time the
succession of contributors-to the knowledge bank. To this end, 13 weap-
on systems were selected for analysis in addition to the seven providing
the bases for the pilot studies. The total 1ist of weapons and weapon

systems is shaws in Tabie i

The criteria for se?ectien ensured representst:ve sam§¥es Gf as
many of the main categories of Defense weapons as possible; wherever
practicable, systems having generally comparable predecessors were chosen..

“No attempt was made to select systems on the basis of suspected hsgh

atsiszat;cn of new Lecaae%ogy

The second erataeai f&c Eéentif;eé in the pe}ct stﬁdy was the
sensitivity of results to the total previous expericnce of the investi-
gator. In retrospect, the preb?em is easily understood. The investiga-
tor is asked to analyze a system in order to identify the results of
recent research, The most practical and efflcient basls for the J%dg'

ments he must make Is his own experience. A young scientist .or engincer,

no matter how brilliant, genera}§y tacks background. This: cr:tical fac-
tor and the fourth, suspected one were circumvented simultaneously. The
pllot studies had saggested that there was reason to believe a contract
study group would find iiLs efforts impeded by such matters as proprictan
interests within the laboratories of the research performers, the level
of its knaw!adge concerning the management of in-house and contract re-
search efforts of the Dob, and the relatively low degree of private
industry's responsiveness ‘to an associatc as compared to that shown o

Government agency. The adapted solulion to bath of thase prcb?cms was




Tecour e W seniot seivntitic and technical persomnel ot Dubr) Lotk

military and civitian, as investigator..

o or B ol the 13 additional systemad hou stady Feame, vaere desig-
nated by the Assistant Secretary (Rv.v.u«h and Deve luplmnl) ol the
Mititary Bepartment ‘that deve foped The weapon sy tem. The printipal
sotrce of téam - membo s wan the fn-house laboratorive,  Individuals were
selected and teams Balanced Lo enstre the presence of the nquucd tech-
nical experience. ” Fach team was lvnpuns|blv Tor the study of ome 5yu
lem, except. that vin'lw'n cases it owas Tound practical far lt..m tey s tudy
a pair af systems. On the average il took aboit thred wotitts to slady a
\uuﬂc wvnmnnsy‘hM| thv Lululf(LHv buing plnnutly o function of the
appnn«nl valld:(y nnd uuvlulncsx ul the uumplv ol nnlovmulinn Lullcltcd

ln lcspon~c lo lhv DDRLE 5. lvqucul the s andiu Culpur.txon unehe v ook
studies of two nuclegr wcnpon systems. Conceptually, thiy effort paral-

Feled the work of the DOb - |n house Leams, but the 26 RXU [vents identi-

ficd were not reported intas great detail as the pllmdry set of 684
Evonts dLbLIIbUd by the GOVOIHMLHL |nvcsluqq!u|s :

Two ' ay:tem studies were accomplsshed by lhb vcry LIUBL 1nvu|VmenL
of ‘the Deputy DOREE (Rescarch and Technology), the Director of Project
HINDSIGHT, and principal members of the scientific and technclogical "
teams that had developed the systems. . These weapan systems were rela~.
tively small -and .were somewhat unlque in that most of the research and
development on both of thém was done under the cognizance of one person.
As’ 3 direct consequence oF the mcetlngs belween the ProJecl HINDSIGHT
principals and. the performing. groups, . utilized scientific and technologi-
cal advances were identified. A prochsnonal technical editor followed
up the. meLt|n95 to CO]‘LL( duta|lcd |nformaL|on on thosc RXD Events.

The othet group sludylug two systems way made up of SClCntISlS and
engincers from the industrial organizations that participated as prime
contractors ‘in the development ‘of the weapon systems. - The anticipated
difficulties, as.described in the introduction to |hl$ report, were en-
countered.. ‘|t appears to. be rcasonably well cstablished that this type
of study must be made by DoD in-house. people, elthcr ad hoc teams or

_assigned personnel; each of these altelnatlvcs offers some obvious ad—

vantages.

The third and final erilical factor was the operational definition
of a discrete scijentific or technological advance., The definition had
to be used by a number of independently operating investigators with
some assurance that each, upon identifying the same advance, would de-.
velop a mutually correspondlng description., Because the advance identi-
fied would .eventually serve as the bavis for management studies, It was

" desirable that the activity described be of sufficiently short duration

that a single manager or fiscal policy would be |nvolved and Lhe research
performers would be’ readuly |dentlf|able :

10




Fer These omds Cthe KAD §venst e en bablished, R R YO T e the

sanvurrence of a onovel Bdea and the suboe quent pes fodonl adtivity during

which the fdea wes subjected 1o init fal examinat fon o1’ test. Hhe KAD
Lvent dillers from otheneise similar bumin endduivai s ml by in that the

T i -i"ag,snt;ra.n fon iy primarily o scientific o technslogicel explo-

sation, A more detailed t?a*f iritionof the BXD Lviart B given fu fppen-
din B which also detine Minter Face activity,” the prucess by vs}nfi
kiowledae generated inoan RXR §\?t‘§ti is tranuie =n-:i fmm the iy ‘i
innuvator %u the ‘.mmui—-.maf L0 {u it~ t:%aissdtirm

Each {eam bvg;a'e; Es -.im¥y by examining sysfom docusntation, e
tysing system aiesiqn and details of Huajor component s and subcumpont ntn,

Cand discussing technical satters with the weapon-system deve lopment ens

ginvers to obtain clues to the possible use ol new science or technology
Each clue then became a trace initiator; and, to the greatest erient

‘passible, the currentl user of the umnmnimhdin;mmiﬁyhp,xmnv
document or individual. Then ‘the source was interviewed for the some

information, and the process was repeated antel the historical trace i
the central concept terminated with the discovery of the originator(s).
Upon the location of the initially responsible pvrmxn the period of the

TRXD Event was defised, and the rnqazrvd ;nfﬂrmaisgg was col tecied and
: {itaph;yetf as ‘sHown in Append;x €.

To minimize the- repnrtang iaaé on the iﬁvest;gatars, ensure. an even
writing qaal:ty, and’ prev*de a check on the relative cﬂmp}etenvss of

detail in cach Event description, a single technical~editing service was

established, - The lechnical editor was also Fesponsible for cuﬁvErtsng
quantifiable informalion to & punched-card formal, which facilitated
dafa processing, and for collecting blographical résumés from the pueople
identifidd as participants in the RXP Events. In the latter effort, the

technical editor was supported ‘and assisted by menbers of the study teams.

-

- Al the conclusion of its investigation, each study team prepared a

- summary vepori, which serves two functions: First, it highlights the

tcam's observations fegazd:ng maaagﬁmﬁnt, fiscal, envirormental or tech-
nological factors ‘that appear to'be associated with the conduct or Sup-
port of the utilized research or the transfer of rosearch results to -
application.” Second, it presents a crude measurc of' the consequence of
using new science or technology in terms of increased cost-effectiveness
of the studied system as compared to that of its preducessor. These
reports, whose security classification varies from open ta Serret have
been given I;m:ted distribution withan t&e Pob.

2.2.2 Secsaé Sirategy-?sapertisn af New ?eﬁhnafagy Fanaﬁced by
the Dob: The second strabtegy of Project HINPSIGHT was fo determine the
proportion of the new technology o which new systems were based that

was a result of DoD-financed research in science and technology.. The

information nceded for these analyses was collected In the course of
preparing the RXD Event duscriptions.  In most cases the general source
of financial support for Lhe rescarch warker could be readliy determined,

i




~Table 11, (um,[s OF RUSLARCL AND [XPLORRIURY DLVELOPMENT
o . SUGGESTLD TN PROJLCT HINDSIGHY

RXD less

r[vvest1th1uns in pure and app]1ed mathemat1cs and .
| theoret1nd1 studwes concern1ng natural phenumena (k).; e

.Sgienfe: _ [xper1mcnta1 val1ddt10n of theory and atcamu]at1on
TTTTT Y of data concern1ng natura] phenomend (R)

Comblned theoretical and experlmental stud1es of newi
or uncxplored fields of natural phenomcna (R).

Deve]opment of a new. mater1d1 necessary for the
performance of a funct1on (XD) : - :

Conception: and/or demonstrat1on of the capab1]1ty
I } to perform a specific elementary function, using
Technology ﬁ new or untried concepts pr1nc1p]es, techn1ques,
T mater1als etc (XD) - : . :

'v' Theoret1ca1 analys1s and/or experwmental measurement
Yof the characteristics or behavior of materials,
equxpment etc.;-as required for des1gn (XD)

(First: demonstfation’of the cepab111ty to perform a

-specific elementary function, ‘using . established

concepts, principles, mater1als etc (XD des1gn)

Engineering P, Deve1opment of a new mand%acturIng, fabr\cat1on or
o -~ -}y materials- process1ng techn1que (XD mfg )

First. development of Q. comp1ete system component,
equipment or major - element’ of ‘such -equipnent, using
“Kestablished concepts pr1nc1p1es, mater1a1s, etc. (AD)

¢

theé R - research S
XD - exp]oratory deve]opment
A - advanced deve]opment




Ea‘fan{i#éiy fow cases, aboul 3.5.9&rdvﬁt, the work had boen ahdfgcé to
can industriall RED or overbead account and records werd not. available or
wWery 1n¢deqaa£e fo define iundiugg input 10 “the ﬁLtﬂ“Ri;.“'VhPFE this
coccurred; and in the interests of conservatise, iUwas arbitrarily held
that the funding was ool ihe Dob's, even thaugh it msqh{ %évv buen re~
cuvered amder ASPR-XV 1RED {i.c., the provision in thHe devncd el
'ﬁﬁkﬂﬂ\?ﬂ?” ﬁtQJ{uffﬁP gaverntﬁg !ﬁdepﬂndeﬁt tcﬁ&ar€h anﬁ éevzlapmeﬂi}

. 2.2.3 Th;rd Stratcgy-"Faetqr‘.;a,the H;gh Usage uf Research -

Restlts: - The third strategy was 1o determine management and other en-
virommeatal factors fhat appear to be un;qae}y cer{tldtable to high
utilization of research results. Based upon the recognition during the
pilot studies that anwestsgative efficiency was extremely sensitive Lo
the ere(ieaen of the investigator, it was assumed that a similar situs-
tion would obtain in the study of maaagaeent fasturs,‘ For this reason,
relevant prgrsente was sought and contract assistance obtained from twe
universities that have active management staffs in the:r sc;ence dcpef‘-
ments. : :

The university peaple were asked ta draw upon thesr exper%ence for
hypotheses concerning the relationship between the environment and the
probability that research results would be used. They were also asked
to design experiments to test these hypotheses,’ using the identified RXD
£veﬁts as test cases for the experzments‘ :

By Qcteber 1965, - several haaéred RXD Events haé been eataioged
Abor  half of them had taken plac~ .in a rather smai! number of labora-
torics of other ergaaiaat:sns, whyie the other hzif was’ spread over al-
most ds many organizations as there were Events. . In the interests of
economy alone, it was obvicus that'a sampling stuéy would have to suffice.
Events were categorized vy their contributing crgagizutioa of which the
10 most protific were:

‘IRaythean Cempaay '
‘Ling-Teico-Vought, “Inc:
Rocketdyne Division, North Amer:can Av;atten, inc.
-Lockheed-Georgia Company
Pratt & Hh;tﬁey Aircraft DT??sfaa, United A;rcraft Cayparatsen
U.5. Army Missile Command, Redstohe Arsenal =

- B,S Naval Ordnance Test Station

- U.S. Naval Ordnancé’ Labsretery, white ﬁak
‘Wr;ght Air Development Ceﬁter S
y. S ‘Army Msnitions €amman§ ?icatfany Arsenai

‘;,

Because It was ieas;tive to the systems that had been studied, the
selection did not necessarily indicaté the relative quality of the or~
ganizations; but it did provide an efficient way of economically maxi-~
mizing the sample size for detailed management studies..

T —

in November 1965, fhese 10 argasiéatlons were asked to participate
in Project HINDSIGHT by making available a resident management scientist

~ i3




~Table III. vUNleKCT[U RUSEARCIH

. 1.. Observation of phenomena.

o2 prrmulation of hypoﬁhééisL

3.'vDé$igﬁ of ekperimdnt*td'tcst hypotﬁesis.

fﬁf : - PN 4._'ConduCt of experinment.

?g; . L Ay 5.  An&iy§i$ and interprétation"of results
W L within the scientist's frame of reference.
;:,,::h‘v- : i . k S

7'6."Répoktlto'thé scientific comiunity.

" Table Iv,_ DIRE'CTED_RAES'EARCH :

1. Statement of prob]em !

4 o ' }
& . o 2. Morpholog1ca1 survey of ava1lab1e and :
e _ : o _apparently relevant knowledgé for a
L ..~ possible solution, or deliberate search _ :
;. - for new know]edge 1ead1ng to a proposed B : « o

solut1on

,lﬁ._ Design of exporxment to test propo a1; 

- '4¢ Conduct of exper1ment v »
o o ’ 5."Ana]ys1s and 1nterpretat16ﬂ of results
W _ . ‘ : - within the frame of reference of the v
e S A -~ problem. L S R '
gy 6. Report to the "source" of the prablei.
L ' t /
k;. )
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to conducl on=uite experiments designed by the wiversitive.  Kecourse
10 resident manayenenl sclentists was considered desirable for ot Teaut
thive reasuny First, the individual's Rnnwl{dqv of his orgunizat fon
and Pts people could save o tonsiderable amount of «tudy time, . Second,
managenent would be assuied that propriviary interestys were proteciud,
Fhird, because the desiygnated management scientists would net b intro-
duced to the test. hyyu%hvscs uﬁii] sabter the experiments were conducted,
Brias waafd bo minimun, ‘ ' ' ’

By Bocemboer iﬂﬁﬁ, one bl Uhd ua;vvt‘iisvs &dd Lunﬁuﬁtnd br et
courses ol instruction to Tomiliarize the resident mdndqvnwai scientists
with study objectives and the proposed methodology. Distribution of
test instruments bugon in January 19665 the tUl[&tiEﬂn and an&iyssd uf
data are expected to continue well into 1967. L Primary analysis is the
Final responsibitity of (the supporting universitics, Their n.;mrt will
be collected, collated, ctvd!{vd éﬁ& pnritahvt hy thu FFGJLLE HE&DSi&HT
vt fice. P .

2.2.% Fourth S¥ratégy-¥a@ae-€ast’¥ﬂdax£‘ The fourth strategy

Ccalled for defining a valuc-cost index, or set of !Rd!CLS, offering a

yuantitalive imeasure uf the return o investment #H rescarch. From the
beginaning, this was rccaqaazed as ‘thie most Jifficult task undertaken by
Project HINBSIGHT. Because the coonometrics of the detailed studies was
foreign to most of Lhe scientists and engincers identifying the RXD
Events, the conceptual cost-value studies were assigned Lo separate’
groups. At the Uime this reporl was prepafed however, significant prog~
ress had not baen made. ~

2.2.5 Befrastian of Terms:  During the pilot studies il was dis-
covered that the current DoD definitions of research (ReD category 6.1},
exploratory development {6.2) and advanced development (6.3} were inade~
quate for use in recognizing, classifying or administering research in
science or technology. A more useful classification scheme (see Table
11} was gradually developed énr:ag the pilot studies and, on the initia-
tion of Project HINDSIGHT, was adopted without change; The successful
application of this ciass:f;cat;en system threugheut the stadies has
demonstrated its nt!i:ty. .

Although adequste to provide a fﬁnct!eaai description of the several

classes of research in science and technology, this categorization did
not serve as a vehicle for identifying motivational factors. Further, it
was obvious almost from the initial collection of data that the problem
of semantics could represent a formidable barrier in the déscription of
scientific research activities. Solely to minimize the impact of this
dgifficulty, definitions were adopted for two terms used in. this report:
(1) undirected {or disassociated) research and (2) directed (or respon-
sive) research‘ S ’ :

The definitions, shawn in Tables 11! and zv, are arbitrary, and are
recognized as describing only the two ends of the spectrum. For purposes
of Project HINDSIGHT, however, they were found operationally useful, and

50 are used as a frame of reference in the pertinent data analyses.
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3. THC SYSTUMS STUDIED

It was vbvious that the selection of Weapon systems and military
vequ1uncnt5 for study. under Project HINDSIGHT would influence the {ind-
ings. . The nature “and extent of this infldence, however, could not be
n:sesaud WIthout pchudglng the uventual flndlngs

"For example, 'thL greater part of the Army 5 ‘wWeapons lnvcntory con-
sists of relatively ordinary items such as rifles, howitzers, lracked
and wheeled. vehicles, ‘radios for short-range comnunications, and the
like. For most Arny operalions, these equipnents are al least as im-
portant” as the more ''glamorous’ guided missiltes and tactical nuclear
warheads. If it were a fact that, for the former class of weapons, the
scientific and technologncal base came from the general civilian economy

~and that, for mnssnles and warkeads,, it was the result’ of military-
supported research, any undue attention to elther class in the HINDSIGHT
- study would lead to dlstorted flndlngs

In a similar vein, 1f little or no new science and technology were

going into modern rifles, howitzers, mortars, trucks, etc.——a situation
that seemed rather unlikely but could not be arbitrarily ruled out be-
fore the study began=—then any.findings based on studies of satellites
and advanced radars would not be amenable to extrapolation or other
statistical inference. To, ensure that the findings would be reasonably
valid, HINDSIGHT had recourse to a sampling technique for system selec-
tion, not.a truly .random sample, but a contro1led one to achleve an
apparent balance of equipment types

The weapon systems and’ equlpments that servéd as the basvs for this
study (see Table I) are briefly described in the following pages.

3.1 HOUND f DOG

HOUND DOG is'a Jet propelled air- to-ground mlssx]e with a nuclear
warhead and a 'stellar-monitored, all-inertial guidance system. It is
~air-launched from a py!on beneath the wing of @ B-52 aircraft. -The mis-
F,Sl]e operates. in either & high subsonic or .a supersonic mode and has an
operating range vn excess of 1350 nautlcal mlles. '

We|gh|ng approxlmately 12 000 pounds, the mlssile has delta plan-
form wings 'in a canard arrangement; the wing Is. located well aft on the
" fuselage and the horizontal ‘stabilizer 4s placed at the nose. The fuse-
lage, an ogival nose faired into a long cylindrical .afterbody, contains
the guidance package, the warhead and all other subsystems, except that
the power plant is suspended far -aft in an englne nacelle beneath the

fuselage.

Devclopment of HOUND DOG began in 1956 and was e,sent|a11y complete
in 1959.
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3.2 _BULLPUP

BULLPUP is an air-to-ground missife, optically tracked and radio-
comnand-guided, intended For use against tuctical targets such as trains,
bridges, tanks, truck convoys, ships and ground weapon emp lacements.
Acrodynamic control surfaces are on the nosce of the missile {tﬁasrd con-

"~ figuration), amd delta wings provide p;;m&sy avrodynamic 111, This
uncomplicated; :elatevc?y inexpensive weapon has o des igned maintenance-
free shelf fife of 5 years and con be loaded on an airceraft in minutes
w;{h oo LhLLkGﬁ{ or ethtr grauad suppcrt. :

Biff;ren: versions af thL BULLPU? msssate use 3:{&&: a séiiﬁ*’ ‘
propellant or a prepackaged };qusé-propeilant rocket motor.  The smaller
BULLPUP A can deliver a 250-pound conventional warhead over a range up
to agpraxtmsteiy 6 mites from the poiﬁt of release by the iaaach;ng air-
craft. The larger BULLPUP B carf:es a 1000-pound caavent;anai warhuead
over a rsage of- some - S m:fes. . S

in aperatten the gzlet of the ?aanchzng atrcraft moni tors the mis-
sile in flight by radic gnd controls Its, path by kELp!ng fiares in the
misss¥e s tail lined up with the target.,

Deveiepment of SULLPQP A was Iﬁft!ateé in §9§h ené led to a first
production run in early 1958 Thc first pradact:eﬁ contract en BULLPUP
B was awerded in 1960, . ) ;

3 3 POLAR!S A-i

FGLAR%S A-I was ;he ffrst cf the series ef submar;ne—laancheé
%nert;ai¥y gasded intermediate~range ballistic missiles. The A-1 was
small in comparison to.contemporary missiles of equivalent range, could

"be launched from a submeirged submarine, and had high :ﬁhereat re‘:abs%-
;;ty and reiative}y taw maintenance requirements. .

its saiid*propeilaﬂt rccket motors uere capsb?e of de!tvertng a
nuclear warhead over ranges well in excess of 1000 nautical miles with
-an accuracy ccmmens&rate with the aavigat;ana? preccs*sn ef the launch-
ing submarine. . B N .

~ Despite the important Increase in combat potential offered to the
fleet by the introduction of POLARIS A-1 In 1960, the system's develop-
ment had exploited surprisingly little reaiiy new technology, especially
in view of the relatively much greater amount that was used in the A-3
vers:on‘» Undoubtedly this was pafttally a consequence of the A-1's very
tight development schedule, which allowed ho freedom for long-lead-time
efforts. Pre-1985. ¢ orpedc-}aunch technology was the ch;ef basis for the
launch~-tube moﬁnting and missile-ejection system; & portion of the mis-
"sile's suspension, or shock-mitigation system was developed from air-
craft arresting-gear technology; the inertial guidance system, computer
technology and .the nuciesr w&rhead were no ﬁa&bt state-of~ the-art
éeee?apments. S
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“The chpreﬁsvﬂ»dbvcldbmunt time of the POLARES A=l s indicated by
the Fact  that not until April 1957 were decisions made regarding the
principal technical guidebines, yet a POLARIS submarine was a1t sea in

5

June'l960 a lull 5 years. dhtdd ol lhc funitvial- ldrg(l date sev io 19

SN HINUTEMAN 1 and || L

MINU‘LMAN is a 3- xtage, sol'e prapellant, all lncrtxally gunded
intercontinental ballistic missile. Project HINDSIGHT. examined the - -

_technalogy lcadlng First to MINUTEMAN | and Lhen to'its sucevssor
MINUTEMAN 11. This was done’-in“an attempl Lo gain some undvrslandlng of

how much new’ 5C|cnee and Lechnoloqy are |nv0|ved in’ the nuykcd upgradlng'
'unetnonally qunte anmllar systems . S :

The MINU1EMAN mlssnle is about 55 feet long, reachcs a velocuty of -

_over 15,000 miles-per hour in flught "and has a range of over 5000 miles.
Motors| of the

Tllst two stages are" in metal cas;s, whlit the thnrd-
stagL motor xs encased in ftberglass L SRR

The |nert|a] gu»dance systém is a hlghly accurate arrangement of

'gyrosuopes running on practncally Frictionléss bearings.:: A digital com-

puter contains a memory section which stores the missile's flight pro- -
gram.- During flight, the computer serves to compare the achieved flight.

vfproflie with the stored program calculate steéring corrections .so as to

maintain the desired trajectory, and send sngnals to the nozz}e steer;ng
system to ‘keep the missile on course. - IR o

A reentry system contalns the fuz:ng mechan:sm and the nuclear

A steei<lined éohcreté’iaanh tube 80 feet deep .houses the missile.
Surrounding the launch tube, ‘under several feet of .concrete, is:a two-

level equipment room that is reached through a hatchway with a hydrauli-

cally operated cover. . This réom contalns ‘systems for communlcatnons,
launch control and monltorlng, and electric-power conversion and dis-
trlbutlon. Addltlonal equnpment required for normal:operation of the
Iaanher is |nslalled in"a launch-support bu;ldlng ar short dlstance away.

A‘3 5 SFRGEANT ‘”

‘ Th|s tactical Army m|55|1e can carry elther a. convent»onal hlgh-
explosive or a nuclear warhead up to a maximum range of approximately
75 miles. The 35-foot solid- propellant missile .is fired from a mobile
Iauncher and is inertially guided ‘to the target. Because of -its hngh

Ttthrust to-weeght ratlo SERGEANT requales no - booster.

', For moblllty in the fleld "the’ SERGEANT mnsrlle is transported in
sections on cohventional _Army trucks that have ‘been sllghtly modified to
accommodate the system.  ‘The warhead-is carried in -its‘own van, and the

motor, guidance and stabilization~fin sections are moved on a semitrailer,.

When a missile is to be fired, a suitable launching site is selected and
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the principal vehicles are driven intu poition.  tmplacement; missile

assembhly, checkout and p:vpa:at;nn te; f:rsng can be Lumpieied ina
matter of m;ﬂu{ea . :

_ "ﬁpvs}upmvﬁi wf SERGEANT began §§’}35&;7ﬁﬂd'9¥n§ﬁtiiﬂn Lpﬁﬁmﬂtéé ‘in
1960. 1t was ane of the first systeis to employ o wodular dewign con-
¢ept. When a malfunction is detected during checkout, the folled compo~
nent is simply unplugged and a replacement assembly ins LFtLd
3.6 LANCE

TLANLE, aaaiher iaat;cai Army m;sa;¥c 5ystum is hetng éevelapté as

an 3riziiery guided weapon to support ‘the field army division. This

3200-pound missile is intended to carry o nucléar, conventional high-

‘explosive or chemical warhead over a ccnsiderabiy shorter range than

SERGEA&?'S 75 m;ies‘

Th; prep&is;sn sysiem uses prepackaged starable hyperge!ac Yiguid

-propellant, which enables the same instanil readiness provided by solid

fuel, but also offers simpief;eé vareabie boost and ‘thrust termination
for improved accuracy. LANCE is gu;éeé by ‘a unique inertial reference
and automatic meteorological correction scheme. The wissile is direc-

k ttcaal%y centraile& by steerung the recket exhaust.

The LA&CE mnss;ie is aﬁout 2& feet ¥ang, and its cy¥sndrzca} bedy
is about 22 inches in éiameter. it is stabilized by cruciform clipped
delta fins wsth an cvera%l span of about 4 feet

Among other’ :ampanents of the LAN&E system are a seTf-pfepe?Ied
launcher, convertible to a l1ghtweight towed launcher, and a self-
prspelied missile traaspsrter-ioader. With this equipment, LANCE will

~ have cross-courtry mobility ‘and will be deliverable by fixed- or

rotary-wing atrcraft aad by parachute as weli

3. ? Torpedees Mark Q& xod e ané xayk #6 ﬁcd 1

‘These tarpeéces are 3nt$submarnne weapess des;gaed to attack tar-
gets at all operational depths. A%cat 9 feet long and slightly over a
foot in diameter, both tarpedoes can be delivered by either alrcraft or
surface vessels. They have essentially the same self-contained guidance -
system, which enables the torpedo to locate and attack targets within
its search volume with no external assastance. Warheads in both. cases

are conventional high explesive.

Primary technica} d:fferenaes in the tarpedees are found in their
engines and steering concepts. The Mod O uses a seiié-prepeila&t fuel
to drive a hot-gas engine; the Mod | has a liquid-monopropellant cam-
engine grapa%seen system. . -Control in the pitch and yaw planes for the
Mod O torpedo is achieved by tiltsag a shroud ring that encompasses the
counterrotating propellers, Roll control is provided by fin tabs. The

~ Mod 1 uses mevable f:ns for control In d¥1 pisnes.
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~ bevelopment of the Mod 0 was undertaken -in 1958, and first delive
eries to the fleet were made in 1963, Because il uses inany of the proven

-componests of the Mod 0, the Mod 1 dthlupmenl which started in 1963,

was Lompleled in abuul ) yLaru._._

3.8 lOSmm HOWI[ZLI M~I02

Thls hOW|tzv was . d;sngnud ful the role of a Coannliunu! light
artillery picce, dlthough many of "its characleristics are unconvent iunal.
Most artillery pIOLcs. once cmplaced in firing position, have a timited
ability to traverse in-azimuth {typically on the order of 60 degrees)
but the M-102 can traverse a full 360 degrees. In addition, improved
steels were:used in the construction of barrel and .breech, which purm-ts
higher “internal pressure and thus a Lon5|dcrably greatcr rangu Lhdn its
105mm prcchcssors

In spnte of theése advances, the weight of the entire howitzer was"

‘kept low LHUUgh to permlt transportlng it by helacopter

.Early models of the M- 102 were made avallable to Lhe Army in 1962,

3.9 '-FADAC

The field artillery data computer (FADAC) is‘a general-purpose

“.digital computer that has been designed and tallored to assist the
*.artlllpryman in the solutlon of flre—control and survey problems.

ClaSS|F|ed by the Army as a standard equnpment in 196] this com-

puter can be used with all classes of artlllery and . a number of ‘the

Army's missiles, lncludlng LANCE.

FADAC is about 12 inches high, 27 inches wide and abéuf 30 inches
deep, and weighs approximately 190 pounds. Despite its small size, the
magnetlc dusk primary memory unlt has a capacnty of 8192 words

_-3 IO AN/SPS -48 Radar

Thls system represents an answer to the current Fleet requirement
for a practical ''3-D" radar capable of simultanecusty performing multiple
functlons, such.as air survelllance control of aircraft |ntercept, tar-
‘get designation for weapon-control systems, and provision of information
for use in evaluatlng the air battle.” Earlier radars were limited to.
providing information in only t' 5> of the three coordinates—azimuth,
elevation and range; the designatjon ''3-D" lndtcates the added three—
dimensional capability of thls new radar. .

: The antenna of ‘the AN/SPS 48 is mechanlcal1y rotated in the hori-
zontal plane to acquire azimuth information. ' A 9-pencil-beam pattern in
the vertical plane, with electronlc swttching, provides elevation data.

".The radiating elements are windowed slots in the transverse wave guides

making up the planar array antenna. The "array is end-fed by.a serpen-
tine wave guide. o : L
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The :dddt Wb designed p:tmagsiy for :ﬁ*tul!at:an on. guadvd-mss*th
frigates and destroyers. - 1t Bs compuler stabilized to :Lmowv‘perinfhd

"iiuﬁﬁ lﬂ daty d:issng from ship's petah and fu¥1

- Thvfﬂawy 5. ﬂ;we¥upmvn{ of ihc S?S %8 thaa in the oasly }9695 A

Cproduction model was “instatied in the USS WORDEN during” the firet half
‘af 1965 B A R A

3.§¥ H%ava Maak 55 and 5?

Thn Hark 56 is an dt;&rafi ia;d mea;ad m;ne in ‘the 2680 gan&d aisss,(f
.d;stgand for empi&ymtﬂt ‘against submarines. - The Mark 57 mine s its.

submorine- iw;d Lauﬁterpar&, Both use aaaVEnt:anaI hfgh-eXploscve war-

4hcad>

Ceaieﬁtuaiéf,‘ihese‘weaéoﬁg‘afé'ﬁa{’sig&?fica&tt? different. from

" their predecessors of World War 1t, Secause of advanced des:gg details,

néw materials and recent technalaglrat deve¥apments, hoviever, they offer
considerably increased tethality, sensitivity and resistance to counter-
measures, the ability to operate at much greater depths, increased shsck
rgszstance fo a:rdrop, ané mﬁch greater averail re?tab:l;ty

The ma}er é;fferences in the twe mines §;e in their markediy ind;-
viduai means of deployment—the Mark 56 from the wing of a h*gh-perfarm-
ance agrcraft the Mark S? fram a submar;ne 5" turpedc tabe :

The cerrent wersisa cf the Mark 56 mine was released to proéuutlen
in 1953, production of the Mark 5? started 3 years ear?ier, in 1960,

3. iz Starlight chpe

‘The Army $ Starlight Sccpe is a n;ght-vts;on devuce that can. be
either hand-held or mounted on a tripod for use In observation and sur-
veillance when It is too dark to see with the naked eye. . The instrument,

~which looks much }ike a telescope or a rifle scepe, can- a%sa be mounted

on weapeas ta enabie a;miﬂg 3t night.

’; Th;s passeve dev:ce emgiayf {he princapie ef image 1ate§sefica;:an

. to raise the 11§ht ]e¥e¥ in the viewed scene above the haman eye 5- }eVel
43F senszttv;ty. Ay was releaseé tc fse}d use in 3365 ‘ .

3.13 Strateg;c fraaspert Aircraft C-I&IA

The ¢-141, a 4-jet-engine aircraft with a crew cf 8 men, was de~
signed to 3;ritft all the military services' combat or support units and

~mmilitary supplies, éel;ver!ag them by landing or by parachute, as re-
‘quired. It can:carry 154 spldiers with their ‘individual equipment or

80 litter patients and 8 attendants. Alternatively, it can carry about
a 3l-ton payload over heaa nautical miles at an averaqe speed af §22

knots.
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The aircraft is Ihh iuul'long;.ﬁuavd wing spgn of uppluximdlely
160 feet and a maximum height of ‘almost 50 feet.  Tts service ceiling iy

over 44,000 teet. Maximum specd at-ai alt ftude of 25,000 Teel iy about
500 hnots. - . : '

The letter contract aulﬁori4§ug'yhg déVélupmehl gf:the"cffhlA was

“dated April 1961, and the aircraft saw its Tirst service in October

1964, A-unique aspect of its developient was that the initial contract
required the aircraft Lo be certifiable by the Federal Aviation Agency
for commercial use in addition Lo satisfying military requirements,

3.|b'.NaviqaLion Satellile

This quiFjéfaijsalellfté,'launéhéd,idto:afIOW»eath orbit, makes

it possible.to determine a ship's position accurately regardless of
- weather or- the anomalies of. low-- and medium-frequency radio propagation.

