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AESTRACT

s L\meu ", Q’ L(‘
A -study was conducted- to“determlne%the relative strengths and
bas1c rationale for government use ofsvarious institutions to conduct

aeronautical research,and: deve]opments(R&D) for the Federal Government:
- The nation's aeronaut1ca] R&Db1nst1tut1onsfwere divided jnto five .

categories: manufac¢turing compan1es,»serv1ce ‘R&D compan1%s, non-profit

"'R&u institutions, universities, and government laboratories. The

relative roles of these:institutions.were delineated in regard to con-
ducting basic researchy app11ed research, techno]ogy -advancement, and
development in aeronautics for the Government: - Thé:relative strengths
and roles of the National Aeronautics and Space Agency (NASA) labora-

. tories were evaluated withir the total context of a]] of the nat1on 3

aeronaut1ca1 R&D institutions.

A total of 25 of the nation's leaders in aeronaut1ca1 R&D .
participated in the study. There was an equal number of leaders from
each of the five main aeronautical R&D institutions in the United -

. States. The investigation was conducted using both a survey question-

naire and a new conferencing method called the tributary