By monitoring the Doppler-shift in the dltfa—high-fféauéqdy signal

- emitted:by-the satellite, the navigator can determine the instant of the

gatellite's closest approach to his location . and the slant range between
the two points. Using time-teference Information in the radiated signal
and published data on the satellite's orbital parameters, he can compute
his position precisély. i

The .concept of a navigation satellite appears to have been consid-
ered seriously in late 1957 or early 1958. In September 1963, a satel-
lite was actually used in-ship navigation.. The first truly operational
navigation satellite was placed in orbit on 6 December 1963, providing
the U.S. Mavy with the most reliable, prccise all-weather global navi-

' gation system ever developed,

3.15 WNuclear Warheads M-61 and M-63

These nuclear warheads, now being introduced into the weapons
inventory, are advanced versions in comparison to their predecessors.
They use nuclear material more efficiently, have improved structural and
mechanical features, and possess greater adaptability to design con-
straints imposed by the weapon-delivery system, ' :

Because of security restrictions, the warheads cannot be more com-

. pletely described here; those considerations also preclude subjecting

them to the same ‘type of study as that adop>~d for the other weapon sys-
tems ;urveyed under this Projgct. : )

The study of the M-61 and M-63 nuclear warheads was limited to a
sampling of RXD Events that the study team beljeved to be generally
typical of advances in the non-nuclear components of nuclear warheads.
The samples were small and contained less detail than those of the other
18 systems studied. T :
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31671 f;’zm; HEAT-NP 't:ﬁa-zs’ idge "xal&t}g ‘

) The Sheridan is a new d;ma:sd reconnaibsance veh:cie dava¥uped by
(the Army to repiace the post World War 1} tight tank, 1ty main armament
features a §§Enms§un-}aunthtr that’ Tires efther the highly acturate ant:-
tank SHILLELAGH guided missile or a re¥a§EVL¥y unconvent fonal az%r%;eev
pra;etiile The complete artillery round of which that projectile v a
part is the V52mm HEAT (high-éxplosive antitank) MP {multipurpose) car-
Ctridge XR-409.  The' Pt desi ignation means ihai the aﬁmun:taan can defeat
'bsiﬁ hard dﬁd soft {argets.v »

. The cartridge case, whzch is cumpleieiy consumeﬁ wsih;n the gun
barrel when the round is fived, is a ‘two-piece assembly, manufactured by
a felting process from nltroceltulose and Kraft fibers with a resin

" binder.  The projectile consists of a one- piece forged-steel body which
is loaded with approximately 6.5 pounds of Composition B. The high- ,
explosive charge is shaped so- as to provide,-on being fired, an extreme-
Iy intense focused jet ‘of energy; this represents the weapon's antitank

ki1l mechanism. Fragmentation of the prs}ect;ie s steel bedy provides
the c&pab;f:ty fo{ defeat of soft targets*, :
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4. PRINCIPAL T INDINGS

The qcnlldl ob)cullvvn and Slld(UQI\- ul Project BINDSIGHI were
deseribed in section 2, and some additional specitic questions 1o which
the study was addiessed were set Torth in the introduction.  The findings
of this Project, in terms of those general objectivens, stiategies and
specific yuestions, are presented jin this section. -

The' study approach adopted foir Project HINDSIGHT i wuch that, in
the puri}l'a sense, the Findings ‘Trdguently are indicative rather than
conclusive. This acknowledgment in no way weakens the significunce of
the findings,. but recognizes only that the complexity of the processes
studied 550 greal as -to prectude an-exhaustive understanding. More
specifically, it concedes that a great varicty of mahagement patterns
have been shown, by .at least unc/anmplc, to be workable, Nevcrthelcss,
the HINDSIGHT data lndacaLL that’ some patierns, by the frequency of
theirappearance, are more likely to be assQC|aLLd with research efforts
whose rcsults are utxlnzed ' : : :

Whencver pOSSIble, data are presentud as time-dependent distribu-
tions, or as -percentages of a total, to afford an estimate of Lhe rela-
tive degree of confidence that may bL assngned to the.validity of the
|nd|cat|on or finding.

in some casc;,'lntcrpretatlon of flndings was fnund to be cxlremely
sensitive, thher to the precision with which certain words are defined
or to the manner in which those words are used. This problem was en-
countered early in the study, and operationally useful definitions were
invented or adopted.  As pointed out in section 2, the mosl sensitlive
areas involved— o ' : : L

. thg'geheral classification schene for RXD Events and .

. the delineation of basic research in science undertaken to
satisfy the curiosity of the scientist, as distinguished from Lhat under~
taken “for more pragmatlc reasons. :

Classrfylng the sources of new SC|entif|c or technologlcal knowl-
edge in terms of oryanizational type—DoD laboratories, universities,
industries—presented no especial problem, except that it failed to
provide insight into the motivation of the performers. To overcome this
weakness, an additional classification scheme was adopted which divides
alli research finto two categories.’ One, referred to in this report as
undirected {or dlsassocnated) research, is conceptually. described in
Table 11l; and the other, termed directed (or responsive) research, is
described in Table IV. These definitions, or “categorizations, prQV1dl a
frame of reference for pe*tlnent analyses and - discussions.:
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okt Fierst Strategy:  Deteamioe the extent to which new weapon

systems are actually dependent upon the
resul s of recent wdmonees in scivnce or
technology for their attained increase in
system effectiveness, decrease in cost,
or increase in cost-effectiveness au
compared to o predecessor systen.

4.1, Findin Moykedl y Tmpropced weapon aystoms pesuld oo
b Einging: ! i Y J

J%f!f_..., carth T ni ey a conedderalile wanbor of sedent i fie uw! Leohnologi -

RN ROV I TN

A veryearly observation of the Project HINDSIGHT study was that,
almost without exception, no single identified RXD Event or combination
of a very Tew Events is responsible for an appreciable portion of a total
advanced capability. |t is most unlikely that the observation would hold
true throughout a-study of the first atomic-fission bowb, wherein a rel-
atively small number of very SIgnlflcant fvents. lnvoIVlng Elnsteln, Fermi
and a fgw other physncusls apparently account fur that capabiliiy. -The

‘obs;rvatlon therefore, is genérally limited-to cases in which the prede-
cessor and successor systems were technologically simitar but unequal in

cost-effectivenes,. . Even here, however, there are apparent exceptions,
as in the case of the niodern’ artil!ery howntzer. This seening discrep-
ancy is treated later in the dlscu55|on of findings 4.1. 2 and h.1.3,

The time distributiohs of the RXD Events, with regard to the dates
of decision to uqdertéke engineering development of the particular
weapon systems in which the new science or technology was used, form
illuminating patterns. Representative distribution curves are-shown in
Figures | through 11 and are discusSed in subsequent findings.3

M;I.Z Finding: There is a high pcsitive correlatior ba*wurn the
relatine covhistication of the predecessor and successor .4.tvm.-—0r thi.

'r""vﬂv therease in their efféctmveness-—and the amount oj new sotoney

e one .quuulqu utilized in the successor.

The argument for this ftndnng requires the appreciation of two back-
ground factors: (1) the number of RXD Events that would probably have
been disclosed by a more exhaustive treatment and (2) a measure of the
relative value of each Event.

Figures 1 through ll represent the RXD Events that were actually ii.-
vestigated in detail: Estimates of ‘the percentage of coverage range
from 20 percent for the C-141A aircraft to 40 percent for the AN/SPS-48
radar, 75 tuercent for LANCE, and over 95 percent for the Mark 5¢ and 57
mines. The spread .is a function of many factors. The percentages vary
positively with the'aCcessibirity of the RXD Event's performers and with

*Summary des-nlptlons of these RXD Events and some of the more
_relevant data are g:ven in Appendix D. .
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the »ize and diligence of the study team and, inversely, with the com-
plexity o the equipment studied.” To the extent contiollable, however,
wach xamplv is leplﬁhcntathv ol the Uvurall lype of RXU Evvnl (ulml-
nutnnq in- Lhu specilic ‘qulpmnnl
btudyunq q |vldl|vcly small number: oi Events that were uequ'ntndlly

related in a single scientitic discipline or area of nghnU\Ugy was
generally preféerred to pursuing many antal|Vcly identified Events across
@ broad spectrum of technologies.. Thus, Lhére could be up to five times
as many Events ds have been counted. The distribution among the several
classes of research and exploratory development, though, should remain
essentially unchanged. : : '

_The second factor, justifying all contributing Events as equal in
weight, can be supported by a simple illustration. The transistor is
generally accepted as one-of the most important scientific and techno-
logical advances of the current period.. Of what value would the tran-
sistor be to-an ICBM airborne guidance computer if the capacitors were
large, leaky, wax—lmpregnated ‘devices? ...if the inductors and trans-

formers used huge iron cores? ... if the power supplies were lead storage
batteries or internal-combustion-engine-driven generators? ...and if the . t
chassis and mechan:ca] support were fabrlcated ‘of low yleld strength : !

steel’ v o H

Recognizing the part that each advance plays in thIS mutually sup- -
porting effort, one can conclude pragmatically that all utilized Events
have_esSentially equal value in a single weaponh system. |t is therefore
meaningful to compare systems simply in terms of the number of Events
required to achieve their demonstrated performance.

et

The simplest.weapon:system examined was the M-102 105mm howitzer.

This weapon shows an incredse in effectiveness over that of its prede-
cessor,. the M-2Al, in two significant parameters: To achieve practical.
transportability by helicopteh, it is much lighter in weight, and it of-
fers an approximately %40-percent increase in range. .A significant part of
of the weight reduction, along with the ability to withstand the higher
“internal pressure commensurate with the extended range, is attributable -
to.a single RXD Event |uvolv1ng the production of better steel for the
gun tube. Most of the remaining weight reduction was enabled by the RXD
Event of welding aluminum. A few additional Events involving propellant
manufacture and barrel-erosion control provided for the increased range.
“Thus, starting with a relatlvely uncomplicated system, a total of five
to seven Events resulted in a markedly umproved howi tzer.

Conversely, for -a somewhat comparable increase in effectiveness
from MINUTEMAN ] to HINUTEMAN 11, some 50 technological advances were
essential (see F|gure '§). Thus, the ‘greater the sophistication of the
predecessor, the more new science or technology is required to achieve
a useful imp rovement - in ¢ost-effectiveness. Where the predécessor
systems were roughly comparable in sophistication {a situatioh that gen-
erally existed for World War !l free-fall bombs and magnetlc-lnfluence
mines), the study's flndlngs suggest that the relative increase in
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S effectiveness of the SUCLESSOrS varies dlluLlly with the numbtr of
utilicod RXD Events. :

For example, some 40 to 50 Eventy were required to ‘achieve an in-
crease by a factor of about kL between the free-fall bomb and the BULLPUP
air-to- surfaue missile. 1t took over 100 RXD Events Lo inciease the |
Mark 56 mine's effectiveness by a factor of 10 over that of the Mark 10
mine. In each case, predecessor and successor are compdrcd only wnth
IESPELI to roles that both could pelfuxm. :

Other paired examples that indicate the same trend can be cited.
The sample size, in terms of number of syslems studied, is inadequate (o
provide a useful quantvtatnve ‘predictor of the pumber of Events essential
For a desired increase in cost-effectiveness. However, crude analysis of
the data suggests that such a predictor can be achieved. This mutter is
treated. further in section 7.

4.1.3 Flndlnq New weapon systems ave more dependent upon lL. riet?
Lechnology than on new science.

Mainly, the system5 studied were of the post-1945 period.

Project -HINDSIGHT adopted flexible criteria for the definition of
rew or recent technology. 'I the technology of interest was used in a
_cruder form in the predecessor system, the evolution of that technology
was traced back only as far as the time the predecessor system was de-
veloped, generally after 1945, If it was not used in the zarlier system,
the evolution of the technology was traced back to about 1945, The cri-
teria were relaxed somewhat for new science, accepting some RXD Events
that occurred as early as 1935. Despite this double standard, 91 percent
of the 710 completed RXD Events are classified as the results of research
in technology, the remalnlng 9 percent, as the results of research in
science.

Further, less than 16 percent of the technologically oriented RXD
Events were traced to a post-1935 science base. The other 84 percent
came directly from the application of nineteenth-century unified theory,

~were the results of empirical research, or appeared as invenlions not
needing sclentific explanation.

The median cost of a DoD-funded Event of a scientific nature (R)
was approximately $60,000; for a DoD-funded Event of a technological
nature (XD), the median cost was about $45,000. In view of the differ-
ences in cost and the percentage of RXD Events oriented toward science,
one poussible conclusion is that a budget for research in mathematics and
the physical sciences should be about 10 percent of the size of one for
research in weapons technology, where the classifications shown in Table
t1 for science and technology (R and XD) describe the total package: and
where the sole obJectlve is galnnng knowledge for application to weapon
systems.
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This vond lision cannot be applied arbitracily av a test of current

Dal) tuml allocations, tor at least two ‘.iguiiit.unl yeasons, - birst, the
conclusion is applicable uily where thework efforts are dvvpu «f i ace
corduncy with the detinitionsy of Table 11 The most cursory examination
of - the Dob'~ current rescarch. and explopatory=development project strues
Lure shows that -4 considerable portion of [dts gesearch ellorts are ol o
generally technological rather than scientitic character.  Second, the
To=percerfl Ffactor does not adlow for very necessary work in the lite,
“behavierfal, social and olhcr sciences. '

4.2 Second Strateyy: Determine the proportion of any new
technology, required for attaining
system characteristics, that was the
resuli of DoD-Tinanced rescarch in
science or technology.

h.2.1 Finding: The d0f [inanced the majority of jrograne suppiy-
1y e ;'--l'wuu e Lcuhnolu‘]l/ jm' on'apun bJ.,Lum lmpr'uvwrwul.

Throughout the 1945+ 1963 period covered by ‘this study, thcre was.
almost continuous change in research budgeting, accounting and procure-
ment practices. Records have been retlred or lost, and seemingly little
attention has been paid - to historical accountlng for expenditures on re-
“search in science or technology. "As a consequence no precxee flgureq
exist “to’ descrtbe DoD or other lnvcstmeht in these areas

. -A useful estimate can be derived, however, by noting that the FY
1966 Defense budget. for thesé categeries ‘of research is $1.39 billion.
Using the generally accepted understanding that this investment had been

- growing at a rate of 8 to 10 percent per year,. a total investment of
.$7.5 to $10 billion for the years 1945-1963 is calculated. A similar
calculation suggests that non-DoD funding (including undustry, state
support of university research, and other Federal agencies' expendi-
ture.) came to some $5-7 billion for the same period. Thése estimates
are given primarily to demonstrate the absolute and relative orders of

magnitude of expenditures for research WIthlP the United States. (See
Appcndlx E.) , _ e

For the 710 RXD Events investigated in detail, the distribution of
funding sources was as follows:

_DoD direct funding= = - - = - = = = = - - 85%
Defense-oriented industry =~ ===~ = = - - =~ 9%
Commercially oriented industry~ - = - - - 5%
Other Government agencies = - =~ = - = = =« 4|y
Universities (state or private funding} - 1%

The 85 percent directly funded by the DoD includes work supported by
the in-house laboratories of the Military Departments and all DoD con-
~tract and grant- upported-work with any external organizalion. It does
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not include work Supported wider the ASPR-XV I1R&D Program, a funding pro-
“cedure under which Defense contractors ¢an recover some. self-generated
resedirch expenses as an overhead cost against DUD contracts; nor does it
include work funded by industry out of profits on-DoD contracts and
initiated for the purpo>e of gaining future contracts.

Inclusion of lhe last-named CdtLgOFleS suggests that, whureas the
DoD only funded an estimated 55 to 65 percent of all on-going research
in science and technology, 94 percent of  the work that led to results =
“useful in weapon systemx was ‘in the class dlrecLly or indirectly’ funded
by the DoD. o .

The pfincipal conclusions that ‘could be drawn from this observation
are that DoD requirements are in fact unique or that a t remendous dupli-
"cation of effort was invalved. To a certain extent the latter possibil-
ity is refuted by the Findings dIbLUSSGd in section h 3 regarding
motivation for utllxzed tesearch.

: _ . ki
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Within o thl(l standard- duvtaloun ||m|(, ldLnll'lLd costs ol bob--
funded Events in the XD category varicd belwéen a Tew hundred dodlars
and $580,000.  The median Event cost was found to be approximately
$i5,000. Industrially funded Events for the same class of rescarch
variad in cost between a few hundred dodlars and $250,000, with a median
of about $33,000. So few RXD Events were tunded by olhvr sources that
their analysls wauld be statistically unrelnablv :

In the two catc90r|es on which useful data anst the conclusion can
be drawn that, although the DoD can or will undertake far more expensive
research tasks than industry,-the median RXD-Event costs are quite com-.

parable. .Accepting the estimate that there is a différence of less than

. a factor of 2 between total DoD and total non-DoD investment in- research

this flndlng also 5uggests that the DoD funds a greater percentage of
low-cost research than jndustry does.

4.3 Third Strategy: Determine significant management and other
' " environmental factors, as seen by the
research scientist or engineér, that appear
Lo bé commensurate with hrgh utilization of
-research results <

4.3.1 Finding: fhe wtilisation jactor appears ingensitive to
elassieal Jifferences in organizational structure or profit metivition
appearing between U.S. industry, -in-house DoD aboratorzeo, and univer-
sity-adsociated seience and technology centers. It .mdy, however, be
sngttive to differences betueen these types of organization and the
slasste organdzational structure of univeresities.

_Within these three major organizational types, the distributjon of
RXD Events was found Lo be thai shown in column } of Table V. The true
measure of relative productivity of these three organizational divisions
would require that the distribution of RXD Events be compared with the
funds available for research in science ahd technology in the same time
period. While data of this type are ‘not available, or are not known to
exist in useful form, a less rlgorous measure of Fundlng currespondence
may be developed. .

First, over 91 percent of the RXD Events can.be described within
the National Science Foundation's "applied research' category; NSF esti-
mates of DoD fund distribution, by type of performing agenéy, from 1963

" to FY 1966 are shown in column 2 of Table V. A second measure of the

distribution of funds is available directly from the data gathered under
Project HINDSIGHT. Percentages of the total cost of identified RXD
Events appear in column 3 of Table V-—agaln. classified by performing
agency.
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The most immedidte observation to bemade from Tablte Vs the clowe

correlation between RXD bvent ana funding distrvibutiony for both avail-

able and expended fund perrventites, s caleulated in colum hoand .
The ratios vary only <tightly from one organization type to anuther,
part ly substantiating the linding. The NSE estimates for 1963- 19656 car-
not be expected Lo represent the disvtribution of funds over the previous

18- ear vu‘iml; hdw:.'vor, they provide a vselul f.‘rst-ord(.-r approximatjon.
: P !

Il is the nature of leacarch that dullar amounts convert rcudnly 1o
scientific -and ch|noc||ng man-yeatrs, and this allows a second approach
to the finding. The total national population of scientists roughly
quadyupled during the pvrlod from 1945 to 1963, while tbe same population

segment in the DoD laboratofies is believed not even to have doubled. -If

the finding is valid, therefore, the DoD laboritories should show aigen-
eral decline by a factor of approxlmately 2 in the perecrtag:e of RXD
Events generated .in- house and an.increase by the same faztor for thc
Giacinte number generated. Figure 12 displays the time trend of ‘DD in-
house RXD Events, showing very nearly the exact results expected.

Avallablc fundlng data. for untverSItles ‘do no* permit’ an analysis of

the relative productivity of two groups of research scuenthts-—those

associated primarily with the educational portion of the university ard
those associated with the scientific and tcchnologlca] centers. Such
centers as the Lawrence Radiation Laboratory of the University of Cali-

fornia, the Jet Propulslon Laboratory of the California Institute of

Technology, and.the Instrumentation Laboratory of the Massachusetts
Institute of Technology .are currently receiving an amount estimated at
less than 25 percent of all funds for basic ‘and applied research gonng

to the entire un:versnty class—and, of thls, perhaps 60 pnrcent is for
appJned research. Comparatively recent increases ir. the size and number

of these groups suggest that-their earlier funding was even less. Thus,
it is significant to find that 75 percent of the unlverssty -credited
RXD Events came from assoC|ated science and tecnnology centers or aros»
out of :ecognlzably mass|on-or|ented programs. ..

Nlthln the correlatlon accuracy of the sets of flgures cited and
modified by the discussions, it is concluded that. the utilization of
research results is-essentially insensrtlve to dlfferences in classic
organizational structure that may appear in U. S, lndustry, in<house
Defense laboratorles, and unlverSIty -associated science and technology
centers. The finding cannot be extended to include the educatlonal
portion of a university, .-
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o the extent permitted by the aceessibility ol fhelresvarch poets
tarmer and the validity of his ﬁm&iQiMﬁmmHnaww,um@ﬁ regatiling
iﬁsﬂr%hm?mmimﬁhm.<hms%Mmq?pwmwﬁtﬁ ﬂwi&ﬁrwﬁzschmﬁ
fied a» rescarch. in ﬂaich9f~Ehﬁ§‘i§,fi?SS‘thaa one-hall of 1 perient of
the total—appear 10 have come ubout because the performer was inters
vsted primarily in extending the bounds of knowledge. 198 pereent obf
the scientificaliy oriented Events, the sélenlist appears 1o bave basen |
motivated chielly by his awareHess that an actual problem existed,

For {his.particﬂlar,dna¥Y§§5,~3‘d;§£iéé{Ebn was made, pot butwecn
basic and applied ressarch in science, but between undirected {(by an
agency extlernal to the performer) and m?ésiqa-nrienteé‘rescarcg;, The
criteria for classiTication included the requirement that the purform-
ance be associates with an identifiable generic problem rather than some
vague possible utility of the result. Thus the éats'a?e‘cpnsidered}
reasonably representative of the situation: ‘ o

‘The distribution within the missivn-oriented 98 percent shows that
73 perceént was funded by the DoD, 19 pcreent by industry, “and 8 percent
by other Federal agenciés or by foreign goveraments: Within the 73 per-
cent funded by the DoD, 21 percent of theé work was done as part of an
organized program 3t a university-operated science and technology center,
‘12 percent as a separately funded project at a university, and 38 percen.
at in-house DoD laboratories; and the remaining 29 percent was donc by -
industry, o o ‘ : '

It is emphasized that the total sample size of scientific Events.is
s0 small that the subclass distributions showi above must be recognized
as being only roughly indicative of ‘the actual situation. The only coa~
clusion that can be drawn with a reasonable degree of confidence, there-
fore, is that most research in‘science whose results were found to have
been used in weapon systems was undertaken as part of an organized pro-
gram. Specifically, most utilized new sclentiflc information came from -
organized research programs undertaken in response to recognized Defense
problems, ' ) o o ’ : o

4.3.3 Finding: 4s a rule, the most useful role of science hus
been that of prag%%iﬁg phenomenological explanations to the eng lncer,

In all the systems studied, there were only two cases where recent
research in science suggested to the engineering community a generically
or fundamentally different way of reaching an objective. Those cases
involved the introduction of {1} the transistor and other solid-state
devices and (2) the thermal battery. The other scientific contributions
were markedly simjlar in concept. The scientist, by gaining a reasonably
thorough understanding of a process, technique or phenowenon used by an
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endineet . povides the means for it greales vxpiml.nluu Through an vx
planativn b the under |y||u| S bent |l it uu haniume,

[ a wenae, llsi',' wop up't role ol fese, uLh A sCience desor e 69
pricent. ol the wciontitically oriented ivull~_. Fnano case was the’ res
stearch i soience ditected toward the solution.of o specilic problon for

a particolar system. invatiably. the scientist Jocked at general probles.

For instance, an investigation of sthe signal and noise characteristics

ol outyuing and returning cadar pulues Jed Lo the establishoent ol tilter

theory, and the cuqnnuw y Llpplylnq llml lhv(ny, dvvvlupuxl aogre .Jlly -
pmv\d mdm ) oo .

Th]afcxamplc alsothelps define the difference alleged in the inmedi-
ately preceding paragraphs: . The: fundamental capability of detectling or
locating a targel with radio energy. was not:a-consequence of recent, -re-
search in scéidnee. The scientist,” observing the radar set . in action,
devised a means of=improving its performance, and in this regard scidnce
fol lowed teuhnoiogy. Within this definition, 69 percetil of the research

in science studied by Project HlNDSIhHl';ervcd to provnde uscful phenom—_

enolug:cal cxp.andllons to the engineer. .

h 3. b F.ndnng ?‘"Wa:aug{npvr appuars. Lo el heavily om ur*liu;
Ceacory ava tabulated setentdfie Lnj0)ma!7ou pulldahen: n v
J‘rwu—u.nluw uuL amzlm” mJumﬂwvm

Because 1heue was a paucity of Events spec:fnca]ly oriented toward
science, yet it was recognizcd that. many- of the tcchno1og|ca-ly oriented
Events showed contributions from science, de‘nbera ‘e altempt was made
to reconcile thlS apparent dlscrcpancy through a sampling analys:s. The
results of this zffort are best ‘described by the following statement:

The average performer of the XD Event demonstrated a high level of undcr—
standing of, and genera! famlllarlty with, unified- theory

Thg initial observation was that the englnecr usually relies upun
such scientific knowledge as Maxwell's equatnons Ohm's law, thé Nygquist
-stability criterion, Boyle's laws of gas dynamics; and Newton's laws.
It would appear that the engineer remembers and uses algebraic. expres-
sions, general solutions ‘lu differential equations, or simple graphical
techniques that he encountered in college, but does not seém concerncd
wrth the deualls of the underlynng ‘theory. : o

Thus -it is the form in which scnenllfuc Knowledge is made available
to the englneer rather than other charactorlstncs such as the age of the
knowledge, that is |mportant A sumllar conclusion regarding the mos!
useful form of scientific knowledge is drawn fram an obsérvation that
the enginecr uses, as typical text references, the results of »ci"nlific
or technologncal re<earch thal "have been condcnsed and prescntcd in cas
ly handled tabular ox graphncal form -

f
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Tu i?fti\{:.sh fr-the deve fopae .!t ni the tiehd enhanied, toge
dmtﬂ!y t;nnmr,,nu: xanﬁk;sy:mnnsnw;f;kw.xucé fre phe SEC vidicom
{tvent 0‘;}? . i;. W, Goctre, ol Westinghause, ariu d heavily on Braining’s,
HRTR : serdoann o Vhoe b Fhooru i ST e which
amMMfa%tiwhu mr’hmnm abont a{uﬁ&ﬁy Nmannwtiﬁ!fuwﬁn**nﬁ
Starting with the work of l:wnudtti in 1900 amd terminatiog with that e
S Wecher o 1901 —deapite cthie fact that Goetze hime T v fdeat ified
Tor Fater work in this carea {between 1964 and 1966} )

“Similarly, the designers of the strip-] ifrat_:-—ttmfif;irrwi e ompanent s of - ' F
the traosmitter and Troyuency synthesizer subsystems ol the AH/SES-h ' :
radar credit the Senfived of Ped-pdoade Moo Sompea wie, publichied
in ¥9§«, s having been one of their prlﬂtlgd; techmical-inforsat jun
sedrees. - This handbook brings-together, in g form usclul to the engi-
neer, the state of the art of fabrication techniques invelving selection

of dielectric and melallic moterialy, bonding of metals to dielectrics,
phsta;tch:ag i€£hﬁtq&$5 ant packaging of component assemblics. Aming
the &es:gn: sﬁgggs{eé are transforiers, wave-guide and coaxial tramsi- .
tions, %ermtaatsans. attenuaiﬂfs, ‘var: aﬁie fimers, detecior: mnunts,
power diodes, hybrid rings, divectional couplers, filters.ond antennas.
In brief, this designer's guide offurs basic technigues and practical
approaches to-the design, fabrication, measiirement’ and assembly of ahc
ma;t adva&ced str;p‘iine dev;ces for micrawave transm;&s!an. '

Such observations suggest tﬁat more new scteﬁt:f:c findings wcaid
be used in weapon systems if research managers were more conceraed about
the form in which the new enfermat:en is made evat¥&b§e ta eag;neersf

%.3.5  Finding: Hos t atzlzzed new té&hﬁ@&ogz?&& zﬂfbrmaéfan W
generated in the precess of solving problems zdeﬂéafteé in advauced or

- engima %%hg dcﬂbispmegt of weapon systems or in adbaﬁezﬁg the state ‘of
the art of generie technologies csmm&a?g assoeiated with brea& UEQS"ES
of weapon syehams.

. ﬁetzwats&a of the perfermers cf research in teehﬁniagy aan be aias-
srfaeé fn three broad categarses'

{}} The objectswe was a requ:remeﬁt cf a specsf:c system er
end-:tem &ev:ce* , :

{2} The ob_;ective was ts sattsfy a recagnized geﬁer;s techno-
Eagsaal requirement; or’ S

{3) Thera was no edentsf;ab?e abject!ve sther than the ées;?e .
‘ to ferward the state ef the art. . . o . o .

Eveﬁts fa??:ng into the first gategery are read%ly discernible.
Far greater difficulty was usual ly encountered in separating the second
and third categories. Judgments were necessary concerning what authority
could “racogﬁtze“ a requerement how to define a “generic“ requirement
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and wh it measare il berentiates e ied” From Mrequined T B sunpecs
Lend that this o Ve vontbionts every manager ol g technalogical cresearch
[)il'i)_..;l‘.luilv.v Some Fsight Ginto s partial solution to the problen iy abfered
in timding b3, /. S

OF all RXD [venta, 61 percent h.nl o SPeC || PO Sy tem vequi e TRy
an ubjective,  The O pvuvn( divided into (a) 20 pe reent that had a4 an
ahfedtive a requirement established by one of the scapon” systems stadied
in Project HINDSIGHT -and (b) &1 percent thot were intended 16 satisty o
Ig«]lll'\lll\‘(ll in “Sonie ()lhvr sy ten (n .)ppll(.ll pon. ‘ ’

. leauly. in ?/ pcluvnl 01 lhe RXD vanls. Ihu ident itied hbj(ctivb
ol the vesearch effort .was lhn satisfaction. of a generic ll(hHUIUQILd|
reguirement. In a few cases, particulorly when the bvent involved a
mdlcrials‘n('ﬁ'fdbricalion process, the results of the research were
found to have ‘been applied Lo materialy or applicatiots other than those
considered by the research performer., For example, the vacuum=are-
smelting techniques developed for. titanium and uranium were applied al-
most directly to Steel production, and the plasma-deposit techniques de-
veloped For metal plating found use in the depositing of refractory
materials. ~ The number of fidentified examples exhibiting this tranzfer
LhalaC(LllﬁtlL. however, was not blg enough to warrnnt a, btatlstncal

vbneakoul

: .In the remalnlng |2 perccnt of RXD Events, the’qu}vaﬁidh‘wasdj

(1) a‘commerc:al end item,
(2) basic research or -
(3) ‘lndete|m|nate (usuallv for lhe rcason descrlbed above)

4.3.6 Finding: -The program of research in rEthoZogy orientedd
tewvird spectfic types of equipment has been a parchuZauZu succeauful

approach to gvn..}'abmg utilized knowZedjc '

_This f:ndlng examines a- noteworthy portnoh of f:nding b3, S Cer=
tain projects .or programs gupported by the Military Departments were
repeatedly credited with having been the source of scientific or techno-
logical knowledge used in other weapon systems.. Principal among these
were -the Army's Missile A and MlSSlle B proyrams, the Navy s long= ranga
mine and. RETORC (research torpedo Ponflguratxon) programs, and the Air
Force's NAVAHO missile program.

The commor charagterlstlcs of each of these ;ncluded the SpelelCIly

of the program's operational goals and the frcedom granted ‘to performers
to explore multiple approaches to the solution of problems identified
throughout the program. -With the exception of the NAVAHO program, none

- was intended to deliver a particular operatlonal system at a given time.

In every case management was centralized, and apparently was able to -
maintain a practical degree of balance among “the ‘diverse sclentlflc dis-
ciplines and aress of technology in which further work was necessary.
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“that weapon systenr, prosent anigue doe mandy upon the total te %mntnf;tha?
patentiab—unigue in the wense that they tannol be sutisficd by the tadke

nology developed tor commercial purpones. Ihis conclunion explasie, the
wubeess ol the dlojomentionsd progoams) o ‘ E

.
- ¥

T : IO X B
Where the application of soience or technology s Pimbred, greater
specificity in defining objoctives “is essential, Mithin the curient

ccapabilities of planaing mothods, this appeiars Lo be mont readily acoom-

plished through gquantitative desceription of knowy Yreal -wor Lo, prob b,
é\aiiml?y,» as well as in concept, the user of woapon system, must estab-
tish o dmim} with the stientific and i.v{.hnafmgimsi comsunitie, in whith
agrevaent is sought concerning the minbmum operational copabi lity taat
would be worth boying for o givas prlm_ and: the maximum dperationsl tap-
ability that Yan be - af forded at the price w;{n fﬂFG(d L tvthanEngy

. Mhen agraemﬂﬁt is- reached—-aué hure the ﬁ:scussenn is Vinited to
syxsems that are well beyond the contemporary statu of the art—a delib-

- erately advanced development program may be undertaken. Detailed designs

of several potential solutions to the overall system problem can be pre-
pared. The designs then provide the focus for a suppert;ng rescarch pro~
gram. .As long as the operational objectives agreed upon at the ouiset
are not compromised,’ the scientist and technologist can have the freedom
of design fiexibility to allow other technological compromises. Alter-
native approaches to original design are essential in order to minimize
risk and, al this state of the R&D cycle, are relatively inexpensive.
"Hetal bend:ng,“ or the commitment to hardware, -is essential only to the

) extent that :nterface problems can be h:ghiaghteé aad identified.

The value of fscused pragram ptannsng in science and technology !s
Most strang!v supported by examination of the NAVAHO program. Contempo-
rary guidance and propuis;an technologies, to name just two, were tom-
p!eteiy ;nadequate to provide the first-phase NAVAHO missile, which had
a minimum range of 300 nautical miles. “Although inertial, radio-lnertisl,
radic and selest:ai-iaertiai guidance techniques held promise, no ap-’
proach guarssteed sacaess. Further, the different guidance approaches -
placed dissimilar requirements on the missile's: flight profile—~anywhere
from essentially censtast-aitituée aercdynamic to fully bailistic~~which
in turn established requireiments for coasiderably different rocket or jet
engines, none of which were within the state of the art. In'a similar
-vein, dependently variable requirements were esteblisheé for other parts
of the a!rfr&me and graund sapport equspment. ‘ ,

, The Air Force appraach to thas saterp}ay df‘reqﬁirement* was to
provide specific hat very generous scientific and technological objec-
tives,-.and the relevancy of the science and technology generated by the
NAVAHO program to other ﬁafease problems is fully attesied to by the
widespread use of the new know1edce.
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- Ihe Tslory of the I\nny S Mivsile A and MI".Il( 8 vplUg}lulll')»i‘, quite
similar, Ihd |v,u|t. Wl md”llx»llﬂ din s bedst thee LARCE miseile yg-
Lem and very Tikely Tin othii: synttmu noL Cyet shadiced Ly pln)cgl HINU-
SIGHL. Another advantage ol o type cquipment-opiented Malageine m i
demonstrated incFigure L he chronotogy of Fvents leading to Lhe Mar b
56 and S mines. Clzn|\y the technotogy - was developed inoan urd(lly

tashion, easenliolly”al Fothe-yeguisite kndwledge béing' qulldb|v|n|(n
LWy e dn sdein the end item, :

Anot ber indlcalur of the value of focused program planning in <=
ence and technology iy provided through analyzing the rate ol knowleédge
accretion:  Forthis purposée the-studied systems were divided into 1vo
classes: | T . L R

i
(1) Tho>u that WLnt Lhrough a rvlalvvuly extended preproto-
typc and prototype dLVblome“l path—or, ‘at ‘least, for which a system-

" concept approach was adopted in Lhe formu]atlon ol research and explo-,

ratory- dPVe]ument plugrams, and-

(2) Those that were. dev;loped inan essentially one-step
process, *rom technology base to final system confnguratlon

Typlcal examples are the Mark 56 and 57 mines {Figure ﬁ) for the.
flrst and the LANCE missile system (Flgure 3) for. the second.-

All ‘RXD Events associated with each- system Wlthln thc two classes
were analyzed: to determine when they had occurred, in terms of how long
before or after the system's engineering developmcnt began. The re-~
‘sulting data were displayed as in Figure 13. The potential advantage
of using an end-item-oriented, systems-analysis approach in formulating
long-range programs. of sclence and technology is clearly scen.

The title of Figure 13, "Technical Confidence Level,' was chosen to
point up another :advantage of focused plannlng The RXD Event is gen-~
erally associated with a scientific or technical problem (see finding
4.3.2),  Thus Figure 13 suggests that there are typically three times as
many unsolved problems at the start .of engineering development when the
preceding research programs in science and technology had not been the
subject of focused plamning.  If it is assumed  that the probability of
finding timely, acceptable solutions to these problems follows a Gaussian
distribution, -the reiative technical risk is nqt 3:1 but the: Naperlan
anti Iogarithm of 3, that is, 20:1.

~n retrospect, some reasons the weapon system approach to research
planning should be profltable are obvious. :Coupling the research and
applications-engineering communities is the natural consequence of the
process rather than an afterthought. By being responsive to the identi-
_ fied needs of ‘the apnllcatlons engineer, the research community's ‘in-
terests are focused in common with those of the marketplace for research
products. :
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tooworethan 84 pereent of the tedhnologivale | vents, Hae fudiviing .,
responsible tor the accomplisdment sredit o particular application-
engineesing group wi th: having oiiginagl 1y desor ibei) the probiem. The de -
sriptions ot the remaining 15 percent ol those, Lventy, back deflinitive
intoreation reqarding the problem’s soulces The natmie and adequacy of
The commgnication path are selt-vvident, - ’

With respect tu the dilenma ol the manager of “a technological -
Search program who must decide whe ther o ot a given project shwuld b
undertaken as aencric vesearch (Finding 5.3.5) ) it appears thal somc
help is offered by the Finding that iheresisavery high correlation
between ulilization ot rescarch results and the fact that the ueer had
First stated the problem.  Certainly it suggests that the uselul author -
ity Tor defining a requirement is, in most cases, -lhe applications
engineer. : ’

“Although gpplicalions enginders suggested the problem toward which
research was directed in over 85 percent of the Events in technology, -
the technical initiative in proffering. the solution in 72 percentof
those Events came from the group performing the research.  In the re-
maining 28 percent, technical initiative resided in the applications-
engineering group or was shared by both groups—or the information was
not available. - The dominance of the cases in which technical initiative
was taken by the performing group is so overwhelming sad the data con~
cerning the remaining cases are so indefinite that further resolution
appears to be pointless. The characteristics of the performers are.
considered in section 5. - S : Co

During the pilot studies preceding thoseof Project HINDSIGHT, it
was' noted that successful performers—in the sense that they achieved
utilized results—were equally successful in quickly obtaining necessary
funds and other capital ‘resources. ' Because this quick funding appeared
to be atypical of DoD research support, it was suspected that the obser-
vation was significant; consequently, a deliberate effort was made during
the Task | studies to gain guantitative information on funding delays. -
The results of this effort were hot satisfactory. :In very few cases
was there such a'delay in funding that the peiformers remembered and
mentioned it—or this may be the consequence of a selective recall
difficulty.. s ' S -

The Task 11 stUdy'per50nnET*are continuing to examine this matter.
Subject to what would now constitute a surprising finding by. the Task 11
team, it should be concluded that; to achieve a high research payoff,
timely accessibility of capital resources ‘is equal in importance to Lhe
recognition of 'a need and the existerce of a source of ideas, together
with the communication coupling between idea generators and users.

b7
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tinding .4/ disclosed that the teseardi-utiHization futton we
high when the applicatiom eaginece establisvhed the research objectives
tur the petforming qroup. This daplies the concomitant exintence of
youd commanications between the twe gioups.  Available duta do not de
soribe the selative trequency with which any of the several possible
compunications Tinks are used oy indicating :vquirvmtﬁ‘,. But the date
du prosent g pattern with regurd to communications in the nppty.;?tr dirve-
tion, that is, the passing of rescvardh resulls toward the eventual uuer,

Table Vi shows the findings in terms of the several dlavses of re-
search or exploratory devetopmient previously described, and considgrs
three general classes of communications Pinks: the informal peeuon-to-
persun contact, the published scientific or technical rgpurt and the
pinf@a&l@ngE seirinar or symposium, :

Table VI. MODES OF IDEA TRANSFER

T T T Personal Publication Seminar or
RXD cetegeryf< contact {2} or *epart {&, . symposium {#)
RES?&?£§ {R} ‘ : - AR o83 - 2
Exg?erata?y de¥eiepmest s I ,

XD ; .64 . 33 3

‘XD (deszqn} i 2 - .8

XD {mfg.} . i .23 g

tote: Figures are percenta%es of The vesearch class (horizontal vows)-

Despite the fact that the prefessianai mest1ag embodtes some of the
characteristics of both the other.links—generally a published technical
report is presented, and there is at least an opportunity for person-io-
person interaction—it is seen to be the least often cited. Publication
is clearly the dominant mode for the transfer of sclentific Information,
with a transition toward Informal, person-to-person communication as the
specificity of the iechne¥ogica¥ infarmat;an increases.

1t 'should be noted that the data presented in Tabie ¥l consider
only vne attribute of the seminar or symposium. The true worth of these
" meelings is not measured, principally betause we sannet establish how
many va%aable personal contacts. resulted frnm encaunters at. such meatings.

§i¥m9re} Gouié aad others studied the flow channels of technical
information utilized in commercial firms. The results they have repnrxgd
carrobarate severai of the f:ndtngs ef Pro}ect HINDSIGHT .Y

hsahn S: Gilmore, wikiiam S Gould, e: aa., The f¥digc§s of
Sorlnolo e fepuilsition in Comneveial Pirms and the BASA Daeosihcd o
Pro. g {ﬁeaver, Cnlaraﬁe Denver Research tnstitute, NASA CR-790, }un?

1967) .
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With rogard to the targe technical meetings, they state:

Conventions, conferences, sympo-,iu, and Lrade shows were
hmhly hmlu‘d channe by ot oo muieis fone o dr fopea!

et Son ot g e as s for Lhe nppuulunlly ty meet and
L‘XLh‘lH(]I:' mtnrumliou with collvagues and 1o inspect new
Cproduct displays.  Many individuoals guestioned indicated
that tarmal papers presented at meetings tended mainly to
sdrve the ioterests of the Jpcakv' {by boosting his status),
and that fivy tarlndl J.l'/. { to fmeludc 'nv,'-:-.-/uu G
pengd S neae el !lj&UWMllU” " litalics added.]” ’

The Denver Rescarch Institute group further reports that:.

Textbooks and handbovks fend - to be from two to five years
R R bdlind the state-of-the-art.  Nevertheless, they -
were one of the nmst lmportant seurces-of 1nformatton for
problen solving ' [Itallcs added 1

The words, "‘or more,“ are emphusuzed here because durlng Lhe HlNDSIGHT

information-collecting phase, it was repeatedly observed that a subs tan-
tial number of the most: frequently used text references were 15 or more

years old.

4.3.9 Finding: The evidence denies the comionly accep:tud igypolh-
wiv that pvlatzveZJ few organizations provide thu magorvtz ol tie
:tié zad new sczenee and tcohnologg H :

An’ analysns of the distribution of RXD Events and thelr rate -of
production according to performlng organi’atlon reveals two principal
features: Over half the identified participating organizations produced
only one RXD Event, and over 70 percent contributed less than three. In
the low-rate mode, the industrial Jaboratory, was predominant, and as the
rate of Event productioh increases the prnncupal organlzatoonal contrlbu-
tor shifts steadily to the in- house DoD ‘laboratory.

Table V11 'illustrates the process and shows that, when RXD Events
per organization reach four or more, the'DoD laboratory becomes a domi-
nant source. : ' o ' :

These findings are entirely commensurate with those cited earlier
regarding the significant modes of information transfer, and they illus-
tratée the obvnous ‘conclusion that It is easier to.communicate technolog-~
ical réquirements within a 5|ng|e organization, the DoD laboratory re-
sponsible for the system development, than to disseminate the requ:re-

ments throughout a widely scatterﬂd lndustrlal communlty

SIiid., p. 25.

hIbid., p. 26.
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ncseaw‘?z irvestment cost be apportioned amen: all

*

in terms of the ep-

The effort o devise

s x

Taele vIL, RAIE oF BXD LVIHIE FRQU&LEEQN ¥ G'hﬁﬂ*!ﬁiiukﬁ R4
. I houe bl ) ;mhs‘ Ir tal v .:?;: o b
mmmm'ut}vﬂnt, - haboratery () xiﬁmﬂﬁhuy {} , AN
{}ﬂt . 24 i:'l H
fwo or more 31 L i1
Four or more ‘ 36 SR A7 17
Siv o more . S At 7Y “1
R tight oy more ‘ PN £ 36 14
3;; ’ %pn o mere Co ﬁa 44444 ~3n < . )3.‘!
sad ﬁniss' Fiqures are pvttvﬂt§}vs af thv yate clans {hnr:sunfﬁ. ;aw*}
'i"-; *izmlueivs sgivnce sn{i tv{.h;tt}mqy cenlers,
i 4.4 Four{h bt:aiqu I the {rud;nqs ui the Tira ;Eid{iqf indicaty a
[ 4 significant fﬂf!dnlv ol new sciente or i?Lh&uiu&g,
2 devise o value-cost index {or set of indices)

which offors o yeanditative seasure of the return
. on_investment in réscarch,
“hanced cast—»ficz.it\gum.sd of thue weapon systen,
- made- pcssmbla by’ ihz= parduaspé knowie:}c;{-

The findings {tlwant to this strategy deariy demonstrale the re-
Fiance of new weapon sys tems upon the results. of res carch in ‘camfg ur
techaology to achieve an improved cost-effectiveness ratio. Seeliun
ot this report, "Regquisité Level of lnvestaent in Research ™ gives some
qaross estimates of the relationship beiw&m the tost of research and thu
value received; but a more useful,” premse quantitative indicator for
describing the effectiveness of  investment in ;‘e-;ear{,h has not yet been

!

The studies nzade t?ms far affer sﬁme ms:gm inty the f:iCE{}!“} 10 be
considered in an equation relating cost and value.
the cosi-value index {or indices) should {.cnt;;suc.‘;'

bh. 1 Finding: Multiple uscs of f:mg}sh.m and leciie ?,rs:mu. i~
2k m, >0 f&f,:i a *fm,.tapiwaég c:f weapon systems proquire il Ll te

uﬂ'&&tﬁils} ..,zu fems O

£ o«

tiat a rortion of the tolal value aided by cach utilizdng aus Lom o

, A g:ven RXD Event may manifest :tsetf one or mare times in a ssngie
weapon system, and it may contribute to an increased cast-effect;upaess
ratio in one or more systems. Considering only the 20 systems that pro-
" vide the dota basis of this report, ot least 20 percent of the 710 Events
During the course of the
investigations it was frequently learned that the knowledge accruing from
an Event had been used in systems other than the 20 under study, In
fact, it is believed that, at the time of the
the R¥D Events had contributed to .three or more applications aside from

study, over 80 percent of




i li5:\<.li|u] wre diccusesed previowsdy bedaoe ol i tte levaie e g
The Tirst - trategy el im_p"t.'l)w which dnvolved (l(-!rnu‘ininq Th s Lot
Aotk e science o tochnology was ceguited. A Scientitie ur o tedhe
poiogica! rivance b poinherent valoe other than it urilisat i,
'-~‘..--.‘.3i.'v.': ,\d!vln'. lhvrvh-n-, i contingent not o only upon the decisions, 1o
deve lop and provure cach type o 'mu]p'ul{ syt Lem that could benefic trom
Loe neas hirow Yedge . bt upon the mabe solute Cowt v Fano Pvenosy ratin ol the
Hev s ~l-icn|4~-"_§|miv theie predeceassars, - i suggesty that thorelat (RSTALIRY
Betwecn cont and avhicved operational Copability i% not dinear wad “tay
v exponenlial, with tequinite rosearth conts ll‘.HH] lnky(.h mot e rap ity
than s -.u:(]'ui lE_{y L ' R

Anew lpn n...ll ly va wvd re l‘ll ionship bu Lween |mprnvv..4 L, complusity
ol predocessor equipment, and redative gos el ectiveness ul predeic cor
aind suLiensor ia stated dinosection /. The retevant . cur v- o I, Figure 190
W nnf i the hypntlu'ws of exponeint r..l lc)dtmw fiip:: h : o

Finding: .-laz'm Wy Semprone
.;g:‘¢t.th.h) dd(“'lmeP

This finding (also discussed in relationship to the Tirst strategy),
Lonsldered with the recognized multiple use of a given Event, shows that
only ‘a gross approach (i.e., considering the total cost ol all relevant
research) will be. medn;ngful _Further, if all research tosls are Lo be
included, the value-received. s:de of the-equation must take  into account
all weapon sybtvms that use, any part of: Lhe new science -or technology.
This" introduces ‘the ‘rotion that value -must -be .computed :in terms of the:
weapon-systems mix rather than a mean or medlan cost—effectnvencss ratio;

comes a matter of operatlons research rather than accountlng

4.5 SQAflflC Challenges Establash lhe sngnlflcance of specnflc

“Regarding oD = questions or challenges raised by crntucs
Management' o 11 of the DoD research programs. o

The derivation of such chal]enges is descrlbed in the lntroductlun
‘to this repert. - In this section, pertlnent f|nd|ngs are discussed in
terms of the’ challenges, which. agaln are presented in the form of hypcth-
eses.- , :

'% | . R .

and*the‘problem of assessing the. cost- value relstionship-in research be--




Byt Figs% ‘}“’”‘.l‘lii “The Dob’s :w;isi rements tor fnformat fon
in science and techoology can be satisficd (o sGeh an
evxtent by research supported by the Nationsl Acionautics

Camd Space Administration and the National Scicnce Founda-
tion that significant reduciions can be nmée i the
appfsaahiv par!aans ut iav Deivn&v hadgxi

o 'Fﬂmﬁq R émﬂmﬁf;ﬂrhwwsﬁ e sl o u*':%mwapf
Crated D aeupen st Lons f.&n {in: ™ ::se{f ‘r_{ Pofs Planns e preng st 4
: Less than 2 percent ﬂf Baﬁ B{EE;zed re&varah ?L&ﬂl{s “both scien- -
tific and technological, came from programs sapperi;d by other Federal

agencies, statc goveraments and {oreign gevcrnments This is not sur- - R
prising in the light of the finding that 61 percent of the RXD Events . -°ff
occurred as the result of a specific technological weapon=system require- ‘ -
ment, and that 27 percent were the result of research conducted to sat-

_isfy recognized generic technsfog;ca requiréments of broad classes of B
weapon systems. Of ‘the remaining 12 pércent of Events, 9 percent were : g -
the resull of scientific research, most of which was oriented toward )

‘Defense problems; and 3 percent. were fer the solution of comercial prob-
lems. - : :

Relatsveiy -ftt¥e aad:rected research (as defined in ?aﬁ%e 1o
in fact spansereé by the DoD. The larger part was found to be very
relevant to mission and therefore likely to he of gr;mary vai&e ta asers 5
havsng quste srm:ia{ reqniremeﬁts.~ o . L ’ ‘ i : .-

Gursﬁg 1946, the start:sg po?nt of the per:od studaed by PFQ}&Ct
HiNDSi&ﬁT the Military Departments invested about $¥}5 mitlion in the
categories considered here as RXD. At that time the aavestmeﬁt by other %
Federal departments was negligible. ‘As noted in Apanﬁlx F, military )

‘spending increased steadlly and gradually to $1.5 billion in 1963.  Com-
paratively significant funding in these areas by other Federal depart—‘ L I | ]

ments or. by industry did not appear untll late in the 1950s. Their - ¥y 3

expenditure rates Increased more rapidly than the DoD's, so that by 1963

the other Federal agencies were spending about $6.3 billion on sc;entzf;s -
and technical ;nvestigatieas and industry, about $2.1 billion. As'a ‘
result, for the entire period from 1945 to 1963, the DoD-spent. ‘attogether
about SIG billiony aen-sefense expeﬁdntures for those ¥ears tcta?eé $6
b;¥¥:on.

. %f the process nf technological grewth ware truly rendcm‘-that is,
indeperident of users' requirements—Project Hi&ﬁSiGHT should have found
that a much hrgher percentage of RXD Events were funded by non-Defense
organizations. ' Because of differences in starting time and growth rate
of the two funding categories, a ratio of 60 to 40 percent would not be ,
Tikely, but it would be closer than the observed 34 to 6 percent. ‘ b,

This discussion and the ratios ssggasted,rciate‘ta all funding ,
sources other than DoD, rather than to the other Federal agencies alone. -
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While it s departure Jrom the true intent ol the hypothesis, the dise
cussion provides o betier (amd St intellectus iy consintent) basiy

tor analysiys. HE demonstrtes that the words science and technoloyy are
convenient artifices.  In fact, it would be more realistic to spesk of
thelmany scivaces and l.ghnnlnq:u‘. The particular field of scivnce or

technotoyy thiit iv important to any user nved bear no simidarity to that
of “another user, but socicety for convenience has adopted those words o
generic terms to signify the many sciences and technologies thus cate-
gorj fze(f- ' ‘ '

- Thus. allhuugh both Defense and NASA may be said to conduct Scien-
tirtic and technical investigations in an area Lermed rocket propulsion, -
for v\amplu'.ll cafinot be concluded that their work i< duplicative o
even ubefully pomplemenlary Onu wight suspect Lhat, .as Tong as NASA is
|nteresled in Clblunal ‘xploratlon “the refated equipment and propulslon
lechnologles will be qui cmllar to ‘those associated wnth ‘the DoD'
satelllt; and ICBM Syste ' ]

Ienge' The currently hlgh level support
“of - ba5|c Work 15, producnng scientific and techro-
‘1oc lnformat:on at such a rate that it cannot be
ff ely digested, interpreted, disseminated or
fputlto,practical use. '

T Findlbg ‘ The avazlable znfbnmatzon is bCLng adequately
’oc'cast but 16 insufficient, despite the Zevel of bxpenaztures, to
quf Ty -all. requzrements

T.Were thvs allegation true to any significant extent,-tﬁere would be
a very low probability that the result of any given research effort
would have many uses in different weapon systems. |In fact, over 80 per-

~ cent of the RXD Events are believed to have contributed to three®or more

different weapon systems, and those systems generally were. developed by
different engineering teams.

Figure 14 summarlzes the time distribution of the utilized RXD
Events shown in Figures 1 through.11. The data have been normalized to
the dates of system design, engineering development, or .first production
contract, Approximately 33 percent of the requisite new scientific and
technological»inférmation is seen to have been generated after the nor-
malizing date, and to a considerable degree was paid for with engineer-
ing-development money.
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Notvonly T the hneration o techiodbogy catrent by innul tivient tog
Prosent requer aents bat Uee amount of new scientibic and tevnne i

Roowledge vog red Tor an incremental improverent in“opecitiongt apati 1+

Py b G G edne with the! Complexity o1 Che weapetn wyh b i 1)
suggestsT That -ascons tant budget 4o the military: s ienoes conld te
inan increasing deticiency in hneuledgesan Ui potses.

honod dhicd chailbenge:s Depat tment of - Bedemnse managemc-n
Gt Fenedt Che i Seience and Le bne vy, in trder
tosbe tully etteciive, must make comparat ive coor-
cllectiveness analyses tor-cach separately jdenti-
Uiable resea l_‘\.’h vifort.

hon 30 i;igdinq: Bep e

Vo v el IR

In this challenge; the offectiveness of the manageiient excereised by
the Dob over The militarysscionces budget category is questidricd, yiz.:

Improved managemicnt and critical sélection: procedures such
ds” those which are being applicd' to conplex'and costly
weapan systems could well dnd profitably be cxtended to
the supporting efforts included inithe "Military Sciences™
category. : R - L

Generally, the synergistic consequence of hundreds . of identifiable
advances is the basis for a markedly superior weapon system, rather
than one, .two or three important scientific or technological contribu-
tions. . ' ) S :

. In order to apply a cost-effectiveness approach, il would be nec-
gssary to describe fully edch combinztion of advances that could permit
a future system, and then compate the combinations. The:task would: be
further complicated by the multiple-use potential of the individual re-
search effort. The ''shopping lists" for all considered weapon systems
would have to be compared. before the most "cost-effective" research pro-
gram could be determined. 1L is suspected that. the expense of such a
procedure would exceed the anticipated savings, while the.time required
would cause irreparable damage to the program.

A po§sib}e alternative approach would be the development of analyt-

-¥¢al procedures to aid in allocating resources among specific tecnnolo-

gies that arc:important to Defense.' The feasibility of such an approach
is suggested by ‘the finding that certaln technologies appear to be unique
to the DoD. It is reasonable-to-expect that the military services could
idenlify and rate their future required operational capabilities, that
those capabilities could be reexpressed in terms of future desired mili-
tary equipments, and that-scientific and technological advances to enable
developing those equipments could be identified.. Then, it should be

“possible to introduce economic marginal=<return analyses to assist in

decisions on resource allocation. - .
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Bosigning steh o proceduie appears to be within the warrent state
of the management art. s implementation wonid be generatly convisient
with the Project HINDSIGHD Tindings in regord to the selection of tes
sedarch tashs. ‘ ' '

Undoubtedly, in an activity os large ao the Dobfs revearch progam,
there are some marginal tashs. At best, the suggested management ap
proach could climinate some of them, ot the same time iotroducing o rish
suggested by the following finding. : '

4.5.3.2 Finding: A afgnificant moeder of ooy fogpes oo
RS I TR ot fron sonrecs other. fﬁd?f:%?ﬁfaﬂyfsﬁfﬁrfs
sapeels,

S
defenridis

'- £
Poanitod

The investigation of a sampling of the RXD Events discloses a

fairly common pattern. Buth the producers of the utilized scientific

effort and their conteiporary peers were aware of the avenues of explo-
ration that the others were taking. The disagreement by contempurary
authority as to the merit of the approach that eventually found use was
so marked that the successful performer broke with his peer group and
secured new funding. More than anything else, these examples point out
the necessity for ens&regg competition within bureaucracy and the abso-
tute essentiality of maincaining decentralized funding authority, or a
multiplicity of funding sources, for every scientific discipline and
area of technology. The challenge suggests a diametrically opposed move.

As a result of decentralized planning throughout the time frame
considered by Project HINDSIGHT, 67 percent of the requisite new knowl-
edge was available before it was neceded. Since it is recognized that
the saving to the nation as & consequence of this new knowledge exceeds
by orders of magnitude the total cost of the research program {ses sec-
tion 7), the real measure of the effectiveness of research management is
the degree to which new knowledge is ava:}abie when ﬂeeéed

ﬁ.S.ﬁ Fcurth cha%?eage‘ Slgﬁ:f;cant gortlens of the
: Defense research program may be: operatiﬁg at or
near a point of marginal retﬂrns.

The analysis presented in this report is b&sed in 710 RXD Events
identified by studying 20 weapon systems. It is estimated that a more
exhaustive study of only those systems would have revealed an additional
L00 to 1000 Events. The median cost of an RXD Event was $45,000. An
average additional cost factor of 15 was found necessary lo carry the
median Event from initial demonstration of feasibility to {eadsness for
appltcat:ea .

Recognizing the weakness af taese f;gﬁrcs for anything more than
order-of-magnitude estimates, and assuming that there were only 1000
Events in all, onc caa place the cost of the RXD Events for these 20
systems at opproximately $600 miliion out of the estimated total of
510 billion invested by the DoD In research betwcen 1945 and 1963, The
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I the ae .uuus-dl location procedure suggested in the discussion
ob- finding G503 F wet ¢ o Be devie toped “arid - fplemented, submarginal
FESEarc tnk. u)uld be jde ntli wd in a suu\cwhut less subju(LfVc fauhion.

'h.b.b; Fiflh'thdlluﬂJe' Th( support of SLILHlIflC research-
S thie universities; By the an and at current -
fundlnq tovels, 5|gn|fuuanl|y affects the dvaulab|l|ty
ol lln' bvsl ldcully Ldleut o lcdcls sludLnls

0bv:uus|y, any OLllVlly underlakLn by a professor oter lhan

“tedching or counseling the -student: body could detract from his .primary

work simply by reducing Lhc time available for it, But it is generally
agrecd ttal the professor must coiitinue to do—or to direct—research in
his chosen-arca or risk having ‘his seientific- expertise rapidly diminish.
Thus the real concern-{and this may ‘be inferred from the challenge) ‘is
whether or not DoD-supported research actlvities at a unlverSILy have

in the balance, a'deleterious effect on the students

‘The investigations under Project HINDSIGHT do not provide a direct
and unequivocal answer to this challenge. But many.of the findings,
reinforced by conclusions of other relevant studies,’ offer useful -
insight. Findings of this Project that bear on this matter (developed
more fully in section 5.3) are summarized here:

Most important, the HINDSIGHT data show that the universities re-
ceiving the greatest amount of DoD. funds for research graduate a dispro-
portionatly high percentage of the people who later produce the sclence
and technology used by the Departmentof Defense. Specifically, the 23
universities responsible for doing most of the resedarch that the DoD 4
‘supports in academic institutions award only 25 percent of the doctorates
earned in the United States, but that group includes 50 percent of the
Ph.D.'s who have been identified as important contributors to RXD Events.
Similarly, the 23 universities most heavlly supported in research by the
DoD award about 11 percent of the Master's degrees in science and the
arts in the nation, but 46 percent of the identified COHtIIbUtOuS re~
ceived thelr degrees at these. schools.,

The fondlngs of ‘Marquis, Allen and de Solla Price,8 based on their
studies of the postgraduate education of the country's engineers, are

—— i =

. G Marquis and T. J. Allen, American Psucholortsf 21, 1052,
196F Lercl J. de Solla Price -“ls Technology Historically independent
o science! A Study in Statistical Historiography," Teclmelogy and
Cultii, £, b, Fall 1965, pp. -553-568.

-
B,

57

R -

‘_-.—._M——-»—._...‘ - -—



? ) ”‘4 ",’%:_ -

LA

A,

ﬁ

thoroughly consistent wi:h‘the‘{aregﬂigg‘éhservgtiaas, andd clearly sug-
gest that the engineer continues through 1ife armed primarily with the

science he learned as an undergraduate student. The greater his prufes-;'

sors’ knowledge of the stote of the art, the more edvanced was his’
scientific educationh. So it is not surprising to {ind a possitive cor-
relation betwsen the level of the BoD*s. support of a unlversity's re-

ysearch and. the sﬁbseqaeat useful pfaéutt¥vzty of its graduates.

- The time elaps;ﬁg betweea ag eag%neers ‘gradaaiion and the peak of
his productive work—on the average, about 10 to 15 years—seems to be
independent of his scholastlc experience. All the patterns revealed in

- this study suggest-that It is a function of the rate of the individual's

contact with actual wsfkiag problems. At this é!staace from his last
significant exposure to science, the engineer has learned enough about
typical problems and thelr technical solution that he can solve a new
technical problem on the basis of that experience and has kﬁowieége of

science.
in brief: ALl observable qﬁ&nﬁiﬁatéﬂe measures deny that there is

any great substance to the ehallenge that DoD-supported research in

universities has a generally harmful effbet on the studenis at those

ingtitutions.
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b ADDITIONAL FINDINGS

CCThe primary datd base of Project HINDSIGHI consisty ofs 710 discrete
Eveént descriptions: in the presoribed tormat (sve Appendix €} and 11 de-
tailed biographical ‘shetehes of- the performers involved. " Of the bvem
descriptions, b8k are completein“all essential detailos. 26° are adequate
. to support only a portion of the analyses.  The Tindings presented in
section b gre those considered most retevant 1o the guestions cutlined -in
soctions | and 2 of- this report, but: the analyses on which they were
based did ol exhaust the potentials of the accumulated data.

In“this section and the next two, this information is considered
further."Fifs(;‘the'data‘are'dfsp1ayed,.and where possible correlated
with the findings of other reported researches, ond some inferences are
drawn. Sections 6 and 7 contain additional inferences regarding the
nature of “a high-payoff reseéarch environment and future Defense require=~
'mgpté_for,rQSeargh_funns;”f - EE T T S

5.1 Quéliﬁyjééjthe Dat51 __:5

élj;l; Un%fprﬁ?ti5f_Desp?té éffbrfs‘tb maintain uniformity in the

_data base, there is a considcrable amount” of unevenness ‘in the more sub-

“jective areas. Problems arose, for example, in-separatingthe really
inventive activities that advanced science and technology from more :
routine engineering work barely within the state of the art. Consensus -
of the study teams was the primary criterion for screening the activities
in this regﬁéct;';A‘reviéw by the Project Director -followed, resulting
in the rejection of 2 to 3 percent of ‘the Events surviving the first -
scrutiny.  Undoubtedly,. another independent review would have -somewhat
diffgfent'resq]ts.:; r - w e o S -

“Also contributing to the data's lack of uniformity was the diffi-
culty met in ascertaining the precise terminal point-of ‘an Event. By
‘definition, an Event términated at the instant feasibility was first
demonstrated or validity proved. - In practice, :Judgments about what coh-
stituted proof of validity differed widely.: Because this problem was -
never satisfactorily resolved, the distributions of Event duration and
cost were .viewed in the data analysis as only generally indicative of
the situation. R T e e R

5.1.2 ‘Nature of the Events: Although each Event was considered
-unique, a preliminary analysis suggested that it would be possible to
class'fy most. of the Events by type with a relatively limited set. of
descr ptors: To this end, 15 descriptors were selected; -and for each
Event it was stated, "'This Event advanced the state of the art by ‘the
apptication of . . to_ for” . . ," employing the three ‘ap~
propriate aescriptors from the following list. = .= :
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DESCRIPTORS FOR CLASSIFYING 1VINIS

Hesvarch New function
Mathemat icsy . Poutablished function
Natural phenomena Hanufacluring {process)
Specific function . Equipment
New techaigue . ) < Analysis
Es{abiTShed technique . Design specification
- New material , Theoretical validation

Esiaﬁlished material

Thg Laastqatat dsstrnbutaons were analyz;d w;th the following
indications:

5 1.2.1 Scientific Events: Aboul 8 perecat sj‘ak: Foinds
invelocd isecoerics or advances artstng from seienbific imwestigalicns.

It should be noted here th&t é ¥er? r%ééroﬁé definition of ' sc;e&ce“

is used in this report {see Table 11}, For example, it is nol synonymous
with the Dol budget category “research,” although there is a useful ‘
degree of similarity. In interpreting the significance of the $-percent
figure, however, it is more jmportant to know that, even though the
Event occurred in a university and the performers might normally be

“called scientists, if the aature of the work tended more toward fechnol-

ogy than science the Event was categorszed as techﬂs}ag:cai.‘ This par-
ticular finding, therefore, says nothing about the relative value af
scientists vs. eaganeers or of an organization's scseﬂse and enas ‘siring
ée;srtments. : - :

&eceatly the Departmerit of Defense baéget for research has beea

;raughly one-third the size of the one-for exp%aratary development. |If

there is any relationship between a program’s size and the number of
utilized results, the 9- to 9l-percent ratio of scientific to techaeiag—
ical Events—rather than the logical 1:3 ratlo—suggests that, in prac-
tice, a considerable portion of the werk funded by the ﬂe& as research
is in fact technology, not science.

5.1.2.2 Materials: The déveiapweat or applzcataoﬂ of new
materials was the subject of slightly over 30 percent of the Fvents.. Of
those, about 3 pereeﬂé actually resulted in the creation of a new mate~
rial. The remaining 97 percent dealt with the exploitation of a new
material's characteristics (a) to permit the use of a new mamufacturing
process (13 percent), (b) to enable the development of a new device
(16 percent), or (e} to advantageously replace an older materaaz for
reasons other iﬁan marufacturing economy {68 pe?cent}

For example, the last category might include the replacement of
germanium by silicon in solid-state devices, or the use of aiﬁmanum in-
stead of steel in the carriage of a howltzer.

in generai, this finding cieariy dﬂmnnstrates the importance of
materials research in the advancing of technological capahni;te. The
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‘dlslllbullonﬁ within ths 30 percent of tventsy, however 'squest thut

Sefforts devoted (o gaining o complete undvrstdndlng of all LhdrdLlLF“
istics of a new material and to ensuring that thiy knowlcdgt was videly
dn»lllbuted throughout the ongunecrlng Lummunxty would be more useful
than allcmptb merely to seck another, somehow fmproved mutcrlal - Ob-
viously, a commensurate reuummcndallon vould be stated in terms. of'
relative emphasis rather than a choice ot alternatives.

5.1.2.3 .Funclions: In determining whalher the consequence
of an Event was the ability to accomplish a new function, as opposed to
improved ways of performlng an eslabllshed functlon, i1 was necessary
w use’ deflnntlonal criteria.

‘ In general If an o]der devuce or technrque could have been used
to achieve Lhe operational characteristics set by the engineer—even at
a higher cost or with sllghtly less” rellablllty-lt was held that the
Event merely offered better ways of executlng an established function.

‘Converselv _if the Event resulted in a higher level of capability than
exisied before {e.g., greater power output by a radar. . transmitting tube,
higher specific impulse of a new propellant), the result was considered
to be a new capability., . : -

Within these broad *rzterza, the 1nventzon of devchu or- tech~

niques, other than through the exploitation of a new material, accounted
. for 33 pércent of the Events. About 75 percent of these made possible g
new- function or offered a new capability;. 25 peveent offered improved
ways of accomplishing an established function. These figures suggest
that, early in the engineerlng development of a system, about three times
" as much attention is paid to meeting. performance specifications.as is
given to lowering cost or increasing .the system's reliability.  The data
would therefore support the hypothesis that, :at the time of engineering
development, most. advanced _weapon systems are at or near the technologl-
cal state of the art. : : : :

5.1.2.4 Design: Ihventmons, or concppts, znvolvzng ap—
proaches to system or subsystem deszgn were the bases for a litile more
-than 4 percent of'the Events, or an averuge of about 1.5 Events per
SJstem sbudzed AR

in the oplnnon of the study teams, thls suggests that the funda-
mental concepts . .underlying these systems and major. subsystems did not
differ greatly from those on which other. existing military equipments
of ‘lower performance were based. The main conclusion ‘is that markedly
advanced new weapon systems emerge as a consequence of the skillful
selection and.integration of many innovations from diverse ‘technologies,

which combine to produce the performance demandrd.. It is unlikely that
such weapons would come. into belng as the result of the mythlca] !'great
new idea." _ - _
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5.1.2.% P:uh%vm ﬁgg_yséx Almost 1 percent of :hvyivents
evidence a different But not necessarily unexpected haracteristic

They appear to. Lﬂﬂ\!ﬁ% of analyzing problem in detail and coupling the
results with an almost morphological survey of qu:i&b}& techunotogics in

order o Find a useful 5ala{§an None of these [vents can be described

as ¢ periad of r:vdirvsty followed by the test of an idea that came ;n!o
'bccag d&:s&g that period.” The Eﬁgeﬂﬁfty observed in thiv ¢lass of

Events 'is revealed more particulariy in 2he franiﬂg ané aﬂa}ys:s ef he
preb¥£m than in the eventual’ sﬁlut!nn.

: ?hifasapzcﬁ&fiy, the activity described would seem to “~Yiow the
common concept of engineering more closely than the finding 5.1, 2.3}
that some 33 percent were ‘inspirational ‘inventions. if the data had
been structured somewhat differently in this portion of the report, many
Events included in the discussions of scientific research {5.1.2.1) and
materials - tS 1.2.2) would also have consisted of analys:s followed by
solution. " In fact, that may bes 2 more typical description of - aa Event
‘than the one chesen for the HINDSIGHT study {see Apperidix B}. 1t cer-
tainly is easier to understand the high cost of scientific and technical
research when one- apprec:ates the tremendaﬁs amount af anaiysgs and -
searcﬁ tnva}veé

5.1.2. 6 cher Events.. Finally, 11 percent of the Eweﬁts
lack any obviously common characteristic, except that each iave¥ves
some amﬂunt cf creattﬁity or fﬁgeasity .

)

S i. 3 CQnteat of-the Events*‘ The Events can also be’ usef&liy cate
gorized in terms of the primary scientific or technical area Involved.
Since the weapon systems and egulpments selected for this study are gen-
erally typical of those that-are Important to the DoD, it may be conjec-
tured that a ranking of the sciences and technologles, in terms of the
frequency with.which Events occurred in each, would glve a measure of
their relative importance in, at least, the Immediate past. The Field
and Group Structure’classification code and descriptors of the ‘Comm! ttee
on Scientific and Technical Information {COSAT!) were used, w;th the

resaita&t diszribﬁticn shown in Tabia Vi!§

1t caanct be cenc}uded from thsse data’ thst eiectraaics is more
important to a missile system than, for example, propulsion, navigation
or communications. In the absence of any one of them, the final system
would very likely be inadequate. Because each Event involved skilled
people, however, the distribution In Table Vi1l suggests the relative

_number of scientists and technologists that would be required In each of

the areas iisteé'ie maintain a ba}agced hase ef~p?sfess§caa§s.4":

3&3 SATT Subgect Cat:egary Tist {EsB—L‘n:ﬁemiéa} {‘llashsregtan D.C.t
pefense Documentation’Center, Defense Supply Agency, AD-624 D00, Decem-
ber 1965). [COSATI—Coimittee on Scientiflic and Technital iaformetscn,
Federal ﬁaanci? for Scieﬁce and Technology.]
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Table VIII. SLIENTIFIL AND TECHNICAL AREAS OF LV[NTS
FREQUENCY,: OF . OCCURRENCE o

Area ' : AT %

Electron1¢s -------- B el 25,
Drdnance------=-ce-mmemmc et e oo 12.
Missile technology---s====comrecmmmmcmmaamao 10,
Propulsion and fuels-----~--ecmeaccmimacneaana ‘9
Aeronautical science--=----=-s--msfoocmnvmmenoanas 9
Materials science--~--r----==---~ i
.Navigation and communications------- mem—— ammes b
PRYSICSommmmicm e mimtmmmcm o fsmde e i mm e hans B
Mechanical and civil engineering---<-veceacacas -3
Methods and equipment-e-caeeeno T LTRSS J
Behavioral science--=eemccomeccmommimmaaaaaa o .
Chemical technology-=s=-=- -ucenccca D L 1

. Mathematics--esceammusm el el i ]
Nuclear stience----r--mnim—onmmommoacaioconan

- -.Biological science---~-~= P 0
- Atmospheric sciance-- - 0
- Military sciencerreecescmamcmnanninantuneaaa " 0
. Energy conversion---===-=<-r-ecccicmcanmemmneal [,

'.5.».:.’mo~;uiwno—imwﬁ4>\ixo\bmwr\>' )
. N .

5.2 Motivatfon for the Events

, In thls ‘study, motlvatnon is defined in & very narrow sense The
objective here was to ‘ascertain what recognizable ‘influence, ii any, led
directly to the creative act’ |dentified as the start of an Event, Ex-
cluded were such matters as the reason the performer was in a position .

to do the relevant work, whether the effort was sought of his own voli-
tion, what’ personal’ drives may have’ contrlbuted to his motlvation, and
the like. In th:s way, the task was conslderably simpllfned

5.2.1 Kinds of Motivatlon The "penn tted“ categorles of motlva-
tion were those shown in Table I1X. . Definitions of directed and undi-
rected reseatch are given in Tables 111 and IV._ Alternatnve!y, these -

‘categories might be more adequately described as phenomena-ornented and

appllcatlons-orlented research—-but only if itis clearly understood
that neither orientation would exclude Investlgatlons of a basic nature.
Within these’ definitions, the eight very important Events In the history .
of the trarsistor are classified as directed research because they all
occurred at the Bell Telephone Laboratorles which is obviously appl!-
cations orlented : :
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Table IX. DISTRIBUTION OF MUTIVAIIONAL CATLGORIES

?.aiej}i»‘il‘z’,.%i;“!ﬁit;?}*é.t.f_‘{“.f R

Suience:
firected research {ﬂa&} , ‘ 7.0
Birected research {non-Dob} : 2.0
ﬁﬂéireﬁted research o {u.2)

?echﬂeiagg o :
Generic {§3§~arzenteé} . : 27.0 %2
Advanced deve%egme&t or system cancept 41.0 2.
System in engineering éeve]apment 20,0 tey
Not DoD-oriented 3.0

In generic techna}agy, the attention of the performer is d;rected
to a broad spectrum of functionally similar, general-purpose technologi-
cal building blocks. Examples of this class are general-purpose transis-
tors, ferrous and some nonferrous structural materials, liquid and solid
rocket propellants,’ explosives, and printed-circuit boards. As thé
focus of the performer's attention is sharpened by the consideration of
possible specific applications suggested by a particular system concept
or by a system actually in preprototype development, the motivation for

his efforts falls satc a new categery-—aévaaced develspm?at or system
concept. . v

There is an overlapping of generic and system-coacepf "technology in
many aspects, espe:¥a¥¥y when the same people are responsible for both )
system-design and the §;onsaring of growth In the relevant technologies.
For example, there are regiess of technelngscal overlap in missile guid--
ance and radar in which it is difficult to assign an effort to either
category with any degree of certainty. Further, the performer often .
finds it hard to unequivocably trace his motivation. Thus, from 2 to 3
percent of thé Events shown as generic and system~concept technaiogy
might be shifted , :

5.2.2 cher Matfvatiuna] LEﬁkS'T In addition to determining ‘the
performer's motivation, information was sought regarding other, non-
psychological factors that might have directed his attention toward the
activity that culminated In an Event. In a very crude sense, the moti-
vation was the ebJe:L;¥e that gulded the performer, whereas tbe motiva~
tional izak is the reason he was 50 gaideé -

Tabie X presents the dsstr:bﬁtian of Events among the eight most
obvious links. The three percentage columns show the sequential partici-
pation of each link in an Event jnvolving additional acts of creativity,
Of the sevcral categories, cuntractual requirement, routipe area assign-
ment, and spontanecus Internal conception are seif-explanatory. |In the
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others, the performers were informed of the existence of o need, o1 a
poswible solution for an d'llddy Id(nllilbd problem, by way of the in-

dlcated llansic Ilnk

Table X. MOTIVATIONAL LINKS

e e : : R
Cdtegory R - Primary {$). - Secondary {£)  Tertiary (1)
Contractual requ1rement ------ RIN! 30.5. - 381
Routine area assignment------ 47.8 42.7 - oo 33.3
Technical reportemmecacccecas 14,8 - - . 18.1 16,6
Professional meeting--<----- - 1.5 o 2.2 - 4.8
Extraorganizational ’

¢ - person-to-person---+---~<---- 8,0 5.1 & 2.4
Spontaneous internal . : :
. conception-=-weemmmnsaeacae 9.5 0 0
Analysis of foreign i : o
productescmemae oo 0.5 0.7 2.4
Newly hired personnel-me—-ca- 1.6 1.4 ~ 2.4
2 0 0

No link apparent-s-cecsee-- - 5§,

The dominance of the routlne area assignment among ‘these categories
should have been antlelpated in the light of other fundlngs of this
study. As noted in connection with finding 4.3.7, in 85 percent of the.
Events the creative activity was in response to a orobiem brought from

~ outside the performing group. where more ioglcaliy should a problem be

taken than to a group of professionals who are known to be regularly
working in a technical area in which a solution is likely to be found?

"And what ‘most probably would be the nature of a solution offered by a

group that Is actlve |n certaln technoioaicai areas? _

In describing the production rate of RXD Events, Table VIl (page .
48) demonstrates that a mission-oriented establishment (the in-house =
‘laboratery), if at all involved in an Event, tends -to-be deeply involved.
Apparently, having developed expertise in areas pertinent to Its mission,
the laboratory Is brought relevant probiems by outside organlzatlons

-that recognize this expertise.

These flndlngs form a consistent pattern and consequentiy offer '
some guidance to management. They suggest that usable ideas are more’
likely to be produced if an organization deliberately establishes a
reputatlon for skill In a limited number of problem-associated technol-

- ogies, instead of diversifying its talents over a wide range of techni-

cal fields.
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5.3 Funding of Events

information was gathered with regard o two anpects of Lvent Framd-
ing: (1) Who furnished the money? {2} Approximately how much money was
involved? An Event was restricted by definition (o the Minitial demon-
stration of validity or feasibility” in the hope of keeping the number

s of funding sources to a manageablic minjmum, but even so multiple funding

was found to be o common occurrence. In fact, 20 percent of the Events
had at least two simultaneous or consecutive sponsors, and & percent had
at least three. -Dual Funding by consecutive sources apptars to have
resulted from one or more af several situations: - :

{1} The idea occurs in an srgaa;zatsuﬁ ihat ts unw:i%:ng 1o
fund more than the most superficial test; ' o

{2) The idea occurs in an arganszattcn that iacks the techa:-
cal ability to accomplish the reqnss%te tests; or : .

. . {3) ?he :éea occurs in, and Is tested by, ene srgan:zatscﬁ,
but a second organization which is urwilling to aecept those test

results funds a more deta;?ed project.

The ssmﬂltanecus fand:ng by multiple sources ;nwartably happeneé
when two or more argan:zat-ans were interested in pursuing an idea and
agresd ta share expenses or talent, or beth

Table Xi shows the freqnency wsth wh?ch tha severai séentifseé
funding sources appeareé. : .

Table XI. EﬁﬁDIﬂE DISTRIBUTION FREQUENCY

Source : : Pmmary " - Secondary - Tertiary
i}epartment of Defense=-----=-- 574 B ¥ 37
Defense-oriented industry: - AT o ' :
" ‘Specified-industrial R&D---- 18 T 1 -0
Specified profits from Lo -
other Dol contract----~~-- - 3 ¢ 0
Unspecified~--—-------mmwmm- 51 2 -0
Non-defense industry---=-w==== 3§ § 2
Non-DoD Federal]=====ave<uevu- -8 g ; , g

Foreign and m;sce’%?exneeus---r- 9

-

Table Xi! reduces these data to participation percentages on the

" basis of number of Events rather than funding level,




Babie XL INCLOTNGE OF 19 N= FUNDING,
brundiwg source
Uﬁputtmvnl of Detaiise . 84 ]

Netense-oriented nndustry - 8.6
Other industry o
‘Other Federal :
Foreign and mxxcvl]anoousi

==
coo

‘Each of the 28 Events in which thére was simultaneous multiple
funding invnlvcd the DoD as one contributor and delense~oriented industry
ds the other,  Distribution of conseculive funding partlcnpatton by
spon:o: may be |nferrcd from'Table X!. ‘Where the injtial - ‘support came
from eltner the Dol or defense orlented |ndu5try, the follow-up support
was provided by the DoD. - Where non ‘defensé’ industry furnished the
|n|t|al support it tended also to. glve the follow up support.

The “actual dollar 1eve] at whlch a guven Event was’ supported varied
from none (other than the performer s salary for a -few days up to' a

week)_to' figures well in ‘excess of a, mlllion dollars. The information

was provided by the Event performers, who generally attempted to esti-
mate, in terms of men, materials and overhead, a dollar equivalent that
would be an approximate measure of the Event's cost. These data are
considered roughly indicative of the cost of advances in scnence and

technology.

Because these estimates concerned the approximate cost of incidents
that had occurred as much. as 20 years before, and because there was
little unlformlty in the way the many. study partlcipants applied the
definition of an Event, an average Event cost-is not a partlcularly
meaningful figure. = Instead, the median cost of an Event is offered as
being more descriptive of the situation. Table Xl!| gives median cost .
figures for the dominant Event categories, and Table XIV displays tvent
cost dlstrlbutlon, regardless of source or other factors.

Table XITI. MEDIAN COST OF EVENTS

~Category e . Mediaﬁ_coét
Szience | $60,000
Technology (DoD-funded Event) 45,000

* Technology (industry-funded Event) - 33,000
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Table XIV. SfSTRZSQ¥IUN OF LVENT COST

Cost range ... %
Under $10,000 . 17.7
$10,000 - $50,000 32.6
$50,000 - $100,000 14.0
$100,000 - $250,000 17.0

" $250,000 - $500,000 6.3
$500,000 - $1,000,000 3.5
Qver $1,000,000 ~ 3.9

5.4 ldea Protection -

The flow of ideas, as well 35;;h¢i51app1§catian, may be restrained

- by controlling the information In three ways: Assigning it a pefense.

security classification, labeling it proprietary, usually to industry,

or subjecting It to the patent process. The incidence of these re-
straints among the 710 Events is shown in Table XV. Since it is possible
for an idea to be patented and at the same time classified as Defense
security information, the percentile figures are not additive. "Nor is
"Special Handling" additlive, for it is a subclass of both “Secret" and

“confidential." The number of Events that are (or were) considered to
be proprietary information by the performing organizations is not known.

Table XV. IDEA PROTECTION

Restraint . : %

Defense security classification:

Special Handling 2.5

‘Secret - « 4.6

Confidential 12.2
- -Patented 18.0 -

Recognizing that this study has identified most of the important
sejentific and technical advances in weaponry and other military equip=
ments over the past two decades, and in view of the current Eurcpean

concern over the so-called technology gap,1? these data are particular-
ly enlightening. To the extent that such a gap exists, Federal security

104, R. Lieberman, "Technology Gap Upsets Europe,” New York Times,
12 March 1967. .
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ccontrol over the flow.of lnformd(ion is obviously .not a significant con-

tributor. .In 83 percent ol the cases there was no legal Lunstrdlnl on

_open pub]lLdllUﬂ of’ the information,

The dala, of'cuurﬁe, do not measure the effect on information flow
of constraints imposed by Defense contractors, either by discouraging
their peopie who might desire to publnsh or placing deliberate restrlc-

tions on proprietary. information,

5 5 Partlcgpatlng Organvzatlons,

in the. same way’ thaL an attempt was made to curLall fundnng 5ources,
the definition of -an .Event was deliberately framed to minimize the pos- -
Slbl'-ty that a number of organizations would be found to have partici-
pated in any one Event. Again, success was not complete. -Only In 78
percent of the Events was all the technical work done within a singlé
organization. In 17 percent of the cases, two ‘organizations were iden-
tified;, and in 5 percent there were three. ~Where- multiple performing
organuzatlons were |dent|F|ed the comblnatlons lncluded the fo]lownng

.'Government |aboratory / Government laboratory
Government laboratory / university .
Government laboratory / industry”

iindustry /university: :

flndustry /. lndustry

Thus ll is. not highly Illumnnatnng to dISCUSS the dﬁstrlbutlon of per-
forming organizations in terms of percent of Events by organlzational
class. Instead, Table XV presents the incidence of partlclpatlon ln
Events as a function of organ:zatlon class.' e

;TabIe.XVI INCIDENCE OF: TECHNICAL PARTICIPATION: .
. BY CLASS OF PERFORMING ORGANIZATION

IncTaence.‘

Organization class T - (%)

Government . Iaboratory——--,-q-; ------ - 43.6
DOD- e m e e e na - (42.3)
-NON=-DOD- e e e SN S E - (-0.9)
< industry-operatet .-e-cscueaasoeaman= { 0.4)

Industr1a]—-a—-------,--s----—-+, ------- o442
profitececomaccacacaeaas ccmmmansaeese. (42.3)
not-for-profiteee-—-- —————— wmmmma (1.9)

- University----cmemocammrm e —emmew= 10:6
academic institution----—oieeomoaooo (.5.4)
research center--eamoemmcecococenna- - { 5.2)

Foreign laboratory (all classe§)emeaeee- . 1.6

oo ' 100.0
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Since lable XVI covers the entire peorod bron 1985 16 162,000 .
not g measure of the current selative Tmpoitance o] These organizot vanul
classes. The trend in relative impor tance of the Government labural oty
RHA aﬁdasi;y; the Lwo primary vontributor, over thi hhnie time frome:, v
!¥§§sts¢ied in F;gu;e 12 {page 38}

SEL{h\E* 4.3.1 noted that dimut fS percent of ihe university-
crodited RXP Lvents came from associated science and technology centers
or arose out ol recognizably mission-oriented programs {e.g., the inves-
tigations in missile base drag choracte. intics, Event HNo. 0060, under
the direction of Professor Korst, University of {1linois). About half
of the RXD Events that took place In academic institutions proper fell
into the category of those that were recognizably mission oriented.
Thus, the ?LfarLaCLd paragrapﬁ aad Table XV are cons ssté&t.

5. 6 Cant?ibﬁt&ag Sc:eatsfrc and Teahaix':a} Persamei

la trecing the histories c}f the &tihzed new science and teuhaoiegy,
1,295 people were identified as having made significant contributions to < »
RXD Events. Detailed personnel résumés were obtained from 514, almost )
40 percent of them.. Analysis of those résumés prw*des the dsstribtztscns
pre: ated ift subseqiient paragraphs. . .

Two relatively simple tests were app}:ed te the . sampie as a check
on its validity. in the first test, the distribution of résumés, in
terms of category of employing organization, was compared with the dis-
tribution of Evénts that occurred within that &rgantzat%mal c?ass. The -
resa}ts cf thts ‘test are shown in Table. X\H}. . I

Table X\iII. ﬂISTRfBUTIGN oF RéSUbﬁES AND EVENTS SY %RGANIZATISR £L§SS

£ ]
!

E}rganizaﬁan~'t}ass - s Events {?2} : Résumés {%;L
In-house laboratories . ’ 43.2 ‘ 3
Industry . " 43.8 - 53
Universities - 10.6 E 4

Other ~ S ~ 0

The second test, involving a time éistr:ﬁnt?oa study, was to com-

- pare the percentage sf the total number of Events that occurred in a

given year with the percentage of the résumés that ‘applied to individuais
who had made their contributions in that year. The findings demonstri’:
a positive correlation at the 0.93 level.ll The résumés seem to be a
usefully valid sample. The slight bias In favar cf Industrial per-
formers will be considered iater. .

115;.&earman‘s coefficient of rank correlation: -

;
65d? - : - i
r=1- where: d = difference In ranks. i l
n{nz-1) n = number of [tems ranked. ; l ;
. N ¢ )

[
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A uselul and unique characteristic of the personnel data Vile iy

“that dvery et the Jindividualy whose descriptions make up the fide

is Koown (o Inva' made. o utibized contribution Lo gefenye scivnte o

lulmnluqy [hn I\ulut pmmll‘. wselul comparisens between the IIIND‘ LGH

contr |bul\1(s dand the general scientitic and technical commmities of the

n\nn,n “The unigue aspect of- the fite is that it.offers an vppertunity -
RS lvsl a riumber of ‘hypotheses regdirding pmduchwly and the conse-

juences of manaqcllal policy actions. Such comparisons and q“dlYHt‘ are
"puosented in sedétiony 5 7 -through b 1.

. 5.7 Tducalion
Taole XVII1 shows the disiribulion\of academic degree levels aiong

the identified contributors and comparable data for the entire national
scientific and enginesring comunity,.

Table XVIII. EDUCATIONAL LEVEL OF IDENTIFLED CONTRIBUTORS

S e L Sourre of Data* - '
"Degree - - RINDSIGHT .~ NORC _SRI. . NSF __BJC.

Ph.D. 0.5 3.8 "1.2,% 38 [
* MS. o 22.5% .. 8.6% . 7.2% . 63%
GBS SLOE e an0h b
ome college -B.8% L5% . - ' L - f.
i No college ~  3.2%  14.24 {44-6% S {37%

EEEE: *Sources of data are as follows: - .
‘NORC: - S. Warkov and J. Marsh, The Educatzon and Training of
B America's. Scientists and Engincers: 1962 (Chicago?
" National Opinion Research Center, Un!versuty of Chicago,
. October 1965), p. 17.
SRI: . A Shapero, R.P, Howell and J.R. Tombaugh, 4n Emploratory
5 Stﬂgy of the Structure and Dynamics of the R&D Industry
{Men16 Prk, California: Stanford Research Institute,
L - Jung 1964), o, 3!.,,
-NSF: Ehvfiles of Manpower. in Seience and Technology (Washington,
- National Science’ Foundatlon NSF 63 23, 1963)
o p. |7ff .
EJC:  'How Many. Englneers?” E%gtneerzng Mhnpower Bulletin, No 5,
Englneers' Joint Councz] New York, July 1966,

n
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Fee CAL the Ph.D. level, data from the Stonford Kescarch Institute {SR 1)
*;T' are probably the most usequ for comparison purposes; that is, for Ph.b.
o . the 10.5 perceat identified through Project HINDSIGHT 5hﬂu§d be nempartd
5 with the 1:2 percent in the SRl column. The pharmaccaiigai petrochemi-
5 cal, biologlical, anthropol ogical and seseelogicai iields, with their

b fai&tIFL}Y heayy concentration of Ph.D. s, markedly influence the data
. . of the National Opinion Research Center {NQRC) and the National Science
T Foundation {NSF}; this condition is not significant in the SRi daia be-
P ‘ cause that related primarily to the defense aerospace comnunity. The
. equipments chosen for the HINDSIGHT stuéy mitigated against any strong
S ‘ contribution from these Ph.D.-heavy fields, so it is reasonable’ to '

exclude them entfre}y fram thas part%cu!ar anaiysis.

A At the M.S. level, the differente between the SR1 59& RQRﬁ éata is
i probably not statistecaliy siggifscant.

o 5.7.1 ngatheses* A comparisea of. the educataoaak level distribu-
i tions with those of any other source clearly suggests that the identi fied
contributors do not constitute a random sample of the general sclentific
and engineering community, Prevalence of the Ph.D. degree Is more than
eight times greater than would b¢ expected; the M.S. degree, over three

;‘? ) times greater. ‘This observation might be exp¥a:neé wholly or ;n,part

3P by one or more of several hypatneses. Perhaps-—‘ - . !
S . ‘ !

ﬁi% ‘ (1} there is & pesitsve carreiat%an between the technical ] i
T nature and the amount of formal education to which an Individual is ex- .

o : - posed and his propensity for p?ﬁd&iiﬁg knowledge that is .useful In

= defense weaponry; o -
:Q! {2} the personal #aa??tfés théi drsvé an individual to seek

5 progressively higher academic degrees are gquite similar to those requi-

TLE site to successful performance as a contrfbutar sf science and technol- .

3%; % ogy useful to Defense; or S . '

a2 o (3) the prestige of the higher edﬁcatioaai jevel places the ‘ '
: ¥nd§vedua} in a pesitien affcréiag greater epportanity to perform.

. S The principal findings of Project H%NBS%GHT {as presented in section

G 3) develop a strong case for the DoD's support of directed research in

ifz, science and technology. They do not—perhaps because of the more tenuocus
information flow and communication path between the universities and

befense engineering—make as strong an argument for continued DoD support -

i

ke of the less well-directed scientific Investigations In the academic en-

T -vironment- There are good reasons for the DoD's support of university o —
R research, however, and a quantitative demonstration of their validity is

(A gess;bie.

{}i An important part of the argument resides in the demonstration that

Af the first of the foregoing three hypotheses is ¢learly valid and better

Sm explains the correlation between degree level and productivity. The 7
il o :

ot

.o
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consequence. of BoD influence on the choice of scientific area of -concens
tration in the supported universitics is manifested by the relatively
greater portion -of those |nstilution" grddualcs who cventually makc
militarily significant contributions to- science and technology.

5.7.2 Sources of Education Among the identified performers, 98
percent ot the degrees were awarded by colleges or universities In the
United States. The remaining 2 percent, awarded by fourelgn lnstltqtions,
were almost exclusively Bachelor's degrees, B.S. or B.A. in 1959, ap-
proximately the year of the median Event considered in Project HINDSIGHT,
the university-trained scientific and engineering -manpower of the United
States was slightly in excess of 1.09 million people. 12 - 0f these, about
20,000 were immigrants who had received their education abroad.!3 “Thus,
on the assumption that-there 1s no correlation between source of the
degree and propensity for productivity in defense-oriented science and
technology, It would be expected thatvabout:zvpercent of the identified
performers would have received their degrees at foreign universities—
precisely the fnndlng ‘of this study unsofar as the B,S./B. A level is

concerned.’

The B.S. degrees awarded in the United States came from more than
70 colleges and universities. The distribution among these many insti-
tutions appears to corretate solely—and then, very crudely—with the
size of the university-and its proximitv to the industrial organizations
and Government laboratories that contributed large numbers of Events.
Both observatinons tend to support the hypothesls that prestlige, or some
unidentified personal characterlstics, account for the disproportionately

_high percentage of degreed individuals among the Event performers-—at
'least at the B.S./B. A. level

Table XiX Iists fields of techn|cal acthlty represented by the
identified XD Events and ‘'shows the relative distribution of B.S./B.A.
fields among the performers 'in each technical area.  The data in this
table clearly demonstrate a very marked correlation between the specific
area in which the person was educated and the one in which he usefully

performs. Even though degree holders in technical areas other than those
..closely associated with a given Event had essentially the same total

exposure to formal education—and presumably the same amount of degree-

conveyed prestige—as individuals whose education was within the closely
assoclated degree area, relatlvely few ''cross-field" accomplishments are
seen. This observatvon Is offered in partial support of the first

T2iResources of Scientific and Technical Personnel in the OECD Area,
‘1963, Manpover Statisties, 1954-1964 (Paris: Orgawizatlon for Economic
Cooperation and Development, 1965)

13Sctenttj%c Marpower fram Abroad (Washington, D.C.: National Science

Foundation, NSF 62- 24, 1962) .

1“005%27 Subject Category List {DoD-Extended), op.cit.
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hyputhcsls stated above——that there is a posltnve correlation betwcen the
technical’ nature and amount of formal educallon “to which dn_lnlelduel is

_exposed and hl5 propensity for’ producrng useful knowledge

Addltlonal support for this hypothesns is obtained by consfdering

“the sources of the M.S. and Ph.D. degrees held by the Tdentified per-

formers, Although the Department of Defense has supported research in
about 200 colleges and unlversities throughout the United States, the
larger share cf this support has gone to a'.relatively small group of them.
if the research efforts supported by the DoD.were close!y related to the
technical areas of defense weaponry, and If there is a correvation be-
tween nature and amount -of formal education and propensity for produc1ng
useful knowlédge,’ there should be a correlation between the amount of

Dod fundlng support recelved and’ the number ofidentified performers’
graduated. That is, the universities heavily involved in defeiise-
oriented research should be producnng a relatively greater number of
scientists and engineers with a defense-technology orientation than those
concentrat|ng thelr research actlvntues more heavuly elsawhere

Consnderlng fnrst the ldentlfied performers who have been awarded a
Ph.D.i The ‘top.23 universities, in’ terms of support’ recei ved from the
Dob for research, awarded approximately -25 percent!® of the Ph.D.%s in
the physical sclences ‘and engineerihg during the period of primary In-
terest to the HINDSIGHT study.: $lightly in excess of 50 percent of the
ideritified performers, or a factor of more than 2:1 over random expec-
tatlon, received their hlghest leve] degrees from those universntnes.

At the M S. level, a slmllar sxtuatlon existse |n thls case, ‘the
same universities awarded about 11 percentl® of the degrees in the United

‘States, but 46 percent of the identified perfonmers received thelr de-

grees from them.

As chese are the layger and generally the better known of the
American universities, .they undoubtedly have a strong. appeal for the
better students, . It is quite likely, therefore, that the findings just.

.described are influenced by factors other than.simply the relative

amount of research supported by the DoB. -In particular; the phenomenon,
'quality seeks quality,'. can be suspected of affecting the entering stu-
dent. Nevertheless, there is such a marked correlation between.the -level
of DoD-supported research and the relative production of scientists and
engineers useful to the DoD that the hypothesis of interest certainly

appears to be suppurted clearly, the’ nature of formal education !s
|mportant. . - R .

15privately requested data from the National Science Foundation.

167hid.
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5.7.1, another matter of interest should be noted. The . introduction of
this report {section i} uffercd a hypnthesis based on comments by critics
of ceria;& Dol policies:

'?hs support of sc&gntifﬁt research In the universities, by the
Deparfment of Defense and at current funding levels, signifi-
cantly affects the availabiiity af the hest facu¥ty talent to

. teach students.

if this hypotheS%S were substantially true, it would be expected that
graduates of the less heavily supported universities would benefit—that,
because the’ university devoted its better facu}ty to teach;ag them, the
graduates should have acqsired a better education and, everything else
being equal, shaa%d show up more Freqsently in stud:es such as this.
Clearly, such was not the case during the time frame in which the iden~ ¢
tified performers received their formal education. The universities

that were most heavily engaged In 808~supparteé research also produced

a disproportionately high share of the scientists and eng;neers who were
important to the EGB S .

s, 3"€uﬁs¢§ﬁénaes of bGD Support of ﬁniversity Researchi: At this . B :_
point in the ctonsideration of the three hypotheses stated in scection ‘

Farther, ;nasmuch as the ievei af DoD fund:ﬂg in sappar: of ani- ; ‘;
versity research has not grown during the past few years as rapidly as ;
either {1} total Federal support of research in the universities or
(2) graduate educatfon In the Unlited States, it Is most doubtful that
the hypothesis Nnu1d be aay more valid taday. o )

5. 8 Military 5erv§ce'

In section &, the argumeat was developed that the recognition of a
need is an important precursor to the production of utllized scientific
or technical Information. It is feasonable, then, to suspect that ex- ‘ e
posure toc the military environment might serve to Introduce an Indlvidual
to the needs of the services and plack him in a favored position to make
a contribution. If true, this proposition could become of considerable
value by -providing an additional selection criterion far emp!oyment in
thP defense research Bﬁd devefdpment :ommunity.,‘ B

in the sample of !degtif§eé perfarmers, ‘the rough?y even dlivision
of those who had military experience and those who bad none suggests. -
that, at least to a first-order approximation, exposure to the milltary i —
environment may not be a slgnificant factor. But the prospects of this ;
proposition are so-appealing that a more detalled examination of the : =
available data is warranted {section 5.8.1); morecuer, the gra;os?tica »

lu additlon, two gassibie tests for ether differences betmeen the
mi litary veteran and nonveteran populations Involve relativa educational
and age levels at the time of contribution {sectlons 5.8.2 and 5.8.3).
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5.8.1 Nature and Length of Service: If a correlation exists be-
tween military service and the probability that the person Involved w'll
produce militarily useful technology, it ts obvious that the precis
nature of the military role he played would be significant. In thut
viin, 51 percent of those reporting previous military service ciaimed
that the nature of théir assignments was such as to contribute Lo their .
future occupation. These gencral statements are substantlated by the
hlgh percentage of military job titles such as "radio and radar mainte-

- nange," "electronics technlcian," “ordnance techniclan," Maircraft main-

tenancc,” and the like among those who reported |n that dctall

~Other aspects of the veteran performers association with the’ mnln-
tary services lend further support to the argument that they are not a
normal ;:or random, segment of the population. Based on population“dis-
tributlons, approximately 10 to 12 percent could have been expected. to
be commissioned officers; in fact, 40 percent were commlssioned prior to
separation from service. OF that group,. 53 percent served during World
War |I, and 47 percent, between 1947 and 1963. Similarly, of those who

served as enlisted’ men, 56 peréent were in the arned forces during Wor 1d

War ', and L] percent served durlng the period 1947 1963.

With the exceptlon of a few people who apparently were called'into

‘military serviceé quite early In'World War !l and served untl} the end of
‘hostilities, the identified performers tended to have 2 or 3 years of

service, Approxlmately 51 percent of those with military experlence re-

ported 2 years or ‘less’; 86 percent reported 3-years or less

Thus a "typlcal" veteran performer mlght be described as a young

;enl|sted technicxan or a technical offlcer.._He had bench-level experi-

ence with military equipment and a real: opportunity to become . familiar
with special design or other requurements |mposed on equipment by the
military environment. This suggests that these veterans may well have

-gained a favored positlon which constitutes an obvious advantage.

5.8. 2 Educatlonal Leve]-Veteran vs. Nonveteran. There are lnter—
esting differences in the distributions . of graduate degrees held by

"nonveterans and veterans, the latter subdivided into two groups—-cunj
.missioned officeérs and enlisted men, These distributions, "shown ‘in
"~ Table XX, sliggest that the commldsloned veteran was more apt.to have a

higher degree than either the nonveteran or the enlisted veteran,.in
that'order. This orderlng, although not denylng that military service

“had. put the individual in a favored position to perform usefully, tends

to support . the second’ hypothesls of ‘section 5.7.1 tn fact, it appears
that the hypothesis can be extended as follows: - The personal qualitles
that drive an individual to seek successively higher academic degrees’
and military rank are quite similar to those requisite to successful
performance as a contributor of science or technology useful to defense.

During the Information-collecting phase of Project HINDSIGHT, no
attempt was made to ascertain the reasons for the differences between
the enlisted veterans or all veterans and the nonveterans. However, a
plausible explanation can be conjectured. First, it is quite likely
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that . in o number of canes, cause and elfect Lan be interchanged; that
is, it -may - be suspected that at - least some of those who earied graduate
degrees were, as students, held by théir Selective Service Boards ina

Adeferred status until abfter graduation, 8By then, many efiectively

avoided military service because of marital status, relatively advanced
age or special employment, - Second, many of the performers who had their
advanced degrees before World War 11 were draft deferred because of - im-

portant acnentltuc and technical assignments vital to the national war

effort

able XX. UtGREE DISTRIBUTIONS VETERANS AND NONVETtRANS
: S e . Veterag; I
Degree Level __Officer _ Enlisted _ A1l Nonveterans
Postdoctoral - 1.4% . 1.08 ©  1.2% N WTE
Ph.D. . - 11 5. 8.1 - 10.4
M.S./M.A. . - 25.0 . 19.6 . 21.5. 22.9
B.S./B.A. - . §5.6.. .- 59.4 . 87.3 56.7.
Some college | 5.6 - 10.3 .. .. 8.6 5.7
Technical school -~ 0 14 1.0 1.7

1. 2.8 2.3 . 1.7

High school only

N

It was noted in section 5.7 that there is a correlation between
level of academic education and propensity for -advancing the state of
the-art of military sclence and.technology in.a useful manner. The
arguments presented in the foregoing several paragraphs suggest. .that |
practical experience with military equlpments, or perhaps attendance at
one of the’ milltary services' schools in praparation for such an assign-
ment,!7 tends to give a measure of equalization. This explanation would
rationallze the generally lower educational level of the enlisted vet-

- erany who-is the one most likely to have ‘taken a course at:a highly

-specialized technical service school.  Further, it supports the hypothe-

_-sis that a correlation. in fact exists between nature as well as level of

education and tendency to perform usefully in Defense RED.

5.8.3 Age at Time of Contribution—Veteran vs. Nonveteran: An
examination of relative age dustrlbutlons, veterans vs. nonveterans, at
the time a contribution was made produces Inconclusive results. Some
veterans completed all or part of their education before entering the
military service. Others started undergraduate or graduate work after
ieaving the service. Among ‘all perfoimers; as shown in Figure 15, there
was considerable spread in age at the time of contribution. The Inter-
quaizile range of what approaches a Poisson distribution is (-)3 and

17This information was not sollcited; because of xhevknowh'tendency
of the services to give speclal schooling to techniclans, however, the
possible impact of this factor cannot be ignored.
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Mobi fity of wdientitic and tevhnicel personned can be desoribed s

several ditferent ways, There ds p;esta-',s;umd wobi by, vhe - prutensity
of g individual for crossing the boosely recognized Boun tar fes o Yeiens
titic disciplines o1 areas of ledmology {section & ‘} i}, Huie Lﬂ:e’i}i.zr

iy the Yintermgmnisational mobi Pty assoviated w:th professionsts
dovenent Trom one to anbther of the various vm;siuyv 5 of scientific and
technical expertine {sction 5.9.2). Hhere is also Yinbiaorgenizationsl
mobility,” a% g peron dmm;c'; the sature of his work within o .im*f:-
organisat fan, f.e., changes other than those if}\;{;l\fmf; 5. wniif ic ur
techaical wreas af interest {vection 4.9.3).

01 these thice forms of mobility, {}I\}\j irsterﬁrgan%xatiana} movement
is kndwn to have been studicd to any great depth:  Shapero and others
investigated the movements of several thousand scientists and engipeéers,
?%!mdiily of the acrospace research and development community.'’ To a
limited extent, the characteristics of the individuals identilicd ’

i?n‘m;f;h Prafect }HND%{;HT van be Lenmamd with the SRI f:m ;m;s.

In the following sections (5. 8 1 thruugh 5.9k}, HINDS IGHT data 3re
further analyzed to continue testing the hypotheses presented éarlier
and to provide a base line for future studies of the behav;or pattefns
of sc*unt;sts an{! Lﬁl}!ht’ti‘:.f :

; 5.3,1 -?rcfessionai.&absiitg; ‘This kind of mq&éiityfkasudefined
in the foregoing paragraphs as the propensity of an individual for

identified gerfermers is obtained through analysis of the matrix in

Table XIX, a comparison of the fields of technical activity represented

by the RKB Events with the relative distributions of degree fields at
the B.S./B.A. level among the :performers associated with each technical
activity. : » T . o

For purposcs ef 3n31ys;s, grafe55i9n3l mabt};ty is fu;ther dcf;neé
as encompass ing the expectation that a given individual will make a
significant scienlific or technical contribution in a field other than -
that for which he was prepared by formal education. That expéctation,
then, is measured simply as the -ratio between {a) the number of individ-

‘wals who, because of degree flield, might normally bc expected to make no

contribution In a specifsc area ané {b) the total number of individuals
making contributions in that area. . :

" 18ggp Studies Series (Menlo Park, ﬁali?arnfa Stanford Research

Cinstitute, 1965-1966) . . o -0

=

g2 . -

- crossing the loosely raccgsized boundaries of scientific disciplines or .
argas of technology. A measure of the professional mobility of the =~ o



From the same raw dnlu that prnvnd.d Table XIX, o prufesslondl-
mehility index for performers with B.5. or BJA, degrees iy -calculated to
be 0,1/, Simitai caleulations Tor performers whose highest degree -1y
MOSo o MUAL result in g mobility index of 0.13~ For the Ph.D. level,

_an index ot 00&:.-humd Thus, expected mobi ity at the M, S./M AL

Tevel iw more than three l:m&s greater than Bt s at the Ph.D. level;
and about IOUI times qncdlL| at the B.S./B.A.. leval,

1hc lank undvt:ng ot thlb flndlng is not at all su-prusnng The

‘realization that the data suggest that only some h percent of the PhiD.'s

can be expected to make contributions outside their originally chosen
fields, ‘however, suggests that Ph. D.“tra|n|ng within U.S universities
is quule narvow. : = :

In part, perhaps, this Tinding—the lack of professional -mobility
on the part. of Ph.D.'s—explains the earlier finding of a correlation
between DoD—supportcd‘rcsearch in universities and the defense orienta-
tion of those universities' graduates., The ‘degree fields shown as- ‘the
abscissa of Table XIX are obviously quite broad. Within these fields,
each Ph.D. candidate selects some subfield for specialization. If he is
influenced in. this- choice by a faculty adviser engaged in DoD- sponscred
research, 1f his research is oriented to military uses, and if his "
mobllnty (i.e., movement) from the subfield is little: greater .than it is
from the general field, it is.not surprising that he is found later. to
be making a useful contribution to science or technclogy S|gn|fscant to
the DaD. -

-These arguments further support the first hypothesus of sectxon
5.7.1 that there 15 a positive correlation between the technical nature
and the amount of formal education ‘to which an indlvidual Is ex posed and
his propensnty for prodUC|ng knowledge that is:useful in defense weaponry.

Realizing that the faculty for an M §. degree candidate is, to a

" considerable extent, made up of the Ph.D. candidates just mentioned and

their facultty advnsers, It is almost to be- expected that the H.S. candi-

 date would become ”defense orlented "

5

" Why the M. s. degree from a unlversity where the DoD supports re-

“ gearch is relatively so much more: prevalent. among-the identified per-
“formers than the -Ph.D.’ degree Is not readily ‘apparent.. One possibility

that cannot be discounted is that exposure to a defense-oriented faculty
has caused a greater than average percentage of graduates from these
unlver5|t|es to seek employment in the defense industries. This matter
i's: researchable, such a prOJect may a!ready have heet undertaken but,
if so, the Flndungs have nhot been w1dely clrcu]ated ,

Another but more sthect|ve measure of the lack of professional
mobi ity among the identified performers may be séen by ccmpernng Table
VI (a list of the scientific and technical areas involved in RXD

_Events); in -terms of frequency of occurrence, with Table XXI, which

shows the distribution of degree fields by educatipnel level. In

83




amr R Sy

: ‘éi a .
1 R LA
Ve Ty e
oo R e L

P
Bty
* -
LW

N
Y
AN

2
*om

addition, Tabie'XX gives the current distribution of the defense ReD
work’ ferne in the Los Angeles area as dnterm;ﬂed by the Stanford Research
Institute. L ,

- Table XXL. ﬁISTRIBﬂTIO? OF QiﬁREE FIELUS BY iﬂUCRiiGRAL LLYLL

o ) HINQSIGHT‘samp?e Lcs Asge¥es area

Field - o __B.S. M.S.  Ph.D. ~{all degrees}

~Electrical engineering 30 33% 182 i 23.4%
Mechanical eng1ﬁeer1ng 26 16 - 7 T 18,7
Physics 15 21 18 71

~ Chemical engqneerlng 7 .5 7 (5.4

Chemistry - 73 0 - )
Rerona§t1ca§ engtneer;ag & 5 5 -12.3
~Mathematics . 3 1z 1 7.5
»MetaEisrg:ca? eagtneer%ng 1 2. .0 0.9

- Civil engineering - 1. 1 ¢ 2.8
Industrial engineerzng 1 0 L1
Physical chemistry 8.5 Yy 7 © NSs -
Nuclear engineering oS0 0 i
Nuclear physics 05 1 0 NS

- Education 08 1 o . B ; <
Biology : 0.5 O 14 - ) 4.5

- Drganic chemistty“’ G.E 1 -2 RPN )

Notes: Columns’ de not aéd tn 139 persent because af rauné;ag.
*( ) Included within chemistry. >
- NS — Not shown separately.

With the primary excepttsn of the aeranaut§sal eng!aeers the dis-
tribution .in the Los Angeles RED complex is seen to correlate reasanah¥y
with that of the HINDSIGHT performers. The exceptlon 3ﬂ§33btedly is-
occasioned by the prevalence of the aerospace Industry in that area.
Again, as In Table VIIl, Table XX! offers some guidance on the relative
numbers of s¢ientists asd englneers {by discipline) that will be requ;red
in the near future, assuming no major change in the nature of ‘the equip-
ments tc be d»ve¥eped for the malltary services,

5.3.2\;int&rerganizational~ﬁcbéiity: 1t was aoted previously that
the biographical sketches .of the contributors identified through Project
HINDSIGHT were collected during 1966 and were current as of that date.
Thus,.it is possible to examine the interorganizational mobility of

193 Shapere, R P. Howell and J.R. Tombaugh The Structire and
Dynaries of the Defense RED Industry: The lLos Angeles and Boston
Complexes (Menlo Park, Caisfern;a Stanford Research institute, November

1965), p. 24.
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years. lu Figure 16, the sampie of performers i

- ence. The median length of employment was shown
. years.

defense R&D industry in the Los Angeles and Bost

of employment for their sample appeared to be be
about half that found :for HINDSIGHT RED people.
the median for the R&D population in.the. Los Ang

obvious considerable difference in averagé total
employmengg;the HINDSIGHT performers appear to h
moves. Comparative data are shown in Table XXi1

“those people over a long period of time—in sume cases; as much as 40

s ‘examined with respect

to total years of piofessicnal civilian experience vs. frequency of
~occurrence.  Half of ‘the sample had between 13 and 24 years of experi-

to be in cxcess of 16

", Shapero and others studied the engineer/scientist work force of the

on areas.’” Based on-

the age distribution they reported for the work force, the median length

tween 8 and 9 years, or
The distribution about
eles” and Boston com-

plexes forms a pattern very similar to that shown in Figure 16, except,
of course, that it is markedly displaced toward the origin... Despite the

length. of professional
ave made fewer total

' Table XXII. INTERORGANIZATIONAL MOBILITY

No. of

: Previous : ) SR1 HINDSIGHT |
Employers Sample _ Sample
0 24.7% 29.2%
1 S 21.2 26.5
2 17.2 14.7
3 13.3 19.3
4 9.1 6.4
5 6.4 7 .* 3.8
6 4.0 0
7 2.8 0.1
8 0.8 0.
9 9.2 . 0
10 or more 0.3 0

fessional associate. .

*O1bid., pp. 22 and 23.
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Undoubtedly ‘the value of many Individuals identified through the
HINDSIGHT studies had long been recognized by their (respective employers.
It certainly can be expected that whatever appreciation these employers

. expressed, plus whatever satisfaction the individuals derived from
knowing that' their work was being used, contributed ‘to the relatlive
stability of their employment. Nevertheless, it is interesting that the
successful performer is not as prone to change jobs as his average pro-
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A somewhal different cause-and-effect relationship may be inferred
from this appdarently low mobility, along with tl data on age, at- the
time of contribution (see Figure 15). ‘Together, they suggest that the
person’ had bccn with his cmployer for some ‘time before. making the noted
contribution. * This could mean. that, - because: of his jong service with
the urganlzatlon he was "in a favordble position to-have his ideas
recognized and exploited. - The inference would be entirely consistent-
with the finding (section %.3.7) that: A high combined inventiveness,
or ingenuity, ‘and utilization rate are dependent upon the time and space
‘coexistence of four primary factors—the recognltlon of need, a source
of ideas in the form of an educated talent pool,” capltal resources and
an adequate communlcatnon path to potentlal users : co

The genetal educatlonal level of the contr;butor already has been
established. 'Add to thls ‘the fact that; ‘through long | years of associa-
tion'with his company, he had acquired specialized: experience in its
technical affairs and .had developed the ability to interpret its needs
and problems. Then, only the resources ‘that one ¢tould expect would be
made available to a trusted employee are necessary to complete the four
factors named in the flndlng

On balance.'lt appeats logacal to conclude that it ls the indi-
vidual's low interorganizational. moblllty that leads to successfu)
performance rather than his performance that leads to job - stabnllty

A5.9.3 lntraorganlzatlonal'Moblllty:‘_The HINDSIGHT contributors™

- show as little propensity for moving within a company as they do for
‘moving between organizations. .The information they submitted suggests -
* that, on the averagé, -each person had held two different posutions
withln his organlzatnon.p in most cases, he changed from a Job calling
primairily for activity in a given scientific or technhical field to an
assignment chiefly involving management‘rESponsibillty in the same tech-
nlcal area or one of somewhat larger scope. .

Thls flndlng appears to be entlrely consistent with—and possnbly ,
helps to explaln—the previously mentioned finding that there Is a very
high degree of professnonal stablllty among the identified contributors
(see section 5.9.1).  To some extent, this stability nay be encouraged
by the fact that senior management may be reluctant to make assignment
changes- that .would force the empioyee .into "professional mobility,'" i.e.,
into another scientific-or technical fleld 0f course, it may be. that
management merely accedes to the employee - Inslsténce that he be al-
lowed to remain wnthxn his chosen technical area of work .

ThlS is a’ researchable questlon, but it was “not addressed in the
HINDSIGHT Task | study. A more thorough understandlng of the matter
would be useful, because it may be that management has inadvertently -
adopted a policy that mitigates against the fullest exploitation of its
most creative employees.

87




R BN LRI O R Y

B g Y
S e

Tt
‘ﬂvﬂ” y

)
1

Ete

R
£2
%

5. 9 4 tdﬁtaiiﬂn aﬁd Regganssb;l;ty The ih;fd hypu;hv Es in sec-
tion §.7.1 suggested that the Correlation between level of education and
propens ity for making utilized contributions might merely be haJed on.
the fact that the prestige associated with the higher academic degr&e
held by the ind!v?éu&% placed him.in a favarud position to perfarm BUCS -

cessfa?ly. E

A partsaf Lest of the hypethea?s can be maée by aamparsng edsc&-
tional achievemeat with other measures of success within the prafess:an-
al society. Specifically, degree level con be compared with.the indi-
vidual's hierarchical rank within the organization. To facsi:ta&e this
test, six categories, or “responsibility/authority fevels," were estab-
lished, as shown in Table XXLF1, and the sample of identified. contribu-
tors was separated, by degree level, into those stassificat;ens with
the results g:ven in Table XXV, P

Table XXIII RESPGNSIBELETY}AS?HGRIT? LE¥£LS

Level - ’ASs%gnnen{ :

bivision directsr: T Sﬁpervzsisn of several branches related hy

L business or object 1nterasts. o o
Branch director . - . Supervision of several g?eups re]ated by

: : éisc:plxne. C e
Project manager o SupePVTSxen or coardinatiaa of twe or mere
o : graaps re}ateﬁ by pragest. ’ '
Group manager Sﬁgervisioﬁ of gne or more werkfng-levei
pec§¥e.

Professional v Begreeé sczeﬁt1st or engineer at wer% 1eve§
Semiprofessional - Technician. ’

. 1t is obvious that, in absolute numbers, the top four responsibili-=
ty/authority levels are dominated bg people whose highest degree was at
the B.S./B.A. level. This finding is partially a consequence of the -
fact that the largest pe?ceatage of the identified contributors is in
the Bachelor's. degree group. The distributions of the managerial segment
of Table XXV can be adjusted to compensate for unequal degree-level
distributions among all perfcrmers {st%e XViii}, w?th the results

shaw& in Table XXV




Table XXIV. UNNEIGHTED D{&TRIBUIIONE DLGKLE VS, RUSPONSIBILITY LEVEL

lducatlon fi.'f"_A ”_l T

C e SO I T . Some --High-,vv_
Responsibility Level = Ph.D. ~— M.5. B.5./b.A. college © school |
Division director 6% . 20 514 3y -

Branch director . 13 c22 - 82 3 -

Project manager. - - 6. . 25, - 61 - 6 2%

Group manager -1 29 58 4 S 2.
Professional . 1 200 61 b ©2

' Semiprofessional = - - e 10 .45 45

Note: Horlzonta] rows add to ‘100 percent.

~ Table XXV. WEIGHTED DISTRIBUTION DEGREE Vs. RESPONSIBILITY LEVEL

Educat1on - ) .
- Some - " High

" Responsibility level _ Ph.D. _ M.S. _ B. S./B:A. college schoo)
Division director 43% - 33% 62 8% .
.Branch director. . =~ -. 34 ..~ 28 - - 2 - -12. -
Project manager . 13 . 26 25 2T o T 15%

Group-mamager .. T .15 L7 32 A W LTS

'

At the two hlghest Ievelr of authority, degre; level and responsn-"
bility are seen to be posltlvely correlated and monotontcally decreasing.
RecognIZIng that the degree fields of these individuals were sciénce and
engineering rather than management, this finding does suggest that the
prestige conferred by the higher degree has an influence in achieving
promotion. Or, as in the case of pebple with military exper;ence, it
may be that whatever personal characteristics drive one to seek higher

_ degrees have much in common thh those that |mpel one to seek positions
'f,of responsnbil|ty. ' : -

_ The dxstributlons at the levels of project and group‘managers are
hot at atl inconsistent with elther or both interpretations. . The data
on responsibility/authority levels relate to'the contributors' .current
positions, not ‘their-positions at the time of the RXD Event involved.
‘Furthér, the ‘1ghgth of time that most ‘of those individuals had been :

" employed suggests that, in the preponderance: of cases, they were -at or -
hear the highest posltlons of authority to be expected. Thus, Table XXV
demonstrates that there is a weeding-out process and that the person
hold ng Lhe hngher degrees can. expect commensurate rewards.vr

It is clear however, that this analysls-—intended to test ‘the
correlation between degree-conferred prestige and propensity for making
l militarily useful contributions to science and technnlogy-—results in
’ equivocs!l findings. Prestige may be a factor, but it does not appear to
be truty signiiicant. 89 L '
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Further analysis of the blographical sketches suggests that inter-
vrganizational stability also correiates positively with responsibilivy/
authority fevel—al least, among the ‘identified successful performers.
Table XXV displays the rtiailuﬁship bétween number of previous employers
and hierarchical level of responsibility achievad by §§66 Only manage-
ment levels are considered, B

Table XXVi. RESPGMSIEILETYE&UTHDRITY LEVEL VS,
NUMBER ‘OF PREVIOUS EMPLOYERS

Wo. of Prévious Eﬁp?uyers

‘Responsibility/ ; - T Bor
Authority Level 0 ¥ L2 3 -4 more
Division director . 28% 19% 8% 184 47 3z
Branch director - .32 21 22 & - 10 g
Project manager 33 2 @ 17 . 10 DR I 3
Group manager- 34 - 33 - 11 14 5 3

Note:" Fércent%ié by row.

Ccmparfben of the information in Tables XXY and XXVi suggests that
at the division-director level, some tradeoff is accepted between the -
Ph.D. degree and number of previous employers. That is, at this htghest . .
level the Ph.D degree is somewhat more important than interorganization- ’ -
al stability as a criterion for promotion. This is additional evidence
that prestige assoclated with degree level correlates with the attainment !
of positions of higher responsibility and authcrity It is noted, how- : -
ever, that this particular finding Is not aecessariiy refevant to the
hypothesis concerning nature and ievel of educatsea ‘and prcpeas:ty fer
useful. caatribut¥0a.f :

5.10 Marital Status . - .. R . ' : | _

Fer the current eagineerang and sc!ent!fsc work Forces ef the Bastaa
and Los Angeles RED complexes, Shapero and others reported that 70.9 per-
cent of the males were married, 27.3 percent were single, and 1.8 percent § -
were divorced or separated at- the time they were hired. 2Y The somewhat ' :
higher average age of thé HINDSIGHT contributors at the time their bio~
graphical sketches were collected (43 vs. 36 years) precludes a uscful

comparison. Nevertheless, the differences are great enough to warrant 'ﬁ

reporting. The d;stribut:uﬁ among the HENQSiGHT contributors was found . _

to be: ; S
Harrieé---~-—*-—r----?~9&; % Widowed=r==vw-= 0.4% -
Single=memmmmmremnean-- 4.9%  Ever divorced--4.0%

Divorced or separated-- ¢, ?2 .

?11bid., p. 26.
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PO By primarily the difierence in the "divorced or separated” )
~Figures, despite the relatively small percentage i vither case, that
s may. be most “interesting. - The, lvp&dludly noted tendency toward 5lab|lnly
a . o=in:terms of areas of prnivudnondl interest, in terms of employers, in
’ “terms of positions within an organization==is further evidenced by the
"appauently qneutv;.mdlntal stablllty ui the successful contributor.

5.4 Cunllnued Poxtgladuatg Educallon

“In addition to formal educatlun lgadung to the award of a degree
- many of the contributors reporied attending orie Or inore postgraduale
L courses, Well over 50 percent of the individuals participated ‘in short
Cea courses or lectures, series sponsored by their employers. The available
information ‘on these. courses, which varied in Yength between a few
hours and a few weeks, is tnadequate as a-basis for analysis of the
quality or significance of the instruction. A somewhat smaller group
feported that they had taken formal courses offered by recognized uni-
vérsities .either on or off. campus . Table XXVI| presents a distribution
of the latter information in terms of the highest degree “held by the
reporting .person and by the general nature of the course

Table XXVII. POSTGRADUATE EDUCATION

. Iypeof Cowse - Ph.D. " M.S. - B.S.

- Technical . &% 4% . 10%

Administrative S ‘_‘0_ A 1% B

" ln'some.éaéés;,éhe indixidual'héd delayed taking a formal course
i _ for as much as 20 years after receiving his last degree. The: average
T ’ 'delay appears to be about 7 years, ard the median, about 5 years

..)i'

=3

No. comprehens!ve Informatlon concernlng the practices of the-
defense-orientad RED. communi ty 18" known to be available.. There are
some data on individual organizations. and on the entlre natlonal scien-
tific and engineering community, howeVer that offer a limited basis
,for comparnson. o

The Nataonal Science Foundatlon22 estimates that about 5 percent of
the country's scientists and engineers are currently taklng part-time
university work. From the NSF data, it Is not possible to determine the

CF total percentage that continue with postgraduate education at one time
bt or another over the years. i

22201a Bronson, Nat‘onal Scuence Foundatlon, prlvate correspondence,
August 1967.
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At the ;ndsv;dugf ssqaau:d{ann&l Iavel 1. #. Rubin”' feports that
by 1967 more than 90 percent of the prafrus:una?s at the Langley Hesearch
- Center, Nativnal Qttﬁﬁdﬂiith and Sdee Adm%n;si:attan had taken at least
one farmdi university course under (he auspices of NASA's continuing edu-
cation program, with approximately one-third of the staff pariicipating
in any racent year. At the Army's Harry Diamond Laboratories, 85 percent
of the professional staff campleted courses of at least one semester's
duration éuring the period igéﬁ 1967." : S

Qy any of these measn?cs, the Eéent;f:eﬁ centrebutsrs to RXD Events
are mafkedly ;ﬁ the m;sorfiy : .

One can spec3¥ate of ceurse, that ‘the cantr:batars are 1eaéers in
their fields, and therefore are mcre Yikely to deve}ap information to be
‘taught thelr peers than to learn it.in a classroom. - Or it could be that
the contributors tended to “travel so much in the course of their work
that taking even part-time classes was impracticable. Whatever the
reason, it is apparent that ‘these valuable, creative people were not”

~ given to exploiting the Oppartan!t;es for coatinued pestgrad&ate educa-
tion that are affereé by most of the larger universities.- .

5.12 Summary and ﬁsscusston

These;add¥tiana¥ findings combine to present extraordinarily con-

" sistent patéeras.i Host of the scientific and technical Ingenuity and

" innovation leading to modern weapon systems is found in a very conser- . e
vative, almost routine environment.  For example, nearly half of the , b
advances came about as 3 consequence of what the performers conslidered
to be routine assignments (Table X)}. The persons credited with the ‘ R
advances give evidence of extreme conservatism. In comparison with g} ‘
others in their professional soc:ety, they tend more to remain in the

“sclentific or technical areas In which they weie educated, to stay on T
the same job with the same employer, and to be satisfied with the level Co
of education attained before they first sought professuona¥ -emp loyment; !
they even tend to have more stable family lives. The chief possible _ !
degarture from this otherwise consistent pattern is their appsrent will- . f'
ingness to move from their chosen. technical fie!ds ‘into mgnagement

'pesitioas when they wera;relativeiy yeung. : C el ' N ) T

To a cags;derahie éegree, this may expiain why comparattveiy few of

" the technological Events were found to be based on the resulis of recent
scientific advances. For Is It likely that individuals wtth such stable
and conservative tralts would delve into what - is, to them, 'the unknown . S
“for the solution to a problem? gestafaty not, -1f such a digression ~

31.M. Rubin and H.G. Morgan, A Projective Study Towards Contimeing
Eﬁueattaﬂ (Boston: $loan School of Hanagement Massachusetts l&stttu;e of
of Techaa?cgy, iﬁa?}

ggﬁa&reae Apstein, Harry biamond Labaraterles, pr#satu ccrrespcn-
dence August 19567.
52 . ) ; l




"~ technological .contributions

if the characteristics of people making significant
in areas othei than weaponry are equally
conservative, there.is little wonder that new scientific findings move
so slowly into everyday ahgineering.rﬂ o S

could be avoided.

25 jacob Schmookler,. Jnvention

: ) and Eeonomic Growth (Cambridge:
Harvard University Press, 1966) . Sl o o :

93




-
-

8"

et

NEr e
Et)

Sty

e

5
R TRy

P

Ty

PR Lot -
h L te @ kae ey
e iy

oA
AL I

T oy s
A

WM
R R

-+ Preceding Page Blank : ?

6. RESEARCH ENVIRONMENT FOR WIGH PAYOFF

6.1 RDTLE Environments

Hanagement has tended to create different environments for funding
control and the decision process in the several phases of the RDTLE -
cycle. 1in addition, it is alleged that significant intellectual and
sociological differences may be found between the classic organizational
structures jdentified as “Government in-house,' “'wniversity-associated"”
and Yindustrial® laboratories. Presumably some one combination of the
factors making up thé various environments should be more effective than
others for fostering creativity and the utilization of its products. -

_ -One of the primary stated purposes of Project RINDSIGHT was to
identify management factors that constructively affect the productivity
of a scientific or technical research program. It Is emphasized that
the factors sought were those assoclated with the combination of sreatav-
ity and use of results. Quite pessibly, the optimum environment repre-

" sents a compromise; it may not be the best srtuatscn far scientific

creativity alone, or the best for anncvatacn.

An ;mmeé:ata ebservat;cn based on one ef the Hi&ﬁSiGHT findings
(see section 4.3.1) is that the broad categorical differences between
Government, unlversity and indsstrsa! laboratories do not markedly in~
fluence proéuctlvtty in terms of the emphasized combination—creativity
~and result usage. Similarly, the study shows that productivity is not
‘restricted to the environments assoclated with the ReD categortes of

e;th@r research or expiaratcry development.

Based on the 686 RXD Events on which pertinent data are available,
the percentage distributions among the Defense Red categertes were ‘found

“to ba:

Research=s=-~==ssswmmw=—n 9%
Exploratory development--28%
Advanced development-----40%
Engineering development--22%
Management and support-~->{%

A considerable number of Events occurred before 7 June 1362, the

date on which these categories were formally established. Those Events

_ were categorized, insofar as possible, through analysis of the circum-
stances in which they came about. When there was significant doubt,
the Event was ignored in calculating pércentage distributions., Thus,
the distribution Is only roughly descriptive of the situation and is of
interest primarily because the peaking occurs in the advanced develop-
ment category. Obviously, creativity and the imaginative application
of scientific principles can be found in work relating to every phase of
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the RDT{LVLYL|(’ lhknhul|VIly v 5“HH|I\dHl|Y|”'LllLd (|(h«| by tac

tors xummnn Lo each ot the ulgant/dllunul aod budgeting categerics :
gunaadtrcd here ot hy different 5(! of factors that apply within eath

dlk'gnly ’

, This™tudy was not deep Lnuugh to wense different sety- of factors
'-*it in favt, they:do’ exist. Subsequent paragraphs consider the find:
Cings with’ rcand to appuavn(lv significant eavironmental factors.:” The
“saveral Llasscs ol rescarch, From uidirveted scientific research through
-research in Lpnhnuloqy,'ave treated in turn, and the findings are dis-
cussed in relation to pertinent management. factors that scem Lo be
controllable by policy. -
Basbd on the mcthodology me]oycd in Pro;ect HlNDSIGHT only

successes were studied. It cannot be concluded, therefore, that this
'most effective environment will ensure. success; fai lures have happencd
“and probably will continue to occur.: Because other patterns of manage-
- menthave Failed to. exhibit as hlgh a utilization rate, however; it must

be assumed: that their. effucacy was lower and their fallurc rate at least
sllghtly hlghcr. . : - : :

‘To this poinL payoff has been consndercd only as the reCOQDIZLd
use of results proceedung from the research effort on a military system.
Other Forms of payof f were observed in the course of Project HINDSIGHT,

. but the establishment of thelr relative value to a mission-oriented
agency. such as the DoD is beyond the scope-of ‘this study. 1t Is clear,
however, that they do exist:and, by and. large tend’ to ‘be associated
wjth generally -.undirected research in science. (See sectuon 2 on HIND-
SIGHT ub|ect|ves, strategy . and methodology ) ’

6.2 Res;arch in Science

oo ,632;1 Undnrected Basic Research There ‘is very little evidence

. that ideas spawned during recent basic research, particularly in the so-
called undirected basic research In science, as opposed to directed
research (Tables 114 -and 1V), manifest themselves {n improved weapon
systems. - in the fields of statistical analysis, other aspects of infor-
mation . theory, nuclear physics’ and polymer chemistry, a very few exam-
ples haVe been found in whrch payoff was |dent|fied In a system.

e+
'

Nevertheless, it has been seen that wherever there was a payoff of
basic scientific research in terms of use in systems, its value was
comparatively great. - Examples are found in all solid-state electronic
. 'systems, nuclear weapens and power supplies;, Information processing in
computers and radars, and the application of statistical sampling in
qualuty-control technlques

The greater payoff of undirected basnc research in science tdenti-

fied in HINDSIGHT studies has been observed in forms other than'direct
weapon-system application. In terms of numbers, the gain has been in
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{he training of sc:aatssts and eﬂg:ntffs who pcrfarmeé the d;rentaﬁ res=

_ search in basic science or in technology that led 1o the new wéapon

systems. — The technique of investigation,. the so-called scientific ap-

-proach, that has been developed and propagated by the universities has.

had a trmﬁcgdcﬁs observable ;mpect.‘

aectsan 5 7 demonsirated how vaisab%e ensverssty traised scseniists
have been to the Department of Defense—in particular, these irained In

-universities that had defense-oriented research prngrams When the DoD's

recognized dependence on schbooled scientists and engineers is considered,
along with the fact that in a typical year {FY 1965, for exampie} -approx-

 imarely %€ percent?b of the nation’s sclentific and engineering talent is
_engaged  work that is directly or indirect¥y Defense sapperted the

magnftade sf the payaff may be appreclated‘

Tha se:and very. ﬁsefa! graducs of nnd:rected hasiz resesrch is the
instruaentation .developed by the ‘scientists In thelr quest for knowledge.
If there Is a characteristic difference’ between undirected and directed
research in science, It is probably that the former examires all possible
aspects of a phenomenon in detail, while the latter tends to be more
restricted in scope, focusing on the apparently most pertinent aspects.
in their desire to obsérve in tet&isty, the performers of undirected

- -basic research have developed-instrumentation that is exotic and precise.
~The resulting devices were identified through Project HINDSIGHT as they '
became f?e toais sf the appiied scteat?st aﬁd the engineer.~

The rsature ef a tbi{é payoff of uﬁd!fectcd researcﬁ is ssspectsé

k bat has not yet bren well established. ~Often the candidate for a
‘Master’'s degree In science or for 5 Ph.D. bases his thesis or disserta-

tion of research Into a particular charsgteristic of a device or mate- -
rial. If the results of this research in any segs;flcant amount are
collated by the publishers of the commonly used _engineering handbooks,
this third form of payoff is establisked. This matter is being investi-
gated asvggrt of Project HINDSIGHT's more detailed studies of management

factors.?/

6.2.2 . Directed Basic Research: No sharp lin. of demarcation is.
“ound between theoretical, undirected research in science and its di-
rected counterpart, . -Instead, thsre ‘is an .almost continuocus spectrum,

" vrom the case in which .the sc:ents;t undertakes a partica!ar line of

‘nvestigation ‘'‘because it locked :aterestiag“ to a ventuie that is
totaiiy respeasive to the reqaest of an eatsider. C -

?GE t;msteé fram the. ratie of Befense spenéeag te tctai nst:eaai
ﬁxpendstares for RED. Reviews of Data on Seience ﬁ@saurees (uashfﬁgtan,‘
D.C.: Na*ional Sfieﬁsa ?oandat:an NSF 65-11, May 1965}

27Ruert C. Hills, Ligison Actipitics at Ré&D }hterfhees——é ﬂbéeé

Some Empivical Resulls and Degign Considerations for Further Study
{Evanston, i ,3155933 Nerthwestesn ﬁﬁlvers:ty, June }35?.; .
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Most of the scientific research supported by the DoD s justified
by some rationale and is typically referred to as “refevant .M The anal-
'ysis of Project HINDSIGHT data on the use of results of directed scien-

tific research offers sapport for the concept of relevancy and suggests
that a rigorous definition of relevance is éSsenlial._‘thre‘resu!is
were applied, the research task tended to be relevanl to a very specific
technology already being used ina cruder form. In g3 sense, recent
sclientific research. that has been found significant to improved weapon
-systems -took. the form of a Umop-up”‘effort.'_Engineers1were employing a
technology with some degree of success bul didn't understand in derail
how or why it worked. Scientific analysis led to a better understanding
and eventually to .greater exploitation of the technology.

_ Examples of the relurn on investment ‘in Scientific‘mbp—up research
were found-in~everylweapon,system studied. Problems of exlracting
information from contemporary radars .led to filter-theory research ..
which, ‘in-turn, led to: far more capable.radars.r,Propeller4nQise prob-
lems led to cavitation-theory studies that. generated the knowledge -
needed for designing less nolsy propellers for torpedoes.. Problems .of
combus tion instabidity in rocket and turbine engines furnished the |
‘rationale for pertinent scientific research. - -

Relevant research probably results in a high payoff .in utilization
for two interrelated reasons: (1) The scientific research was known to
- be in a useful area suggested by a problem in the associated technology;

and - (2) a ready market for any new knowledge generated was known to
-’exist;'for'in-advertising'their;problem'the engineers identified them-
‘selves as potential users.’ Profitable directed research, as described
in the precedirig examples, requires a fairly direct line: of communica-
~ tion between the engineer and the scientist. o e

6.2.3 "Research “in-Materials: -Another class of research ip science
observed in the Project HINDSIGHT studies has had an équal-or greater
- payoff. ‘Well over-half the identified technological advances. clear)y
occurred in the absence of new scientific ideas. -Almost all,-however,
depended upon the existence of new information on characteristics of
materials or ‘the operation of devices such as the transistor..: The class
of research that feads to new materials, -to measurements of those mate-
rials" characteristics, and eventually to the publication of pertinent .
data has been‘of primary value. . Tl e :

From the pragmatic-view of a mission-oriented: agency, fairly
stringent criteria for the class of research leading to reference “texts
and handbooks can be-established. The producers -of the documented jn-
formation, or their managers, must remain aware of the technical prob-
lems of the'engiﬁeering'tommunity;'/Further, deliberate attempts must be-
made to anticipate Information needs, particularly as the engineer begins
to push the state of an art to its limit. ) ‘

t'Séction 5(1Q2.2;di5cussed the Imoortance of identifying, publishing
- and dissenminating information regarding the characteristics of new
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#aterials. I this particulay example, the information s amensble 1o

: ;)Et“n.i'tt&tiﬁ)ﬂ in a‘handbook. But the copcept involved—that of deliber-
;ﬂ‘.d\g investigating natural phencinena and reporting the results in what-
vver torm is required for maximum utiiity to the engineer—can be appkee:i
with equal \saité;ty in aay scaent;ftc dssughﬁ{s -

, 6.2.4 General Observations: li must be remembered that ‘all i dent i-
fied RXD Events have two common chas‘acteristzas First, as a consequence
of vestarch in stience or In technology, some new kunowledge was made
available, Second; th;s new knowledge was employed by an applications
engineer in the design or de\selapmeﬁt of a weapa;t system ar plece of
meist&ry eqts:pﬁtent, : ‘

‘Hone sf the fzadings or ebservataans preseated in thfs rcpert
should be interpreted as claiming that undiracted research in science
during the past 20 years has not produced a great deal of useful infor-
mation. Rather, the findings suggest that the transfer of undirected
‘baslc research to technology for weapon-system development can require
20 years or more. This transfer of the scientific base may be Influenced
by early recognition of a need or technological opportunity, by effective
coupling between the scientific and technical communities, and othcr
variab!es that reqaere Further éef?nitien aad aﬁaiysis., ,

The data from this stuég tn&tcate, hcxe\ser, that there dtses ex:st a
shorter-time span between sclentific discovery In difected basic research
and its practical-utilization than between undirected basic research and
Tts practicai ‘utilization; this should be expected. The median time be-
" tween the octurrence of scientific events. identified in the directed
baslic research category and the incerporaticn of the resulting new knowl-
edge into the design of a weapon system was nine years. Thus, it Is
evident that a motlvation toward system appliication Influences the time
for-transfer of basic research events Into system development. This
observation in' no way derogates the continuing reqai rement far expaad:r;g
{the frcs;tier ;n the scieatif:c disc%piiass., : .

lt is c?ear that, on a time scaie of 5& years or mre, unéirecteé
scientific research has been of .immense value. Without basic physical
‘science, we could scarcely have developed the modern technologles of
nuciear energy or communications or the current electrical and chemical
industries. None of the identified sclentific Events would have been
possible without the use of ohe or more of the great systetnetic theories
- =—classical mechanics, thermodynamics, electricity and magnetism, rela-
tivity and quantum mechanics. These theories also piayeé an ;mpartant
role in many of the‘technulegica} Events. For example, If one were to
count how many times Newton's laws, Maxwell's equations or Ohm's law
were used in the systems studied, the tctal would far outnumber the
recent RXD Events ideﬁtsﬂeé. . .

in less than 5 percent of all identifled iﬁ)ﬁ& Events, scientists or
engineers were called in to 'make someone else's solution work.! In
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85 percent of the cases, a fundamental problem was presented to. the
creative individual or group and a néw and Successful solution was con-
celved, The evidence s sp overwhelmlng that no question should remairn
regarding the role of -the scientist or. research engineer vis-a-vis the
applications engineer; neither can be subservient to,.or unaware of, the
other. Each performs best when free to cope with the fundamerital prob-
Tem, . Any ‘environment that enhances coordination would encour.ge the
higher payoff of research. . These general observations, by augaestnng
specific fruitful actlvlc!es, implicitly recognize this fact. -

6. 3 Research in Technology

6 3 I Subclasses. General and Restrlcted Of ‘the-identified RXD
Events, 91:percent are reasonably classified as research In technology.’
The characterlstic that distinguishes that kind of effort from the equal- .
ly Important but somewhat more pedestrian work of applications engineer-
ing is the relative amount of technological risk involved. Before an
RXD Event ‘could be so classified -under. Project HINDSIGHT, there had to
be .evidence that the performers, .though. confident in- their prospects,
realized that success ‘was -not & ‘reasonable certainty.. More specifically,
experlments to establlsh feasiblllty must have been de5|gned and actually

) performed

Agaln, as in the case of dlrected SCIentific research “two sngnlf-
icant subclasses of highly productive utilized research. in technology
were observed, both Involving before<the-fact recognition of a-techno-
logical problem. ‘They differ prisiarily in the manner in which the:

“problem’ area” is ‘identified. “For.purposes of classification; they ave

described in this" discussuon'as ”general” and “restructed” technologlcal'
research L ; Coe L .

General technblogical researoh ~In the first. subclass, the-
performer's attention was focused on a- broad spectrum of functionally
similar general-purpose technological building blocks. Outstanding
examples included work supported by the DoD .laboratories ‘that led to a
multiplicity of transistors with:selective, highly predictable charac~
teristics and .economical ‘techniques .for their manufacture and production;
small compatible passive electronic devices;: ferrous: and nonferrous
structural materials and fabrication .techniques; IIqUId and solnd rocket
propellants and exploslves. o

Restrtcted technologtcat research The second subclass
covered the development of devices or techniques with fairly restricted
applications. )t included such ftems as the investigation of missile~
launcher design, the development of engine and missile-motor components,’
and specific mlssn1e guldance componencs of anertial quallty

In terms snmp]y of the number of RXD Events ldentnfled in each sub~
class, 30 percent of all.the technological-research Events studied were
general, and 70 percent were vestricted. (The matter of the subclasses'
relative value is discussed in section 6.3.4.)
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6.3.2 HManggemen! Aspects:. 8§fferen{¥¢§ing between the subctlasses
from a management viewpoint, we fsnd in the “geéneral” subclass a Tow
risk that research results w;il not be ased as long as the product in -

" any way represents an advance in technology. But, wi thout very close .
" coordination arfcentrd?néed management, there is a high risk of duplica-

tive research efforts. . In the Yrestricted” subclass, on the other hand,
there is.a tanparat:veiy low risk of duplicative efforts and-a high ¥¥Sk
of nonutilization unless the applications engineer is aware of the re-
sults and they ve:y cliosely satisfy his requ;remeats. -

The ideal, effiaieat eavirsameﬁt is one in which perfarmers of
restricted teahna}ag;cal research and applications engineers are geo-
graphically or organizationally associated. ~Thus, general research can
be performed most efficiently- under .centralized managemeﬁt, and re:trsc-
ted research unéer deceﬁt{alszed manageﬁent.,~' . S

The vaiue of. deceatral;zad management fcr the restrfcted subciass
is confirmed h;storica¥}y by observing the absolute magnitude of: the "
utilized results of tezhnelcs:ca! research in the course of engineering -
development. ~ From 20 to 30 percént {vary;ng among the weapon systems .
studied} of the requisite new information in restricted’ technological.
research that was used had been generated during engingering development.

£.3.3 Kinds of Payoff: . The examples of payoff from general tech-
nological research form a readily distinguishable pattern. The most
obvious character:staa is that the technology tends ‘to have pec&?:ariy
military flavor—or, at least, at the ‘time the Event occurred, -interest
in the technology was found primarily within the Military Sere;ces. But
most of the utilized technologlcal research in guidance, radar and
rocket propulsion was directed and performed by individuals who were
concerned more with the techa&logy thaa with' the deveiopmeat of any
specific end-:tem system C e . .

in each tasa, hewever, «the gerformers wére” saffscgeat¥y aware of--
the technology's deficiencies in terms of foreseeable requirements of
future systems. This awareness extended to ‘the knowledge of quite
specific ées:gn criteria that were desired. For example, ‘those. groups
pushing microwave power ‘tubes for radar knew more than the simple fact
that devices with higher output would be wanted. They had a quanti-
tative notion of just how much higher the output would have to be.

In retrospect, it is clear that this quantitative information must
have enhanced the realized research efficiency, if only vy automatically
ruting out any technological approaches {even 1f otherwise successful)
whose potential ‘was inadequate to satisfy the criteria. Examples
{other than the amplitron microwave power tube already mentioned) are
the hydrogen thyratron, Inerti3¥-qua¥1ty guidance components, }squtd and
solid prege%lants, rocket-motor cases ssd magnetsc seﬂsors.
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A sllghtly dlffertnl xrlusltatlon of ulllllLd tcLhnningncal re%ﬁnr(h
is qund in the development of lantalum capacitors and high=core- .
permeability inductors. It was obvious to-key personnel that the small-
ness of the transistor could not be fully exploited if the size of the

circuil chassis were dictated by the use of comparatively large conderi-

sers, coils and ‘transformers. - Because these people and their close
associates were . vitally :ntcrested in reducing the size of eléctronic
equspment, technologncal research to that end was 5uccessfully pursued

It may be Lhat other research englneers, more remote from applica-
tions engineering, also recognized the problem and achieved technological
success along other approaches If so, no evidence of those results®
utilization was found in the HINDSIGHT study There  may have been tech-'
nologlcal success, but’ the results were. not . “sold ‘" and the research .
engineer's remoteness flom the applications englneer cannot be d|scounted
as the reason for it. _/

In over 93 Percent of the |dentofled EVents in the technologlcal
research category, available informetion supports the conclusion that
contxnunng interaction -between research and appllcatlons englneers ¥s
essentlal to-. a productive techno!oglcal research program ' ‘
lncidentally, such examples as- the microwave power tube, the hydro-
gen thyratron and the .tantalum capacitor point out a very ‘'valuable con-
tribution by the. technlcal persorinel of the poD’ laboratoraes.' In each
case; the greater part of the. ‘technological research by far was accom=
plished in private industry, generally under contract with one of the
Military Departments. The work was distributed widely In time and
place. - The only names ‘that appear with any regularity as having been
lnvolved technically are those of a few Individuals from the Army )
Electronlcs Laboratories at Fort Monmouth, New Jersey,  the Navy Elec~-
tronjcs Laboratory at San Dsego, Callforn;a. and the ‘Air Force's
Avionics. D:vtsvon at Wright-Patterson Air Force Base, Ohio. it is
clear that these few peopie provided the continuity and effective
guidance that resulted |n the hugh payof f of technologucal research

6.3. h Relatlve Value of Subclasses It has been noted that 30

. percent of the technologlcal Events fell »nto the general subc‘ass.

Accordlng to the analytlcai technique used in Proje.t HlNDSIGHT it

Is assumed ‘that each Event deserves equal weight, or value. This

assumption s, in fact valid ortly in the vontext of £) rIngle weapon
system. . In that case, because greatly improved weapon Systems appear to

“be the synergistic coensequence of many (usually on the order of 100 to

200) separately identifiable Events, each contributing a negl»gnble
degree of. tmprovement, the averagung process 15 reasonable

Vhen the consequences are manlfested In a number of weapon systems,

which is the tendency in the case of general Events, the true value of
that Event must be yreater than that of one contrubutirg only to one
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Usystem. Theoretically, of course, if every weapon systew anil equipment

in the Defense arsenal were analysed and the contributing Events identi-
fied, it would be Qﬂ&5¥h§§ to as ﬁiga to each Event a quantitative measure
of ¥giuc, . ) . : ' - .

Dariﬁg the Prcje{t HINDSIGHT study, 20 systems were sampled with
varying degrees ‘of thoroughness. On that basis, such Quantata{!vc meas-
ures camnot be made, The sample sice Is adequate, however, to measure
the relative efficacy of general as opposed to restricted technological
research. Over 12 percent of the identified Events in general techno-
logical research had an impact on more than one of the systems studied,
Where this situation obtained, it was generally found that results were
utilized in three ofF more systems. With réspect to more restricted
technological research, the use of results in multiple systems ‘was rec-
ognized in 8 percent of the Events, a:i then lnfrequentty in more than
£ws systems,

6.3.5 Planning for High Payoff: 1he many observations on charac-
teristics of utiiized technological research arising from the HINDSIGHT
systems study could be used to provide guidance for senior research
management. Where anticipated results of the research are considered
broadly applicable and the estimated cost of the task is comparatively
iow, full authority to plan and impiement the research program should be
vested in the scientifi¢c and englneering communzty interested in the
3ert=aeat technological area. Conversely, where ‘the- apparent applica-

 bility is more restricted and ‘the task's estimated cost is relatively .

higi-, the interests of the system-crzested engtaeersng commﬁaety shos%d
be dominant.

The chief passtble except:cﬂ, of. caurse, Is a situation in which
the initial cost of acq&:rsng a facility for technological research of
general application is very high. Management must then }nége whether
the application cost Is properiy. attributable fo a'few tasks or whether
it should properly be allocated to a great number of research efferts
p?aaned for the future.

Again, with this general exception, it eppears that there is greater
assurance of a high payoff from the more expensive reséarch tasks If the
systems-eag;aeereag cemmantty has some responsibility ‘for research plan-
ning. it was observed in this study thot some 20 to 30 percent of re-
quirements for new techndlogical knaw?edge——sn the case of MINUTEMAN 14,
up to 75 perten:——are established while a weapon system is being deve¥-
oned, which demonstrates that, at present, the systems-engineering
community cannot fare:ast all its aeeés. ’ v D

An apparent solution is to have greater. recourse to ‘the current ReD
category of advanced deveiapment. Useful prototype weapon systems
should be designed, developed and built for the express purpose of
giving focus and spur to the growth of techao¥sglca¥ knowledge. This
concept is not new. Whether fortuitously or by intention, ‘it has been
used to great advantage, and its impact Is seen through “hinds;qht.“
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Thus, in retxuspect the tremendous value of . the NAVAHO missile
development is-recognized. There were a number of reasouns that the -
NAVAHO never, became operational, paramount among which was the appear-
ance. of the )ntermedlalc-rangc and intercontinental ballistic mjissiles.

“Work on the ‘NAVAHO continued lhroughout essentual\y the whole RDTEE

cycle, noweven, and did provide a quantitative focus for all the “Lech-
nologies required to support its development. 1t iy also noteworLhy
that, at the start of thelir. development, both the balllstlc mlss‘le and
the NAVAHO were considered high techn:ca! rnsks."

. Studles of the technologlcal basts for modern gu:ded missiles (such
as MINUTEMAN and POLARIS), aircraft. and nuclean submarunes atmost in-
varnably find their way back to or beyond the NAVAHO program Inertial
navfgatlon and guidance systems,.stellar, navigation systeins, flightborne
digital computers ‘Iqud rocket .engines—all have been traced back to

. work identified as originally done for NAVAHO.

v ln a similar. vesn-—though less dramatlc and on a lower cost scale—-
a study of the” hlstory of the’ LANCE missile system eftablishes the value
of the MISSIles\"A" and "B'"'programs in the 19505._ Again, requirements
to advance the state of the art established by operatiohal specifica-
tions for these deve!opmental missiles spurred the growth of relevant
technologies. S e

A more speciflc examp\e is: the contrnbutlon of the Army 5 DART
antitank missile, which was never produced. To be economlcally feasible,
the DART's roll- leference unit had to be provided for a fraction: of the
cost of available gyroscopes. As a result, part of the technological.
work on inertial guidance components was turned away from the quest for
ever-increasing precision and focused on the need for marked cost reduc-
tion. 1In the absence of such motivation, it is unlikely that the qulite
reliable, reasonably precise, very inexpensive gyro used in the BULLPUP
would have been readily available for it and for other missiles as well.

These examples and numerous others that have been identified
through Project HINDSIGHT studies indicate the wisdom of undertaking
system-development projects in a conscious attempt to focus exploratory
development on programs of research In technology. Advanced systems
would then be described Tn terms of operational characteristics and
categorlzed as advanced developments. Maximum freedom should be granted
the project director to seek advanced technical solutions, and at the
outset there should be only limited definition of a production objective
—preferably, none.

In principle, the planning inputs required for a high payoff of the
general and restricted subclasses of technnlogical research are quite
different. It is possible to ldentify real-world problems for the
former by examining classes of weapon systems—submarines, alrcraft,
missiles, armored vehicles—and recognizing that the growth of specific
areas of technology is essential to the marked Improvement of one or .
more of those classes. . :
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For example, it is obvious that’ a submarine’s depth performance is
fimited by the strength-to-weight ratios uf available pressure-tsl]
materials and by fabrication technigues.  For aireraft, the achicvement
of greater effective operating speed depends upon the ﬁvsfiaﬁz¥fty of .
thermally less sensitive skin materials, as well as bezier nnders¥endta§
of aerodynamics icckﬁuiugv. To yain greater precision and longer range,

artillery weapons ieq&i?t more efficient propellants, reduced manufac-
turing tolerances in pra;aats?e chatactersst;cs, less tube eros;an, and
S0 On. . -

Bacaus; such preb1ams are re%attve¥¥ easy to ldentify and research
- results may be applied to many systems. the inherent probability that
the knowledge will be used Is high. - Further, duplication of research -
can be safely minimized if planning fespensib;§sty for a technaiagtca?
area is centralized ﬁith?ﬂ a managemeﬂt that is tharcugh§y aware sf
generai system problems, » o ;

ﬁhea the techna¥agy has a restricted appi;cat?an, reai praﬁlems are
not so easily identified. The' risk that random research will yield
results that are Inadequate to solve any specific problem exceeds ‘the
risk of duplicating effort, and it is suspected that the work is fre-
quently of less interest to the performers of general sclentific and
engineeriag research. In order to gain a high payoff of restricted ) T -
technological research, planning responsibility must be decentralized L
and assigned to the sgec?fically interested 3pp1¥cat|a§s—ar;ented system
ées;gﬂers. e . L . o . L=

o
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7. REQUISITE LEVEL OF INVESTMENT IN RESEARCH

7.1 Stratégy!and"Fundltgl,'

'7.1.1 " Research Strategies: Every organization, whether ll be a
smal’l company., ‘a large corporation, a nation, or.-a national agency such
as the Department of Defense, has a research strategy. |t may be ex~"
plicit and well documented, or it may .be determinable only through in-
duction based on observatlon of-behavioral patterns. WNevertheless, the
strategy exists and, more thanany other 'single’ factor, defines the
requ:s:te level of |nvestment in. research for: that organxzatuon.‘

) At one extreme, research strategy can call for assumlng a
”paraijtlc“ posture. ftn-that case, the organization.allaws others to
sponsor and conduct research; then it adopts ‘(or adapts) certain of the
findings in accordance with its needs and purposes. The cost of this
attitude is measured in terms of patent fees and licenses=-and, perhaps,
in loss of competltlve position: “Such a research strategy Is . typlcal of
many smal} companies and alse'of newly ‘developing nations. As reported
by A H: Rubensteln,28 it typifies most of ‘the home entertannment elec—
tronics |ndustry |n the Chlcago area . . _ .

Further along in the spectrum is the strategy of “reactlon.“ in
which’ resources are allocated for research only to solve.-immediate prob-
lems. .Great scientific discoverles are unllkely either -to be made or,

"if encountered serendipitously, to be exploited. Radical technological
innovations are neither sought nor expected. This conservative strategy
seems to be acceptablc to most consumer-products industry .in the United
States. as well ‘as”in some of the smaller European nations. - Expenditures
can bz modest and research’ efforts, hlghly selective.. Appropriations
need only be made after a problem has been identified. There may. be -
additional’ expenses for licenses or paténts, but the- probablllty |s some-
what less than in the ¢case of the fully parasitic posture.« .

l .

The reactlon strategy, lf tied to a well-planned long range engs—
neering development program,” does not necessarlly incur any great risk
of loss in-competitive position, national or ‘corporate. If observed too
rigorously, however (as discussed later), it ‘mitigates against-the intro-
duction of markedly new technologies and so leads to rapld lncreases in
the cost of advanced englneerlng development

The antithesis of the parasitlc posture is an aggress:ve forwa.d~
looking strategy. Clearly the most costly in terms of immediate cash

"layput thls strategy prescrlbes that sclenttflc and technologlcal

28A H. Rubensteun and D.E. Brewer, Résearch and nevelopment in the
Chicago Arca FEleotronics Industry (Evanston, !1linois: Northwestern
University, 1962}, :
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. capabiiities or duplicative tachﬁ:qaas, of whicl only the noure altFﬁLEIVt

opportunities for research will aiwsys exceed absiity to snppari the .

 strategies discussed here, It Is agreed that the DoD must aégpt a

‘gressive, forward-looking strategy will require a more prsgmatsa ratio-

c&rrent ievei of exp&néitures. :

" search strategy defined is a sound one. The requisite level of iavest-:
‘ment In Defense research thea, ﬁsii be . the ‘minimum aeeded te suppvrt

- where possibie, or, where the data alone are inadequate to suppe:t a

A4

v

opportunities be aggressively sought and, when Tound, exploited as con-
sidered necessary or desirable, - in ptiaaiple, thiy sirategy avoids the
tisk of losing compeltitive pousition and minimizes the necd for costly
ticensing arrangements. s great di saduaﬁtdge is that many {indings
witl fever serve a useful purpose, because they lead either tw undesired

atte;aai?ve will be wseful. In practice, the forward- 1uuk;ng stratugy
in its ultimate form will probably never be adopted, because undoubtedly

required pragrams

7.1.2 Strategy far the Separtmeat of - §Lf8§53 . The fundamental -
concept that the DoD should support some research in both science. aaé
technology Is not. carre&tly in guestion,.. It is generally racognt?ed that
a potential enemy who is technologically advanced {or advancing) repre-
sents an Eﬁcrea>:§g¥y severe threat, and that.consequently this nation's
ma?ztafy ca;absl:ty m&st be cent:&aoss!y upgraded merely ‘o marataes
parsty, g , . .

The rate af ‘the aeﬁ‘s investment in research hcwever, has been

'Qﬁest:ased ﬁﬂmpe;ent authority suggests that "'The high ¥eve¥ of suppdrt

of basic work is producing scientific and technical Information at such

a'high rate that it cannot be effectively digested, interpreted, éassem- ‘

inated, or put to useful purpose.'! Translated into terms of the thrée
strategy ‘of-.at least reaction,-but it is felt that moves toward an ag-

nale ‘than has previously been afforded. This is inferred.from the fact
that eritics are demanding greater preaf of valae in. re}aticn to the

An reaiety, zbe prﬁbiem faceé by Qefease R&D management is twafald"
Ftrst define a research strategy that is consistent with the strategy
emp?ayed in-relation to alt ReD; and, second, demonstrete that the re-

that strategy‘

: 7- l 3 SeIevaﬁce cf HIN&SiGH? Finéiags to aoﬂ Resesreh Strategy :
and Funding: Project HINDSIGHT was neither intended to define & research
strategy for the Department of Defense nor des?gaed to defend whatever
strategy has been used.. Clearly, however, many of this staéy s findings
are relevant to those‘matters. Further, the HiNﬁSiGﬁT data permit a
limited evaluation of balance among the several areas of - te:hne%agy in
the &aa‘s rasearch program. v

?he purgase ef this discusslion is to htgh?:ght those fsad!ﬁgs that
hear on matters of research strategy and funding, interpret ng the data

108




vonclusion, speculating on their probable significance.  The logic iy as
Tollows: ’ - ‘ :

(l) Consider the return on investment res ulllnq from the
5L|utvgy that has been espoused by the Dupurlmvnl of Defense since 144y,

- (2) Cnmpare the DoD’g rcscarch strategy wiph an avcragcd
strategy of the intensively lcchnuloqical,U.S. industries; and

(3) Examine the likely constqucnces of major shifts in bod
resealch strategy or tundlng . .

’7.2 Measurlng;Return on Investment

During the ‘period 1945-1963, the Department of Defense spént approx-
imately ‘$10.billion on scientific and technical investigations. (This
does nct include a considerably-larger sum that was invested in Lhe en-
gineering deve lopment ‘of weapon systems-and other ‘military equipment.)
The strategy adopted for the support of this research program -can. be
|nferred from several observatlons in PrOJect HINDSIGHT, -

. The most sngnlflcant relevant flnding of th|s study is the determ|-‘
nation that 67 percent of the RXD Events affecting the systems examined
occurred prior to the desngnlng of the equlpment through which the Event
was identified. That is, at most, one-third of the work could have been
undertaken in response to specific problems uncavered while the system
was being deslgned or deve]oped :

This plainly suggests that a conslderable portlon of the research

'money was in fact invested under a, forward-looking strategy. Supporting
evidence is found in the~deflnition of the R&D budget's six -elements.
“Although this budget structure was-not formally introduced until toward

the end of the period studied, it served more to dignify eX|stlng praL-

. tice than to impose a dlfferent research qtrategy

Moreover, accordlng to the historlcal fund:ng pattern from 20 to
25 percent of the ReD budget has been allowed for scientific and techni--
cal investigations.  Any measure of the return to the nation from the
Department of Defense's 1945-1963 investment of the $10 billioh Tn sclen-
tific investigations |nherently |ncludes the measure of a forward-looking

" research- strategy.

A crude but useful way to’ mea;ure return on Investment ‘is by estab-

lishing the cost dlfferentlal between a modern weapon system and an

operationally equivalent arfay of its predecessors. This differential

is then compared with the cost of the science and technology that enabled
‘the advanced system. The posit is that the point of. marglnal return has
been reached when the cost of new research exceeds the: sav1ngs gained by
replacnng the’ earller systems.
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Vs, uith fow vaceplions, the porformance of T T T

Swe apost sysies exceeds cvery essential Janction ob Pty opredeceassr, T

At B possibie Lo entablinh the smmber o the oldesstype thil can be

replaced by o single successor. Preguent by, chovever, The sticcesuor oy

tem provides a completely new capabibity, one that r;mmh::ﬁf&'dmw i - .
systems could mateh, For example, ftds meaningless tuompare oty nom o
ber of the 90mm or 120mm mediom or heavy dantiairwraft pattericy of e,
1955 with the wore récent NIKE-HERCULLS missile delense.  Thi guns were
s Himited with respect to altitude that an infisite number of batterics
could not afford equivalency. For purposes of the return-on-lnvesteent : R
analyses, ‘the systems are compared only on the hasis of capahiliiées Lhat
‘buth possess; excess: tapahi]liy on the part of the successor. is tfagivd
~as a bonus, e ) o . R :

sonnd, because 1t Is essentially impossible to jdentify and
isclate the . upported rescarch in.science or lechnology that contributed
solely and torally to any given weapon sysiem, a cost-valuc analysis of
rescarch in relation to.a single system canno. be parf&rmea I iy
possible, though, to estimate the total Dol investment in research during
the time the knowicdge was gained that enabled the system's dawe}apmeni
and, wnen, lo consider any cost advanlage of Lhe new weapon sysiem in
terms of o percentage cf‘the tatai Eﬁ?estmént.

The Task | stﬂdses af Preject H HGS GHT have dewaastrated t&at the
new knowledge utilized in modern weapon systems was gained predominant iy’ : N -
during the years 1945 through 1963. DoD cxpenditures for research in '
science and techmology in that period have been estimated as betweﬂn
$7.5 and §10 billion; the spread is caused by changes in acce&ﬂt;ng ‘pro-
cedures that are believeéd to have obscured some of the expenditures. ) ;
Hereafter, in ;amparsﬁg Lhe savings accrﬁan frem cach new type Gf Sys~ . . _
tem, the Ligher figure will be nsed

~?%?rd a daf%rruity ar;s#s as a §esa¥{ of various design
compromi ses thot have been made in a succession of weapon systems, This
forces a certain amount of nermaiszatian of system designs before o
comparison can be made. The fact that the roquirement for a considerable
amount of new technology continues throughout the engsaeernag ‘develop-
ment of an advanced weapon system indicates that the system eﬂgfneer has
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haevitied antormationd i doand e cthe A and Toverion, ol the L0140
and the U T trapsport Giraralt. '

The C-130n illl(‘ll.‘\l'll[(.". Phe hoest pertinent techmology avai labbe i
Pande dhe 1300 pertormance demonatrates e ing e e, et
sl Lol by nev technological intommation accumuiated betyaae: IS and
1907 - Fiwited, hovever - by the designers! ability 1o reisniot the new
techuology to the obder basic airtrame and engine.  The G-I peg e -
mance shows that comparatively much groater gaing are possible theonah
O totatly new development program that can exploit ali ol the hewly
avaitable technolagy. Comparvative performance capabilitize of the se
aircralt are shown i Fiqures 17 and (18,

I'n 1959, the Air Force ‘introdiced the €-130 transport aircraft into
servicer in 1964, the C-1h] aircraft was added o the operating invep-
tory  Project HINDSIGHT Leams investigated the difference in the lecl.-
nulogies anderfying the development of these two aircraft and ‘establisked
that the performmncee characteristics of the C-141 could not have been
achieved with the technology available in 1959. Through retrofit, the
€ model (an upgraded C-130) made use of technological knowledge acquired
during the 9-year life of the basic aircraft design.  Modification by
retrofil imposes significant limitations on- upgradlng, such as the ex-
tent to which a fuselage can be stretched or engine power added without
completely redesigning the aircraft. Despite those limitations, the
productivity of .the C- 130 was increased about 40 pchLnt and the range,
about 60 percent.

thru an entircly new design was. undertaken, as for the C-141, the
full potential of technology could be exploited. As a consequence, a
payload differential in excess of .100 percent and an effective range
increase of the same order of magnitude were achieved. . In addition, the
C-141's 1.6x combat speed advantage means that it takes fewer operating
hours to dclvvcr a payload over a given distance, and this, in turn,
reduces’ overall operating costs. A very conservalive estimate of the
return on investhient in"scientific and technological research incorpo-
raced in the €-141 aircraft may be bated on the relative operaling costs
per ton-mile capability of the €-141 and the upgraded €-130 over a
30,000-haur fliqght life.

Tondidering lirecl operaling cost, system support, fligni-crow pay
wel o dowanees | andd depreciation, the totar cost per ton-mile capabi ity
d ke sl oL vatimated ar 0O A siamilarly adjudged cnst o ror the
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o he g pfocurest s e o potential caving o 0000t
MhopercentU ol the tatal Boll jnaeton ot jte gl e B

vo s aete atd technology Betueen Py g 19000

e dent Lo e

) Tocbarity the compup inon ab the =130 and UL aic. 1af U, ome gesint
st belmades HE is clear by onderatood that the aniccvion orivnted disjgn
chatacteristice ol the tyo airaratt ditter. Given the tedhinological
Capabi ity to build hath ol The aircratl y e Al Toree Juin o positiog
tobui ld wome ol cach type of airerabt, wbete such o cboice el teg

serves the total mission responsibility hy Upllllll/lll(] the design far the
mission. - in Jhe absence .ol tmhnuluqy pemmitting the (~|'l| hewvacever
there would be no option, and the €130 characteristics unu|d‘vh!uh|iuh
the Timits on capability, 1L cannot Lthen be concluded that additional
savings ‘would be realized by reploving all €-130% with C-141s. 18 can
only be cohcluded that, in the absence of the C-Hil, the total mission
wou ld be more expensive because the €-130 (or iLs technological equiva-
Tent) would have Lo perform both the mission Tor which it is- uptumu/vd
and that for thLh the C-H41 is deblgncd

VI u:{ ANAEPESI Radars: o Another weapon'gystem studncd
under P|u|ecl HINDSIGHT was the AN’SPS #8 radar. This surveillance and
target -acquisition radar, now beiny used in the fleet, 'is generally an

operational successor to the SP . surveillance radar of World War 1) -
There-have been other intervening radars, but in *erms of technology all
were subsequent to the SP.° It may be assumed, however, that iney used
part of the rew lechnology purchased with that same- S10.billion, so they
need not be consldered un this analysis. I

At least 40.SPs would be required to afford the >ame uegree of
effectiveness in radar surveillance as that obtainable from a snnglc .
AN/SPS-48. Because of significant differences in the two radars' maxi-

mum range capabilities, 39 of the 40 SPs would have to be carried on
separate ships, optimally distributed over a. large area, to normalize
space power density and data rates over the volumetric coverage of Lhe
AN/5PS-U8. Let us assume that this could be done and that adequate
communications could be arranged to maintain the distribution and enable
the effective transfcr of information.

The acquisition cost of the 40 SP radars would be from $6.5 million
to S10 million more -than the S|nglc AN/SPS-48, depending upon how much
the unit cost might be educed in view of the greater SP production.

More important, thcugh, 39 additional ships would be requived, each with
a total operating crew of some 200 and costing in excess of $15 millian.
Assuming costs of $200,000 per SP and $1.5 million per AN/SPS-48, the
direct capilal-expenditure cost of accomplishing, with 1945 technology
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toseaich s iace 1“*‘;5,

lo a marked extent, Jw preceding example b, ospecious. Had there
aot been advancing technology ol acrons e spect ram, the aitcraft
threat that estabifishes the requirement Tor the aN/SPS 08w bd e csies
The capability of the older radar might well have rewsined guite adopiate,
The =ale hﬁmﬁ‘hipnw&ﬂimiﬂﬁS'ﬁMdfgmmmhhmm‘U;Nﬁwﬁ-f&nﬂ;
Pring the magnitude of the payel T of rescarch in wrienge ard Lok
The ecarlior example of %hcaﬂnghﬂi,«yzih&tﬁhvrEmad,ia o Bore. e
crete, i’t‘;ﬂ'bﬁkrid Case. B SRR ) N ‘ -

L The relurn on favestment - in rewvatds
can be similarly aipmrmstm%ed for each of the sysiems stadied. To 4o
{particularly For expendable ftems such as missiles, mines, Lorpedoe, o
other munitions) would involwe the use of highly classified infermation.
on expendi ture-rate planning. In some cases {e.q.. nuclear warheaduy.
even refative~cffectiveness ralios are classified. An indicot.on of
realized returns from new science and technaiagy in some olhuer sysiems,
however, s suggested by thv ratios shuwn . in ?able AXYELL,

NES ‘:"'.'

Tabie XXYIII TYPICAL INCRE&SES Iﬂ RﬁTiGS OF - GPERAT*GNAL- .
- “EFFECTIVENESS IMPROVEMEN] ENABLED BY
: TECBN&LOGY o .

 Estimated factor of

o Reageg _ysten . - operational improvemen:.
L&??en? - Predecessor “___v;;_". __in_a commoi role
M-102 105w Howitzer  M2A! 10%mm Howitcer - - 1.1
He 46 Mod O Ta?peda Mk 44 Torpedo ; . Lo
Hk 56 Mine M 10 Mine R 0.0
BULLPUP ASM : Free-Fall domb R I
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Cleroang o e sew ac Ceee an bescine dderesd alberimtat b re The
Pooe Sl iovddoont i ‘nm- ad fechology. N, i thae ter i
ot Lo e it ratd .|Ih| tada '-Y.'nIo'l?ll‘z...!'él)lt" ati ot gl l_.']-i:.‘;l
e ey |"|«|i!-e'|{-||! types e the nomghily ‘,-‘i()i:iiiii.n eten o duzen
Corn ot SEY B T on haey been vepaid ey, Giemes, 1t Iy L vingd ivi-ly
Phaat Lo poinl of dardinal veturne bas been reached .

U Program Balanee

Dowpite ‘Hin demons {ration thit investment i scicntific i ped b
Lupival escarch huis ofdered o Lunnldl|uhlu"vgunnmru return, Bt can S0l
toochan -w tthat Betier m.\n.u)vnk 1t mu;hl have resulted in cqual retune, -
sroet gosmaller favestiment.  0ne very meaningful test of the adeguacy of -
“Sanagenent iP5 offervd hy the HINDSIGHT data. o

Undoubtedly the two most dilficull decisions that must be nade by

agige s of Sthe DoD rescarch program involve Lhe tatal number of dollars

tu be made Jvaildhle for luscaruh each y;nn.and the relative apportlon
meat of 'und amonq the compolvnq sciences and” iechnotogies. 1hlb s tuady
does -not e)tcnd to a diréct test of. the wisdom reflected -in total dollar
Toveds, L iy possnble,,howtvel, L6 estimaste Lhe quality of judgment

"»Lxcus:uvd in appurluonmvn(s. One mlghl then ‘speculate’ that, because the

same peop le were involved: in both sets of judgments, the’ w:sdom displayed
was aboul as’ gowd in one as it was in the other. Also, an indirect Lest

of the reasonability of the total doliar level is presentod in socrnon
=

“in Tabie 'XXIX many of the sciences and tcchnologlcs shown in Table
VIl) are listed in relative order of funding durlng ‘FY I966 Some i Ltens
were vmitted because thé sysitems in which those techrologies would. be

fapocriant wery nuL-represenLed Ly lhc typcﬁlsfhdied'in Froject HINDSIGHT.

Tacle XXIX. RLLATIVF FUNDING OF SCIENCES AND TECHNOLO IES;-FY 1966

. Missiles ' 8. Physu:s

2. Mavigatio»-and : 9. Mechanical and ci v1l
commnications . enginegring

3.0 Trdugne ' s 12, Materials

a Setbrenicos o 11. Mathematics -~

b, 0 enedlests and fuels 12. Chemistry

i andn s 13,7 Atmospherics

o M b e eetipment 14, Energy conversion
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o iealend o Bogeneae aeeds ) clecliomion apd mates cale aciered begy o,
Frat sy e wmnagess o Bold o aecarch prespiare s ombd gl v ezsae D

Poeduntes Toroerns of Phe seimisiie peu baoubodae in o thooe e . P
wi by, the Dol shoubd have albaated B npnort 1o Fub oo shoa gy ol

¥
amd sareciat,

With reacard 1o the appatent iy v tundisd pavigat fond aml copetcde

i tedhinol Lfes, wewetal Tactor mest be considered,  Pioor] the o
svstem studi o that selied on thoswe ivdr:;nksqir*, v the Havigalion
SHellile, and unly 1h woanhiting portien ‘o the syhtem cae tAamineed,
Bent, major advances i Unese echnelogical ares, postdated met b 11
Cpime Prome (PH5-1963) wih wiH{,E Projoect HENDSIGHD by concerned. B,
ahinoagh Yor ditfering reason., the HINDSIGHT data donot affor an
eepecigtlv good test dn o the cane ;;t lectronien, matetiala, mazigatic
O onmmand cal fons, :

P~ pessible that this parlicular covl Hficient of vank correlation
HMOdaes 3 cireuitous by mdidﬁtwnqpmmmmﬂmn that is, g% & tonse-
yunie of hwavy Tunding, there have ‘becn ma¥u dtc&kp¥stheﬂ§5 P cereaein
ateas of woience and téchnoloyy.  Undoubtedly there must be some corve-
fation between lovel of funding and pfs;&btirty of successful achivee -
rentl to some degree, there is a resultant bias in the HINDSIGHT data.
in general, however, the approach used in this study—the YBifG“p?xttV?
tracking of the flow uf science and tcahaulagy, starting with ntitized
rather than lsboratory-advertised productis of rescarch—serves to wini-
mize the fugscqaeacas of rhe bias ‘

To ihe extent t%at maaagars of Dol research éznta{ed the nature of
the weapon systems to be developed, they had opportunity to eRcourage
the use of their programs® results in those systems. Wherever the
wegpon System was deveioped by an independent agency, such as as indus-
trial contractor, the opportunity would be minimum; and that was the
sicuation with respect to almost all the weapon systems studied in
Project HINDSIGHT. Thus, the rark correlation does measure the gualiwy
of wanagerial judgment in at least the matter of resource allocation.

As previously noted, a coefficient of rank correlation of 4.7 wiuld
he "high." ignoring the posiibilily o logical adjustwent 1o 0.9% o
duscribed before, a corvelation of D.83 i« enough to demonsirate iiat
“managesent has done an excellent job ol allocating its resources omohg
competing sclentific disciplines and amas af technology, '

Tigorrelation ‘Eg%if%t&"t& test: 1 - f

Holh,
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Certain ogments of 108 ilngl\:-.'ly. e thet volontarily i G e’
Fine b i aespanse to the Uneat ob competition iv o freemarber, bioa
adopted a fernnd-=laoking researdh strategy. The ,.u_-r(;'-.p_.u.'v', '(_Hl’l'-'gjll'l',
vharsacentical, petrochesical and other <imilar businesueys reprisent e
technologically dintensive segment of the nation's industry.  Some en-
Coants into-thase Tields bave succeeded and arouny olhers have fui Lied
i disappeared. HU i reasonab e’ Lo pustuiate that resvarch wtrategy,
vacluding ity Yunding d)pl‘(.l nas been -a signif icanl factor in the sne-
cess o Fditure of individual anpaniu; “Inany case), it iy difficuh
to challenye lhv virsdom of slrateglies cmployed by (QMH(FLIally success Lful
Jorpaties. .

tn general, companices that arc chply involved in technological
activities must maintain aggressive rescarch and dcvelopm(n. proqlam :
the marketplace halds a continuing challenge.  The DLperanL of Defenye
i~ in a Lruly analogous situation .only when international pedce is in
serious danger.  When -there is no. nand|ate threal to national sccurity,
it may bhe posslblL to curtail or postpéne the development of new weapon
svystems until, as technology grows, opportunities for cven belter weapons
arise, L f thL DoD research- program is maintained at a healthy level
dur ing 'hosv relatively- penccful .times, the balance between research and
dvvelopment shou!d shift away flom that adopled by lndustry. ln brlcf

I "1"'!,..}.".'

b O DO
_.'.’"t.'-.l.-l, N
During the past few chadcb the nulional socurlly has - contu:unu,ly
Leerv in junp..rrdy. The allocation of DoD resources belween rescarch and
e bepment o canctas meaning ful ly compared with that of this industrial

ave b,
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eavhoatatony dieve lguent, amd o g Lios ol L L maanepera it et Lupken : ' N

seresc et b the BNE T catespery o apploed pecean by

thy Lo avenape, dor the & ?:--;;'-s feom 1967 thrmh (AT  A TRN TR §
repa Ged o applied sesearch s aboat o time Spteater thans Heee e
sosled g esplonatary dovelopment,  thus, the § porcent el the 39 pes
el dor basic amd applied sesearch, renpectively, tiambate o b perecit .
ot the total BuD budget for seseasch and slightly over Hh pertent fin : %
exploratory development . ' ‘

trilizing Bol strategy as a4 bawe for calculation; Table XXX displays,
bor fiscad years 1962 through 1967: : :

. the reported Dol d;ﬁpﬂrtién;ucnt for total Rub {cotumn 2);

. the approxis - senditiures or allocations for rescarch
and cxploratory developme. 7 slumns 3 and 6); o

. the levels that would have been assigs‘;eé if the éwe:‘age
imdustrial funding strategy had been invoked {columns b and 7): and

. the percentage ;iIFFerences' {coismns‘s and 8).

A;}parently the Department of Defense has ‘adopted a more conservative
posture than industry with respect to research dnd, entil recently; 3
more aggressive posture concerning exp}aratery de\r&iopmwt. -

Difficulties in re;&nc%ling the %w'a sets of definitions may bhe
responsibic for greater apparent differences in this table than actually
exist—that is, the DoD’s definition of research may be more rigorovs
than industry's. The consequence of that difference would be a mis-
leadingly hignh industrial figure for research strategy {column 4} and a
correspondingly low Figiﬁ‘e for expieratary development {celumn 7}.

Broaliun of fula on Seienee Resources (Mashington, 0.C.: National
Science Foundation, NSF 66-33, ﬂeaembt_r ¥956} p. 9.

TVt Bevcapeh, Applicd F ~.'f‘33':*fz, mo! Peoelopuend Do Blbocies,
Lt {‘.ﬁashmgten §.C.: National Sc:nence Fourdation, NSF 66~ 23. Jene
iBéS} o Fedepal Fwneds for Rescamely, Depclopment and ofiee delog oo
P de e Ton BT R0, d0eR, 1aer {(Washington, B,C.: Natioral Science

chnr}atmn NSF 66-25, 19{3{3} s 15,

-
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Voeewipar on Gl Dal and Sndeeprial totale o venedtch i venion
tors Jdevelopment combined sugagesta that the BoD s inves Gaent o K7D o .

varied Trom what the averane Tedutefal olrategy wonbd dictate by o did
ferencd anging Crom hi,qh el 13,6 pr.ru.-nl Leta T of =20 prioont,

Obvious ly, . th ".m-llnqy b tween lhv l)xp.n tment (yf Defe nw arud i,
Cry is omat good enotigh fo permit osing this analysis for” moie than
rought check, Compressed time schedules Tor WCOPON=5ys lun. derve lopment,
higher development costs n‘sul!lnq From system spvullultlmv lor en-
Lieme dedgrees of .n.nn.l.)lrmhll ity -md reliabitity, and the tike, combing
te greate o siluaticn irwhich the Dab's apport fonment would be shifted
soieihat L loaer to duvn]npnu:nl than is necessary in industry, This
Shitt should B partly of fset by the Tacl that it is more important to
erstire the survival of the nation than of a single company; .and, there-
fore, the Dol should adopt: an even more Torward=luoking rescarch sirate-
gy thair the mos| tvchnolcgical]y intensive industry, chclthu}uas. the
analysis dovs demonstrate that the level of DoD expenditures for research
in science and -technotogy has’ not been soqnlflc,antly out -of line with
what U.5. industrial uquleqv wnuld pxuqcrvbc in un ana]ogous environ-
ment .

/.5 kéonomicy of a Forvord-looking Research Strategy

In the preceding section, it was noted “thal the Department ol
Defense evidences .a forwatd-looking research strateagy -and further {(with-
mi aiemons T ration) that such a stritegy can be the most effective and |
“Hficiont of the several possible allernatives described in sectior /.1,
Fipdiags o the HINDSIGHT study suggest that. if a steady increase in
wrapet sysiems ' performance or cost-effectiveness is sought, the onty
Wy do avoid a rapid escalation of research cost is to adopt an agies-
vive, Torward-locking research sirategy calling fer o considerable
e o h.’ul.‘lly spvecalal ive rescarch.
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oot e e I g e the teddmodagiog ) diifere m; Dthal st e,

inle e feproviomg the y o lews ' ciet e Ples tivenene an b operat infn!
clrivivney ouhd be Toand 1o the ||n|n()vml Casthi I ivies of tan tinnal ly
simi b amponents and materialy . lhese are the _mpnwu-un-nt-.” that (an
B eyped e Lo esalt from g s ate gy of teaction. Ay g cotpaient s
deticiea ies are identidic G4, a0 U b progeom can be undet taben te,
improve the compenent \ulhnut necessatily seeki ing radicad new techniques
for perlotming s Iumllun SAgaing this Bu o qene ralization, -but it iw
Lacmor e alten true o the 10 systéms. than not 0 ' '

1 Figure 19 the et imn_'lv_d improvement {actor for the "pr(-ik con i -
SUC S SOT p.;ils‘is'plu!tvd againet a measure of the predecessor's tech-
nical sophistication as o function of the number of RXD Eventy: l’(qu:rnl )
Lo-attain the more advanéed successor ,y 2len, ”Improvumwn luc’hv i
detined gs the tatio of the successor's cost-effectiveness to that of
Lhir predecessor. (More rigurously cunslrucd it is effectiveness/costs
etfectiveness/eost,) . The sophistication of Lhc predecessor is assessed

S terms of cost per pound of the production model.  The particular -

function of ‘the number of RXD Events is the logarithm to the base 10 of
the number .. S : - : ’

Intuxtuvely, the mathematlcal formulatlon expnessed in the plot
apprars reasonable.  Experience tells us ihat generally, as an equ1pment
becomes more complex or sophvstlcated a greater amount of effort is
requited for cach successive. increment of improvement. . Analytlcally,
that experience may be rephrased: The improvement factot is ‘proportion-
al to some nonlinear function.of the added complexity or sophlstucatlun
of the new system and to the leve!l of complexuty or SOphl tication of
lts prudeccssor :

For the flrst-order approxnmatlons permltted by the avanlab]e data
it appesred reasonable to assume a.logarithmic. relatuonshlp between -

_number of RXD Events and improvement factor. . (The reasonabllnty of ‘this

assumption is supported by the fact that the data fit a straight line
over ‘a range of departure that éxceeds a factor of 10 on the vertical
axis.and a Tactor: of 30 on.the horizontal. )

F:gure 19 provudes a means of speculatlvely demonstratvng the Ievel
of research costs: that might be expected if the .Department of Defense
were to employ -solely the strategy of reaction in Its research activi-
ties. Assume, for example, that an improvement factor of about 60 per-

.cent is desired in a solid-propéllant “inertially guided ICBM. - From

Figrre 19, the factor, "complexity X log;q No. RXD Events,” is seen to
be 0 07, VFnowing that an ICBM of the current generation delivers for
roun-lv $4G a -pound, a requirement for close to 1,000 scientific or
tecoadlugical advances is evidenced.  Now let us assume (very conserva-
tively) that, on the average, we can expect full success in 25 percent

of our research program. That is, of every four ideas tested, at least
one will be found worth pursuing.
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- e encbirntesd boba ol SER0 T mi T i wouTd b reiprinaest bea s cret e
i’: P T I 1| tmhimiwa;; o achieve an ;i‘ii*i’n‘\’t"i!k‘“fv bt that }f‘ st
r L : : ;m,g-.;z,t;;;g - ol beogredl enomgh To gain atsepfadee fed fhe s
L w : adv et [CHM, . S o
% . U the researchers vebe anhed o provide o seans Lo ingiosiog o
5 sihivans wapab iy rather than fmprove o sgiven bepe ol Lptens the
} suntimg witualion might be conpletely diflerent,  fo denone toate St
4 ‘ Aight oceur, based on expericme, et oo Toth at o dilhefent cramp iy
‘;*‘;“ o Uperat fonad ly, ‘the Starlight Scope,a ;%i:;ht seinion deviees twdied G !
- e Project IHNDSIGHT, replaces the /x50 binoculars. Obvionsdy, Bt iy sant

T Cunlitely that any amount ol improvement in the optics or medhaniosd

4 structure of b?nocﬁi&ra'cnuid mafeh the new deviee's Tight amplificatios
capability. Honetheless, assume that, inslead of introducing completety
sew tochnigues based on results of some spuusis;twv researsh, it v
desired Lo improve the hfaunuEars,

Working through Fic}m’a 19 and using the actual fmprovement factor
bebich is (,h?‘iﬂti'n.d) of the Starlight Scope over the binnculars, nue
fFimds thqt again, about 1,000 BXD Events woeld be needed, as cumpared
to the has% th;m iy EVEI¥ES~ that were acteally identificd by the siudy

Another example oifering comparable numbers is the Navigation
Sctellite with a "wuch lmproved' loran radio navigation system. .

Admittedly, both examples are specious; but they do make the point
that murked vperational improvements In sophisticated equipment arv for
more likely to be 3&hewed at wmoderate cost when csmpietew nuw tech-
nigues are introduced than wheén the overall improvement - is: seughs
through the deliberate refinemerxt (zf each techn:qae used in thr. pre*dc,-
cessor eau;pment.,

These simple cases shaaid demansts‘ate beyar’ed any reasesab}e douht - :
that an aggressive, forward-looking research stralegy with considerable
room for speculative research is essential if weapon systems are to be
improved on the hasrs of aew sc;ence and techna?aqy gamed at minimum
costh.
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Soool o Pavalt sl ol h d e .lu-n-m:ﬁ Delai bed rmtics of ceacl
satapon vsten Uil v sdaei Fieant by Jiproved thy o fuctor ob L4 o
Moted e prodeceanon systenc that poertormed o gereral by sivi o = b
tars baiic Lion aeveal g Comimon pattere, - G0 e !'.gliv"ly viryy te et
an e araer o 100 to 200 scientibiv o technological advances that
cont eibute 1o the improved performance ot the Later system. Typically,
the patential conseguence ol any .indlv Lvenl i trivial. - I Pn, talhe:
the skilltul dintegration of many ddVdHtUS that gives, lht nevisystes i1y
greater operational L.»pabl tivy. o

’

‘ A numhql of Lhu.advqncu5-uxunl1y in tdennology and typically about
hatt-of those dsdentitivd through a single system study==arc not obvios
ly. contingent upon any othier recenl advance.  The relevant science. iy
old; the materials ond fabrication technigques required Lo implenent Lhe
idea in a useful:form Kave been -available for some time. . Apparently
independent of anything else, these advances could occur at any tince;
and undoubtedly the frequency of their.accurrence coutd be, accelerated
by the lniuslon of more muncy into R&D program‘

ThL othcr half of thc Events, howcv;r, are rloarly depcndent on
other Tecent .advances in science or technology, very ofLen (as ‘noted in
seclion 5 1.1) . on new materials,

It is‘the;1at:er-group'of scientific and technological advences
that provides the pacesetters. Because they must be sequential ‘in time
(each conceived, Its validity tesLed and demonstrated, and its existence
advertised before iL can be used), it is not obvious thaL increased
funding will S|gn|flcantly hasten, Lhe realization of, advanced weapon

syskems. -

Moreover, to the 'extent that current managemen® may be less than
optimum, there may be unnecessary delays in fmaking resources available
for testing fdeas or im advertising new scientific or technological capa-
bitities. This, however, involves the management ol ‘available funds: it
doesn't provide an argument for additional funds or indicate that addi--
tion: ! funds would offer any partvcular advantagL.

Next, as noted in the findings (section h), a :lgnlflcant number of
RXD Events occur during systems development and respond to problems that

123
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In brigt, the criterion for the rescarch program's wiee iy bawed on
the needs of future weapon systems aied other wititary equipnent, whidh
in turns are ktwwdiw future operdtional requirements. b the absence
of fdentifivd future s.}gwsdieﬂimi requirements that can he interpreted os
a need for doubling the fL&L&tth hsége Hitthe gain can be expected
from such an g;{,imn Co

7.6.2 Acceptability of Reduced luvestment: The answer to the
second guestion, ‘Would a 10- or 20-percent decrease in the annual
investment still bring an acceptable return?' depends upon inteéntions '
regarding future system developments. Assuming that the replacement of
wedpon systems will continue on a roughly 10~ to I5-year time scale, au
noted in the systgm stgdies, the éata sugges‘ that any decreasc would: he
unwise, .

First, it is to be expected that a reasonable percentage of the.
replacenents will be markedly upgraded versions of the same systems.
Figure 19 demonstrates that, for these cases, the research budget should
be greater thanp It was in the 1958-1963 period, in which about ha?f of
the new. technology used in the system% examined was spewned :

Next, as Figure ik shows, 33 percent of the requisite new science
and technology was generated after the using system entered engineering
development. The need for many of those RXD Events could not reasonably
have been anticipated before system design began. A considerable per-
tion, however {perbaps 20 to 30 percent as a rough ‘estimate}, could have
been foreseen and the necessary research uaéertakea if the funds had
been available,

~ With the advent of advanced management systems™' for procuring
weapon-systen deve lopment and the requirement for detailed contract
definition—along with insistence upon the use of fixed-price Jevelop-
ment contracts and the iﬁEFGdhctlﬁs of incenlive conlracts calliing for
\ ‘

s

- M. Meyerson, YPrice of Agmission inin the Qﬂfpns? Buasntsa
{ar*'h:{f*f fsu:::-f b Hen Lent,, 55 i, 39&3.
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. e has been suggested thats improved ssatagemenst of the -bol's deaearch
i proane Could reduce conts by establishing condl eliedtiveneus cortrols
Vo cienior devel in the decision process s lwos bindingsof Pogiee
S aenes it Lt dion thee pnmln.llnluly, Liwe n-n.llnlnly, and even l'u'
& e dv‘lllhIIIlV ul such 'Untcpl :
ba »llu‘ fizal and perhaps more imporfant of the twuo Tindings is that,
! Csupitisingly often, a particular set of Circumstances was  found 1o exint
LA

S © when areally new fdea was introduced. . cIn o cach case, the judgment of
C recogni 2ed authol ity was that the research proposal offered less.promise
Athan another, mure poputar one. “The situation was sufficiently aggra-
vated that the lTess renowned H‘lleldUd] f()und it necessary to estublish:

- separate daboratory facilities and seek new sources of funding to pursue
DAY © . his ideas. lalerestingly, ‘in at least four examples found during Project
PR HINDSIGHT, -the new idea Lvontually resulied in a. dominant lcchnology i f
oo T reasondble coscseffecliveness criteria had been enforced, it is ]lkL]y
R E that  those- new chhnolog:es would not have become . avallable
g : : : . |n”retru,uect the difficulty of falrly appralslng a2 new science or

an untried lLLhﬂO‘OQY is apparent. Thc basis for. judging either cost or
effectiveness Tn' those cases—to the extent that the situations can be
reconstrucred—would riot have bu*n adequate Lo warrant suppotlvng the
reseq th

LA Hultisourcc funding is essential to the contiinuing encouragement of

5 new ideas and the maintenance of viable technology. This situation is

R " " not compatible with detailed cost-effectiveness previews at senior man-

7 . agement levels. Clearly, in view of the magnitude of the research ef-

L Forts discu,sed here, dlscretlonary expendlturcs by laboratory- lcvel

p : management .are essential.

o The ﬂecond pertinent matter suggested by the HINDSIGHT date concerns

oo ~ the typical amount of time that elapses between an idea's conception and
o the beg|nn|ng of actual research on it. The median delay appears .to be

ﬁd o a few days. The average delay was 3 to U weeks, a few very extensive

% LA delays iccounting for the big difference between mean and median times.

A o On the basis thal Lhiv was only a sampling ol Events, the tentative

- ' “conzhusion i« that the procewses of rescarch in science and technology

v e are generally intolerant of extended delay. Presumably, unless resources

K are guickly made available, the originator of Lhe idea turns to other

ud
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*L8 Relesatn e of l{iﬁliﬂ}tiiii 1 flimigs 1 Fovetraenl in beeasane b

ftie !i'h!;;lv:{ that b wmccending semetclion of o weapan ys ter
Pt e sl few weivme amd more e Lesbmedogy uggeste that, eerely
ot madnbain sinimen acveplabbe Inoreagaes o wysters oont el bos ot
the tulure asmnusl Pnvestment will continue to i i

Several possibilities For o boticr management contepl are ofbeed
by this study®s {isdiysy, and theis ;uai ciows ewpluyment should fmprose
the Tunding and conduct of resvarch, dn geoeral, this report s seope
dovs ot estend to the operational interpretation o the actual st by

which managencnt may be improved. %awvsum-:;% in rescarch by the ol bos

produced a high payelT in i;:ip;‘aéved sYSi*‘iﬂ‘x effectiveness “hrough e
combination of several factors.  As stated in the finding {vection 4. 3 7}
A high combined inventiveness, or ss;gvnut%y, and :z{siwaimn rate are”
dupendent upon the Uime and space coexistence of Ffour primary fac tors-— -

‘the recognition of need, a source of idéas in the form of an cducated

talent pool, L&pti&? resources, and an au&qt;att‘ communication paih to
potential users. The primary responsibility of the Department of Defense
research managers Is to find the means of easuring the presence of dIE
four -in the proper balance ia meet f.sn;re Syﬁteﬁ’t'; necds.
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Ceansiderable amount-of exposure Lo the ULS, scivntific and technotdgical
commani ty, hielily through the publication of formal papers and inguiries

-extent by using -teams’ of 5, 10 or 20 nnvcstlgators on . a snngle Sys tem, -

-of new research findings to weapon systems might be suspect; or the

focused research effort might suffice for the futurc.” In the' range of

(" LU TS MR PR B AT I

e bty b Piooeot NN L e Phunlabong, o egual dey v g e
tae cata el o bge pambeer oo Th S appeoach 0 o on 1he ey
Crart tne Peearteent ool Deteneee b penit wany it L, ol bbb v
SR genetal e cpeerat ional ! et bt by i Lar seapen - g
ooyt the e Unnbe by Shong Bl e f-;u..l Fi vemmtal o any agetao g1
cotoe atiear i i b Bistory . ) ' .

e analysisy of i,lr!'-'lh:mlim_l-»q.allvn-u"d by the DINDYTGHDE vmicthoicdon
Tmeved ,  headne Lo o Fasions That are sieaninglul only - in tetie, of g
Gidgani cationt s miasion, I.-i"(-x.nup]u-,» anageney vhose objects e i the
grosth o edocational institutions and an agenc y that iw pestiicted too
the use ol goaeanch prndu- to saonld interpret M"unditected basdo resear ol
ditte enthy, ’ o

Since Prbjccl_HINDSlGHf’bqun, these sstudies have heen given a

by interested:péople, - As.a conseguence, o number ol guestions have. boen
raised and criticismm’ voiced about sreal or fancied weaknesses of the .
mothodolegy. At the same time, participants: in the studies have also
heon concerned with methadological validiYy. For that reason, the wost
vbvious suspected wenknessns nnd thosv that .ould be mosl ,.qnlfncant
are analyzgd here; S : : :

3.1 DIffCFLHCL in lnvust:gaturs Abiliiie;-

Fvvn though a reasonably succinct deflnitlon of -an RXD Lvenl was
established, the investigator with the greater.sensitivity, experience,
interest and diligence would identify more Events.. He would also more
readily appreciate that there may be several Events in o scientific or
cechnological: advance that-a coworker might - consider represents only .a
single Event. This. methodological weakness ‘was circumvented Lo some

and thls provnded an averagung effect.

More |mportant is Lhe fact that ‘the total study is re Iatlvaly in=
sensitive to the exact number of Events found in studying a given system.
In cases where only one,. two or three Events were identified, the value

cvidence could be interpreted-to mean that -a very small bul-sharply

20 to hundreds  of ‘Events,; however, particularly where -a great diversity
of the utilized areas of .a ‘technological or scientific discipline s
noted, -the evidence clearly denlcs the potential of a limited resecarch
program. : : :
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" of Events maght be found. Conceivably, that could introduce marked
gifferences in the é:strshut:an of factars dsscussed in section ﬁ

_estimated 70 percent of the possible Events, it included apprex}mateiy

et ;lt‘E'l‘iii l!'fﬁt';.iiiﬂﬂ e ‘w;t,nshi [ I TR e e P Tl - & M
Tty s e ‘-Eus“t‘;i, [ BN T ey o et the B el sl e
Sys i Dy vompensate bor the e bat ive t?méc-u;;!ém".-. et the adieaetug!
Studien.  Bat, agein, fhe tegpuis ity ium P o the panbes 2% It TR B
fdent i ied aeed e no better than the proecinten with éhich con
ettevtivencas. gt o are st imatesd,

To this emd, the mber ol fvesty o tually fdeatil el prr oLynten
may be assiygned o nommalicing multi ;iut fartor hawed upon thee S twdy

feam’s estimate of the thotoughness ol fts coverage, Lee section

used, with 1,33 fus the LANCL missile, VI.E}‘; for »th‘z*‘!-im'is‘ LG mine, and
S0 on, . S . .

8.2 The Experiment®s Repeatability

A sampling of all RXD Events, rather than an exhaustive wtudy,
tends to mitigate pgainst the expectancy of a high degree of experiment
repeatability. That is, if a different team were to repeat the study of
a system—~particularly one -1ike the C~141, in which the sample studied
constituted about 20 percent of the Eveﬁ{s jdentifijed—a different set

“?;sac;pai Fsﬁ&;ngs.

To ‘measure the prebab;l;ty that é;fferenz groups pf tethnscaiiy
competent. investigators would identify srgsaf:caat?y different Events
as most important to a given system, two separate studies. of the Hark 3
Torpedo were made. One team investigated almost 40 percent more Events
than the other. "Although the larger sample stil}l contained less than an

90 gefceat of the Events st&éreé hy the other team. -

‘More ;mpsrtaat hawever, éistributians ameng sach matters as faaéeng
sources, research-performing agencies, Event costs, etc., were essential-
ly the same. in retrospect, this is not surprising, for, without regard ..
to the weapon systems studied, these distributions remained sensibly
constant during the time the HINDSIGHT data base grew from 100 Events
drawn fram seven weapen systems ts 710 Eve&ts from 20: systems.

S 3 Basis for lnveatzan €§a¥m5

Aaother questian on the stﬁdy mathedeiegy conceraed tine teams
apparent willingness to accept claims for inventions in the absunce of |
patents or other documentary evidence. In terms of the Project’s objec-
tives, this Is not a weakness; and in some cases the investigators in
fact doubted the absolute validity of claims. |If the identified group
was really not the original inventor but honestly thought it was, as long
a5 management agreed with the performing group, the environment in which
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lv\lumluqu.)l growlh et ’

RSN L . . T
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A discussed i section 6,200, "Gendial Observations ) the trans e
of resear ch events from undivectod basic rescarch to system application
can require 20 Years or more, as compared to aboutl nine years for the
directed basit research. category. . Since the focus of Project HINDGIGHT:
Wias on the post=1 194y period, it.is . acknowledged that full recognition
Ias not been given to the long= term growth of scientific knowledge.  The
reader is reminded that the strategy adapted. in HINDSIGHT, as descoribed
in the Lxecutive Summary, -included determining to what extent performance’

. : (cost=ef foctiveness) of new weapon syslems was dependent on recenl ads

' vances in science and technology.  Thuercefore, no valid conclusions can
be drown from HINDSIGHT concerning the long'lcrm value of - undirected -
basic research, since many of these important events fall uutsudL the
time frame of . thut rtudy (|9b6 l963) :

8.5 InVLstggatlon of Failures

PFOJeCt HlNDSIGHT's methodology might also be CrltICIZGd because no
control group has been established; but failures are extremely difficult
to define, and fallures or unut}lized RXD Events have not becn investi-
gated : . :

For instance, although it never became operational,.the NAVAHO
missile was amost prolific source-of useful technology. ‘It appears,
therefore, that profitable lessons regarding poor rescarch management -
cannot be learned from a study of unsuccessful weapon $ystems. ‘Research
is undertaken in the quest for knowledge, and the disproof of one hy-
_pothesis may be just as important as the proof of another. ‘Thus perhaps
only inconclusive research may be classed as a failure.  But the diffj-
culty of discriminating between inconclusive and incomplete research is
a delicate problem that ls well beyond. the scope of the teams |dent|fy-
ing RXD Events . T :

A

1. W
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1
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fied e needal with sencral policies e the anddynte amter Fone oo
oo THiuatrate, vy high v s lation i ubnerved laebincn e Sy o e
tanding amd encration wb e kioubeshie, yet oot rent peanpes ot g0l

ctead toward the greater centsalicatfon of furding centeod,

Apin, procurement policies relatinmg 1o we A oy der deog o

ate Banesd on the danumpiéua'ihat b the sequisite ttehanluq E; Tt
ot that :&'ﬁ‘n{htl}} S Leehaival probless canbe divcovered o vl
venteept -foramdation and contrac t~det inftiom cyche. Clhe Svidetne fbhar 20
tocs percent of the new Anowledys iy gencrated alter the devetopment
contract i awarded invalidates (b it assumption.

Hore subtle conclusions must awail complotion of the seoond tanh’,

S.o Biaw of Investigalors

Despite the odvantages of using seaior inshouse Defensé peraonne)
Lo fdentify RXD Events, there was concern over the possibility of bigs
on their part. As a consequence of thelr primary jobs, these people
have a personal inferest 'in the Dol laboratories and might be expecied
to picture their parent organizations in the best possible light. This
undoubtedly tended to increase the number of Events jdentificd as vccur-
riag in the DoD laboratories in ratio to those originating in the unjver-
sities and ;aéust{y -

A counterbaloncing effect was noted and éLscrrbed however,’ by wome
of the weapon-system study teamé. In the words of the team cap{a?s on
the Mi &UTEHAN i staéy = R » *";4 BN
it must §e raa%:zed e that ;adsstry is much ‘more ready o
- answer government solicitations for reports of aoatr:bu{ary
research than even government labs or ‘universities would be
because of the profit motive. .Industry was; in post cases,
happy .to supply our team with-reports to show their research
contributions to MINUTEMAN; whereas government labs bad often
changed personnel and did not have either the time, the hia~
torical records, or as yreat a motivation to show their resnte
and indirect contribution to MINUTEMAN. Industry's contribu-
tion was more dircctly applied énd more casily ond quickly
ohtained from recards. '
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Pioedsang s pirebanls based oncthe ot thal the fovestigaior, reedines
nel i plic b participmt o the Dol Faborator ies more vasid g Wi
peadi by bevade ol biay than they did o peonbe o e aed e ilie,
and i_n.\!xl-‘ir\_‘ o C ) B

The invest Pgating Jtaeld .n‘-l.gu'm(l-. pimatily 1o hardowork ) paticne
amd persaasion, - Among the essential charatetiotion ol the inves tigator
dre sensi it Tty ~hased on broad experienie S researeh wr caplorateny
deve Tepment, wyslvm worh and technival management.-——and o it ical senou
That Jemands supporting evidence and cont imatiorof information receieed.
Purely technical experience in o singte spocialty doeys not wuffjce. To
the greatest - oxteint pﬁn\ihlv, these criteria were conyidered in welecting
the members of study teams, : ) K :

‘8.7 Distribution of Event Types .

_Probably the most sorious drawback in this approach is an inhere

bias in the types of technical accomplishment uncovered, an uneven

distribution that can perhaps be eliminated only by asymptotically ap-
proaching completeness, ~Thus, during this type of study, a typical
ordering may be ay- follows: - B .

] (i) Engincering achi¢vements involving subsystems and major
componunts . These were treated as Yelements' or sources of the lype of
information sought. : .

(2)  Specific creative activity in design engineering that has
the effect of advancing the state of the art, is frequently patentable,
and is essential to meeting specifications. Such.activity has been in-
ciuded within the class of RXD Events in spite of its ai iw:e character,
since there seems to be no good reason for excluding it.

(3)  Exploratory development in materials and mdter?afs'
processing, which is characteristically performed by industry.

.

(L) Other exploratory deVelobment, also predominantly
industrial.,
- (5) Research performed in industrial or government labora-
torics in the United States or abroad that led directly to exploratory
deve lopment.. -

o (6) Research in universities leading to exploratory
deve lopment, - i
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SUBECT: Projoct HINPDSICHE  Expanded Stadivs o fI{.-:;u-.ll"c"h atrd Cleschno loges
Whicly II wee Been Pribiced in Weaponw Beatems

Im-pHn|suM\pmlmmmlnnh.m.Mlm;inlmwijmMImﬁherlﬂT
WHBKSE, Ty December T964) i the Farger study performed under cont ract
te Arthur b, lllllt, 'h(. ([ lunu |“h)) .(Uplva of \hllh Tiiive hu-n'
p'..n'nlml Lo vour uH lu' have s lmwu llu-' Foa ,llnlllv ul i .mvllmd ol his-
4 \\'Ilul Tin hasod upon L Tdentir l(ulliun in weapon sy
toms of the most ;lpnxllxnnl contributions lLum rcsvurch and (Apluhlhlr
dbv&luﬁm‘nt (RXD oveints), lthU h\h ‘evenls can be dndJV/Ud i fhe lhu
pllul studices illusLtaLc so s o lduntlfv mnnahtmcul Laet urs whi‘h
dppear ln hv aan(lllud w1lh Lhclr'uLLLLAJLlun.

A broader dutd’busg-fhnn thuL'prdvidCd by thaipilul studivs is nevded Lo

wmore Uirmty establish, or pérhﬂpb disblch,'Lhc hypotheses made thus far.
lu addition, a broader data hasc hd Lhie possibility of prnvndxny somy
sorl of quunlltlllvo mcuwuro ‘of the overall payofl to weipon thtvma of
the Dvpllrman uf Delense anestment in tcaewrlh and .te Lhnologv

Findlly, the report of “the House’ CommltLoo on DeansL Appropriatluns
(Repert No. 528,717 June 1965) has questioned both the Lf[xcxeugy of
mdua;umLut and ‘the overdll payofi of the DcfenqL SLlhn s part of ‘the
Rl)l\\l' bud;.,('l.. : o

[ belicve the LLmL has “come, therefore, to make on a pr1or1Lv bisis a

-cumprvhcns[vc‘dna1y515 of the mest of rLﬁLath and rothno1ugv on a

HuhHLJHLIlI mumber of meuxLant weapon syskems now in use, in procures-
ment, oF in the advan(gd stages of engineering development.  This study
will scéok: (1) to identify and firmly establish management factors for
research and thhnnlnhy programs which have been associalod with the
util:;zation of the results produced by these programs: (b) Lu,mcwsuxv
the orerall doecrease ficcost-effueetiveness in the current gereration ol
weApen svsLoms -'i1|11|1.'1l‘(.-r'.l"td their predecessors (when such can be jdenti-
fied) which is assignable Lo any part of the total Dol investwent in
research and fechnology. I Qs currently cstimated thal, counting all
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eatab bl o 0 prtar ity %r‘.;-'s‘ B L TS O o O TN TTRE RO S

o e Beputy Birector (Beavatch and Feehmedop b, with Thee bn dpne e nd ol .

mih iy g vonprehensive analy ob o aant fal mirdeer of saefed bang

weapen svateing, with the peal ob ot Feast o probimboar o seport bee April
L, P FEeh Hilitary Department wif] be Jskesl to provide tall tir
ceaperiemced toclineal oflreers o vivibbon sagioen sosr Pentinds swert buye
according to the plan out amad iy At Lashment Ik, The wumber will howe 1o
be adeterinined s Uime goes by bat ecventaally up to M Lion »t‘.xt boIngiat
ment mav be indivated. :

By desiynat ing the participants as i house, | oespect that the sajorits
with be trem ool laboratories, and systems cupinoering and asunpeachl
organizat fos, although partfcipatfon From the speeial nonprof i1 orpani-
ations will be eneouraged in aveas where their vrportine o needed,  We
wizh, however, to exelude dontractor organizativis specifically hired tor
this task. | belicve the io-house and special nonprofit groups will do
a iwt£vrjalz ‘than cont ractor organizat jons heemse {;} ‘they leve broad,
relevant exper fence, gh} using the method of forming Leams, poople with
specialized exper ieun* van be'matehed to particalar systems, (o) they
have more ready aceess to the frecessary: Lnfarma{zon much of which min
be proprivtary, and (@) the sdudational value of p,srtik-i;m’tirm will be
substantial. The last point is particularly fmportant since one of the
primary goals of the project s to formulate new or improved yu}iﬁ%us
for ﬁanggin resuar:h and tpchnaivgy prsgrdms. .

Lwill APPELLidtL vear 5:ving hlgh priarit} to raqatha for prople aund
for other types of suppert. Substantial partigipatiaﬁ of some of your
most able-and experienced poople is essential (o the success of this
project. Specific requests will be directed to you Lhrﬂu?h my beputy
for Rescarch and Technology. He, in turn, will be warkiﬂ; closely with
your representdtive on the steering commil tee, which has been moniluring
and guiding the pllot programs, and whivh will continue iu a qtmsl&r
role for the new project.

Fucther details’ can be ironcd out at ‘the Research and Fug:nvaraay

Policy Council meeting on July 12, However, if vou disagrve with this
general apprﬁath, please notify me immedlgtelv. 1 sec no other way of
“(tisfvzﬁg the Congress and the Secretary of Defense that we are getting
tur monvy's worth for RXB. Failure Lo satisfy these guestions will al-
Jost certainly have serious consequences Lo those Pregram Categories.

/s/ BAROID BROWN

Attachment: ) ' :
Outline of Plans for
Projevt HINDSIGHT
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T TR |

GEOCTRE OF PEANS T0R PG i L
e o Reeaec b and Seonne togy Whie b e
' i weation Sy Lo '

LR AR ST A FEY S |

Lonomred Avenong e l«<onson, TR T o appeinted divedator o Prejeo o’

FocloMilitary Depat teent appoints one dull oo e deaw capts |in ta dteard
o anifral amalvsis eroup. T b series ol seGtingss, Gols nu | B EN R TENTITEN
the Lear cantaiae, and Che steerine commil e make The finad e ln Uit
oo svstets ton donitiol study and agree on o dnicinl stretepy and pre
Cediies. ' .

Fava Leam captais selocts Cive meabors of his tean who are to e
assisned ruil-time Lo this project fur @ period of at least ? wmonths,

) mbers gre Lo be seleeted for theiv teehinical compet ence “as wel )
an Cheie special knowlodge of the systems biing studicd. Thie appoiut -
Tont = are pade vith the support of the Assistanl Seervetary (Reb) o! the
MiTithaey Department withwhifch the team member iy associaled. :

Soptember 1

The ¢ntire proup meets for a 3-day planning session in the Pentagon.
The teawm captains, the director, und the steering committece wx]] cont inm
to meet at regular intervals tllrom,llout the study. :

Seprember 1 = November 1

The studive of the firvst group of weapon systems are performed and
cogpleted. The ohjective 1s to identifv and describe the RXD eveuts,
determine the place and time of urlhin, and certain other factors in-
cluding selected aspects of the managvmunl an1ronment 1n the originating
orgaund: J“lun .

Noyember 3 - JJanuary 1

Replacement teams of five mewbers each are formed around a second
set of svetems.  The captains of the new teams will cither be formuer
Loeane cantaing or be recruited from former team members. A second group
ot cvapen svateps are studied. ’ :
A R SR

Vst bt are formed arvound a third group of svstems.
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W

Mareh 1 .\i!ri! i
X dratt of g smmmary repurt cover it woirk o oo € e prejersd,
At this tiwe an sesaament wi T b made separdiog the ot b ot

e Tutady.

P oeach of the teams can on Ul average amilvee ond sy Lo ot
sonth ti.eo, boman months of work poy svstesd, then 1 onynteus Wil e
been coversd fn the b month wetive stwdy interval from September §ots
March b, This giii&‘iiil o vomsider ably less than bl the fnventury.
HUmay be possihie, anee oxperiencs has béen gained, o czprid the study

fu 1 fast Cew wonths by the Formation ot still mere feamy,  This il

be determined after the Pirst three teamus bave completed theis werk,

The Mititary Bepartuenis will provide the captain and Ceai monbers
with sdequate travel Tuids and other support, ineluding off fee space
secretarial services, at a ceptral locut fon, ) : : -
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AbpPrits &
Mot i om0 a Resceaaoh op oplhoatony va-l“pmrh! boaeerer
S At 196,

veteral PetaniCion o an Kxh beent

S RND Gresacnnel o exploratony Jevelopment) Lvent conniot ot e
coenrrened ot acnoved ddea and Ca shsegnent periol ol oacCiva e sdur ing
Swhich the fdast 1 I‘X.Iljlilll'il U l\'.‘i"“l(.‘ Tha-. KXD Evient (l_“l(-l.". [ T T S 13 ]
wise simita human endeavors solely. in that the it i of eEaindgl ion
i [\\ ill\_.il;i v seiivatit il‘ or (-_-(‘linnln';'-_il':i I \~:~£].il|il‘;|( fon, )
Within this, dLllNlllun lhu period ut nxl:vnlv' dindyothas, the:
bvent.-—is tvpically of relatively .,hur} duration, trom o fow weckn o
viiew ment hs, o For e, nmpl(-- Al some Lime §n the past, thiv ides oeonryed
to an individual or wmk )-rnup that o hivdrodynamical by genvratd pan
journal bearing for apyroseope rotur could enable dimproved gyroscope
characteristivs over othey nnuthunmu«nn-m]vavulMdv CThe
activity of Interest,-or Evend, ‘wotld consist-oiily. of so0 wuch asin-
volved either (hﬁo}vtilql Jramination of the” influence -of bearing.
geomerry on st.tl( and dynami ¢ lund~c1r1y|n; Lapuvlty or ‘a simple demon=
Striation lhdl a rolorllkc mass could ‘be huppu.[vd on i hydrodyiiomically
generat od-gas hvdllng |uurna1. ln otherwords, only Lthe initial (invess
tigation adéquat-to demonstrate technlcal foxaxhnlity of thie fundamen-

tal Jidea is ineluded. 1t is important to wnote that this Event does not
extend Lo a prototype pyro dcvulopmenL.

spevial Considevat io'lis L

. For purposes of the Departmeut of befense study of RXD. ef fective-
ness, those Events that eontributed to developing a' weapon or other
military system ot a mL11Lary capabllity are of primary intérest. A
nonconttibuting Event might be of interest 4f the idea has been tested
and is recognized as continuing td be of ‘a high potential value buL for
“some technical reasou, has not-yet bcen oxplo1tod

Finally, the matter of idea novelty wnfrants clarification. . The
RXD effeclivenvss study is addressed to the ascertaining of environ-
mental factors -associated with the sucecessful prosécution and utflizalion
of results of RXD. Tt can be safely assumed that a piven-idea would pot
the same treatment whether of.not it was .in fact novel—as lony as the
~eovorkers and supervisors of the.innovator thought it to be movel. ‘The
critevion for novelly, ‘then, is solely thL conl@mpornrv opinznn of the
immediate sponsors of the idea. :

.T_nﬁt_(- rface Act IVLty

‘Based on Lhe ahuve dqunitLon n[ an RXD Ivunt, the history of Lhe
deve lopment of o new dvv1co»ur component can be expocted to contain a
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aevhr rea;u* ui ihv itden {.ai iy ur.faash of ili:‘li;if{li HOIN
hwni\w:} inthe tn;umlli:m of knowlodpe, through
voincidentally wi portinent to the iden.
to the left ol 1 oindicates the aequisitiag’

eehuieal Know-how, uper-
At

Activity

Prior to the
the innovator was
svhoel fug or experience, tha
Each ot the minor excursiony
of o hit uf keowledge.  The s bils consist of
ating enviroomental factors .Hsd, pvrha;m, operat fonal rvc;ts;n-mmls.
t, some trippering elemeat enabled. the calminating of all of the pres
cedents iute the Wew, ‘;tﬁ;swpwﬁtly, tiw :uh*,t in shown to be weder ac-

tive Lovestigation,

Continuing with the gens sralization, assume that the oufput of the
sbove Event ls in some manner related to avether jnmovater. 1f the
Iatter individual makes use of the information in th?‘dLV?le!ﬂ? af
another idea, the information tenuerﬁing the first BEvent becomes anu of
the minor 9xvurbians in the Iatter's knswiedhL—qnarual éiagrﬁm, as in
Figure 2. - . o . . : ) ‘

' ‘?igg:*e 2

Time
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i. Fitle

3 short deseriptive titte fdentivfving the activity {oup., sdevelup
ment, demensteat fou, jovestigation, stuly, etel] which culwioateld in
under=tanding of phenomena, demoust rad jon of prisciples, or specithe
embind ent of priociples {e.p., technigue, deviee, material, eted)s

h}?}y_: An RXD Event in couccived here as corvesponding te 2 prriod

af techuival activity vith a well-defined ond point {e.p., the prepara-
Ctlen of a report, presentation of a technical paper at a professional .

society meet fng, patent disclosure, demoustration of feasibility of an )
tden by mathematical analysis or breadboard or brassboard medei, vte.).
Tepivally a creative or Innovatlve aet is Invelved. Cure should be
taken to aveid (a) inclusion of normal engineering activity within the
contemporary state of the art, (b) lumping a4 number of RXD hvents Into
an ill=defined class of such activity, and {¢) confusing manufuctured
havdware with RXD Events.] : i -

¥
~ 2. Heapon System
Hame, Including the standord nowenclature and the common name if
aeeded for casy identification. ‘ )

3. Subgystem

Reference to an anulysis of the weapon system into {mmediate and
separately identifiable constituents, arbitrarlily adopted as standard
For pirpeses of this study.

INote:  For this purpese, overall System Cencept, Actodymamic
Configuration, ete., will be treated as subsystems where copsidered
appropriate. ] )

%, Element

Relerence to an annlysis of the subsystem foto jfumediate and
separately identifiable components, considered as invelviog RXD Bvents.

[Note: For this purpose, the Subsystem Goncept, or the subsvysten
tteee Y, s defimed sbove, will be treated as an element where comsid-

BEST AVAILABLE COPY . l :

vvesd appropriste. i

1hy
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[T R YR ICIN R 1Y
RERT FE I ALt eants taend IEERER e [ .
Tty et e matental L, et lbeatee o e .
L N v Ptemcnl of trn e Bt aonn ipoar rn Gl bt
dehed e Tt Gombelpotare, o e o) et g G
[ T I T Y B o L R B O T T O L I O R I EERRNTI R AN Pl .

Coditimiague 5 o et botm 0 iyt ran, et )

e N e statement desoribinge te oy bt i T ETRRTY B R TN WS VR REON
Lo the saeslaoi o sibavsten perbertabnee o e the v cvediege o bates
application in (he chain comnert i it te the avaters fnquet o

n. lvpe o) RXD Peent

) Adhort statemnent vlaril ving 1 he -;:--n--rir- it s kn~l Lhe beent ) eae,
seientitic vesearch, exploratory materials development , mardto fay ing
provesy leve Iu\vnipﬂl . prtented dinvention resulbtinog from desim ciebue N
iy, cte. - (The purpose of this statoment s 1o assist fooelasant featicn
of BXD) : ’ T

BN Kev Persounnel

<The ‘_ll'au_u;-:': of the {individuals having ":;'i;.:llil’i(-;xl.t rofes -in the RXb
Event, with s brief’ duseriptisa of cachone’s role, background wd vxpos
rietve.  (Every poasonable attemptl. should be made to gel copies of {he
persoual biography (Gésimé) of the individuals identified as h aving made
a direct vontribution to the RXD Event.  these résumds shonld be appended
Lo L Fvent Description form.) ‘The key personnel may be employed in
the erganization where the RED was performed, in a govermment projuct
alfice or Iuhorutur}l. ‘or elsewhere, s ) '

B, D.\tu of hvvnt

lh..- \n_.lr in wh ich tlle kpu,ltlc KX Event .1cL1v1L\' tormmltvd (see’
1 .lbuvu) A n.are detailed L,p(,cn.f' ication of the date should be incduded
when avall: 1blc A starting date (approx imate or estimated if nec eskRare) .
.onu.le.u_nt. ‘with the interface activity preceding the RXD Event. deseribed
in 13 hclow should be indleated.  These ‘inftial and final- dates should
also bhe r'.u_ns.u'.tc-.ut with the fingncial deccriptions of ftem 12

9. - Duration

The approximate: Lenglh(s) of time covered by the spécifiv.techaival
artivity having thoe kermination ju 8 above.
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' IXat e Oruauications otbey thau Dt ohidne the KID Ivont wan
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tormed (L., 0 govermment project obbiee o %.lirr;;.th;m‘i may nae ploved

important part in the R¥B Bvent and should alse be bleut itiod whore,

The

vpes of

apprapriate. ] -

.« Oruanizat fon Type
Tpaniat tun L ype

generic types of organization vorresponding to 10
should contain sufficient deseriptive material to o farify fully the

abowe,

This

organization and organizational subdivision in guuestion, v.g.,
dustrial (protit)—uvorporate—rescarch laboratory, industrial (profit)

operated Department of Defense research laboratory, ete.
this paragraph {see also H above) is to assist in the CldSSLfELdCiUH of -
osgsnizxtian types. S o

. iiﬁanriai %appart

Bpeuifi ifermatlan ont

.

ultimité sources of funds.

Dk"hinﬁ

—operat ing Jdivision—design englbeering orgunization, university-

The puzpu-&v of

The source(s) of funds. This héuld inclu&e'ihfstﬁ1tie3 cou-

curning both the intermal accounting treatment of the funds used and the
Where the work is sponsored by the povern—
ment or-other sources external te the organization (10 above}, specific.
contract .or subcontract numbers should be identified where possible.

‘Where the decision is made by the organization (10 above) to initiate
the 3at1v1ty reépresented by the RXD Event, the way in which the costs
are recovercd or treated should be clarified f{e.g., the expression

funds" snould refer only to the nonrecovered expenditure of o

comp.y's varned surplus; where sabsaqacﬁt recovery in the s
prmits £ ar in Rt*g‘etz&tad avtr?se&é on goverament contracts is zuvslvvd

anld e 50 statedd.

I,

The time duration of each source of funds.

1hh
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v e tor gl ol ‘\'lllIu':-|'|'l|||i'll)'_ tor il Gomree ab Lot o
sout e uppott e mare than The RYD Dvent G gque oo, pive o sl el
it |u'.'.\':;.-:.|| Vi, out Ll ot PO attribuab s 1o e oot o e talyg
el b e shonlad e wive n whebe speeitic cont dat ©oar o« iy oy Lt
ot withbiedd. :

.

L0 where it venal 1 il iy was tequined o order te brjny the
tesalts o the RXD Evint oo tully wsetul puint without elber ot
vetiimg evients, the total cost shisnld be shown here, dterpatively, il
the RAD Bveut” occeurved during the course el i Laboratory sontained pen
aram in - technslope, o roupeh fden as to Che total anmad program size
should be endered; Crhes penerally does ol apply to the case oo oan LD
Event's uccurtiog as part of weiponssystem devefopuen! project chery-
the event, was funded as part ol the projects and no entry is requined io
thds paragrsph.) ' ’ - o ' o

[Ngly: Cost inToimat {on shauld be piven o terms of totd (e,

Stulty burdened) cost and such estimates should be formed, wherd: possible,

il the aceonnt ing prn(llvv ut (hv pv:lu.mnnk organization™diifers in
this lt"p&‘t(.]» s ' ’

L3, §f$fbm'luLvﬁ[avv AvtiViLy

PR Inturmdtlon zonucrulug the way 1n whjch the RXD Eveat wis uti-
lized, that 18, the steps by which it was incorporated eithér in subse-
quent, related RXD Events or systems or in 2,9 or 4 uhove. Wherever
pnsaihle specilic PVQntb shnu]d be idanl[lcd, v.g., the'preparation of
a propohal LtC : o S

b.  Information ‘conderning prior RXD. vants, SYhLLm aclivity or
1n;1duuts thLh contributed to, influcnced, or provided a motivation for,
the RXD in question. - In pdrticular, where government sponsorship of the
RXD work is involved, state whether the technical initiative resided in
the’ pvxrqrmlng organization, the government, or elsevherc. '

i&, 7 RXD l".‘vv‘nt Cirémi:nsf'zuu:cs :

Mlb(elldnEOUS informut;cn *olating to the RXD Event but not c]ac—v
where classxfigd ' Management” ‘environmental information may hc recorded
‘hers, Wherever, because of the nature of the RXD ‘Event, it is possible
to demonqtrate a re]nLLunsh1p between the cost of the RXD Event and the
cost savings to the goveriment of elther the final weapon systems or
specific delivered hardwaru this lufornmtlon should “be identified and
erorted he.re . -

15, Sources
" Documents, persons interviewved, ote,
Author: ' ' . Telephone number:

Date of prepdfation.
ALLa"hment. Examploe of RXD Lvent Description

th6




Attachmest o Appetedre

; iél&;!’ Fvent Diostr §§}'3‘§¥lil o R f 1
|, ripl,- Vercept o Frackim aa ﬁ;hailny4ﬂatv§§éir‘hv 3-43&;!&?1'
the Pepphes Shise 43 40] ‘ ’ ‘
. S:‘:;% emt ?(.1?? ;‘;!E\"i ey s‘}f';;“*'é: Hatell E’h“:I‘;:iii el f
i, Suhsyéfém: Frdfiigg Sration
N Eioment i’isé;sﬂig Si‘giii E:
. fechnical ‘:E{iii ! ’i;x".‘%‘it_i‘t‘v: '

Ca. riwin, Technienl Act ivity and vutcome:

~ 0 This event is the conception amd demonstration of detoerminiog
the orbit ot a near-varth satellite on a siugle pass by man accurate
measwrenent of the Doppler ﬁﬁf&pa&vn!in{hvrmﬁutdgmﬂs{fmws
mitted by the satelfite.  The Boppler offect is an apparent chimge in
;frcquvhfy;VAﬂhvd by the re!ai;ve motion hetwﬂeﬂ tramsmitter and receiver.

bl Reiﬁtiunshlp to Lantumpardrv fivnge‘xaékTaéhnalegyf,f

AE ihv ti%v of ihis L?Lni thrv were "vvvra} mvthudx of ‘raakanﬂ
atalllivh, “optical tracking instruments using the visible-1ight portion
of the electromagnetic spectrum, such as the Baker—-Nunn ballistic camera
which determines angular position by 9h0tagr§phiﬁg the vehicle against a
star background, are highly accurate, However, their capability is lim-
ited by darkness, Lianés and haze. Also, the data requive specialized
hgndiiﬁk,’samczime* det&ying LhL autp&l beyand the period nf us?fﬁ}ﬂ?s%,

iﬂflﬂrLﬁ radiation fram thie satellite ermita iL to be ildeLd
thrﬂﬁgh same haze conditions, but infraved is -absorbed by the Iawer at-
mosphere, iimiiiag its d?taatiﬁ& in gruan& statianh.

Radio trdck;n; tea&niqaas inuludad radar SLanning for ihv di-
revt;nn of the strongest signal aad interferometer comparisch ‘of sipnal
phases roceived by separate antemmas, Minitrack, wlich operates . from
the latter principle, depends on-a trassmitted f;aqugnav to estaai{sh
the line of positlon between the satellite and the truakiﬂg %ldli&ﬁ.

While Minitrachk uses a small part of the Doppler shift te &3354

ure wiss distonces smd ganmet determine the orbit fn a single pass, this
Cevent derives all six orbit parameters from the total Dopplér shift in
one pass, Using sealar as opposed to vector mngs&remvnis allowed vast
simplifications while retaining accwracy.  For example, only small an-
teanas with a minimim exposurc were required.  Bumblchee Scries Report
No, 276 was issued Apri} 1958 and distributed to anyone ;uivrvszed‘in

satellite Lracking,

1h7



[ Retat ron i o S eeding, Beve |U|'l|| (1] SRS S R N e [T
e event v vasential Tor the anverse vomcjption o)t
sy Che deverver posit bon Ly Bopploy dotoe whien the e T hete g b-dn i,
-

aevatately hnown, Phis vdea B Cipated the doselopmenr ot fpees

Naviyational SatelFity Svatem, ¢
bl I\_lu- ol RY l) Feent o Kessearch
7. Kk'}' "L‘l'.‘h\i)lh" H

Dro William Cuivr, Theoretical Physicist, Researeh Genter, fon
vedved the event with Weiticubach. Ha flaiy with camputer. wan o preat
abd o redueing the Doppler shitt To adigital torm te th-vvlup voppul al o
.l' te ‘I||\|-1\u-~. Jor estracting l)llll tal data,

b, G«olvv inrrunhuth, Thvnlvllxdl ’hv.|:|dl Revieiareh Genter.
Conceived othe ovent aad was Pllmdlilv lvnpnn.lhlu lur the accurate
medsarement o ) lhu l)npplc shitt. : g

) Henry Riblet, ﬁupvlvisﬁr; BID Group. Experieace’ in missile Celom-
eLry coutributed to his setting up ulvvllunlL cquipment for the a(qulhj—'
tion of experimental data,

Dr. R R. Newton, Theoretical Physicist, Research Center.  Assisted
in theordtical analysis from Llic sLdudpuinL of celestial mechanies.
Also assisted in proprummlug. :

8. Dite of Event:

a., Termination: April 1958
b. Iuftiation: October 1957

Y,  Duratfon: "Six wonths

10, Urgunizutiuuf

a. Johns Hopkins University . - - : e ) .
b. Applied Physics Laboratery - : - : .
c. Research Center
" The Rescarch LLuLer partlclpaLLd ju many phases of basic
undppliud anestxgdtion.

11. Orgauization Type: Covernment laboratory

12. Financial Support:

a.  Source:  I[n=house Task D (D—ﬁﬁ)-fundn for husiévrvsunr(h
b. Duration:” Six months :
¢,  Amount: Estimated $14,000
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ot pree st Bl AP Lped Clowteanndboaed traa b dne b e o A
et ebr e Bee d i‘v;';-l-‘ PR PO TSR TL R TUTY B B YO U RIRUR I (N Fr.ojes - ' .' el Ll
prree cant with bhe paha cttapelatran. e Bopardes o hindage Lo e
traced Lot d abl sl agquent S cotelBitos ol feld pe Fha oboLs HEERER

cf Erae vy Savicabten el Sateblits Svatem
Yo Praovroms Activiety:

Wiy sl Welttenlislo athensl ot phe in{m:*:f% ely aval Lt
Fooviv e cgquipereat ol Dape pevordess b Listen o the 1.0 000
Sputnih D oatter itsn hiuscl on ¥ Octeber P97, From this ormb bracd inge
statfon they oot ieed a provosnced boppler shity fir the frangic on b
ey amd realiced that, 08 they could avemrately calenlate e obite,
these ealewtat tons woudd (ol Gl of the orhit parasetern and provide o
vood fraching technique,  This weuld particubarly aid Pdent it irat ioi of
Sputaik's signal which wits bt overcrowded repion ol the Bl speetiun.

5. BXP Event Clveumsianees:

. Frank MeClure, ﬁkaiﬂmnsuf,ﬁu*Rvsean@aﬂvnh»y wassﬁepthwd o
of the possibility of accurately l'néking‘a'shtb}iitv with the Doppler ‘ e —
techunique; bowever, he supported a serlous cont inuation of the initial ;
jnvertigat lon atthough ﬁnigravtirni application was in sight at this )
time. Originally the orbital parameters were worked out with o siide , » —
rule, but APL fortuitously acquired a Univae 1O which permitied much . : ]
quicker, more accurate computations. Because the machine was new and ’ B .
prioriries had sot heen westablishoed, the computer was available day amd ]
nipght, C. V. Bitterli, who worked with the computer, became very intur-
ested in the Doppler theory and ercatively experimentud with computer
input and caleulatfons. After two months of study, the Deppler curve
fooked more and more sensitive and unigue, and its reliablilicvy in pre-
dicting orbit was much greater than anticipated. Bventually, good tape )
recorders and sophisticated radio tracking equipment were gequired to N —
validate the Doppler method. o o . .

tmportant te the sutcess of  this event were the freedom alloved
Guier and Weiffenbuch and the aeguisition uf the Univac 1163 at a eriti-
enl Uime.  The onthus tasm gencrated by the key participanls lod many
fmdividuals to work on thelr own time. in early 1958 a grodesist from
the Army Map Service, @'Keefe, somebow found oul aboul the Boppler roe-
aeareh a1 APL, pave noew oncouragoment to the iavestigators, and alse
frelieated some further questions to be auswored,  He was the tirst ont-
aide of APL 1o recopnize the sipniflicanee of the Research Center’s work.
Strbeaeh thee Baval Besearch Laberatory was concurrent Iy doing rolated
woort with Hinftrack and Vangaard, no interest was shown in APL s studies,

1y
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APPENDIX B

Summary_of RXD Lvents

Note: Numbers omitted

from the consecutive
scries represent reports
withdrawn from the study.
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| APPENDIX 1.
Dob_ Funding for RDTAE and Cstimated RKD Lxpenditures

The following table shows total BDob funding for RDT&E frowm 1947
through 1963, The estimated RXD expenditures are based on the assump-
tion that about 20 to 25 percent of the RDTEE funds was spent on research
in scieiice and fechnoiogy. B ' : h
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Total RDTRE Funding  Estimated RXD Expenditures ‘

Year {$ millions) _{$ millions) _
1947 515 -118 7
1948 534 123
1949 608 140
1950 539 124
195] 758 174
1952 1,164 268
1653 2,150 495
1954 2,187 505
1955 2,261 . 820
1956 2,100 485
1957 2,406 555
1958 2,504 . 575
15959 2,860 660
1960 4,710 1,080
1961 6,131 1,410
1962 7,643 1,308
1963 7,638 1,445
46,709 9,995
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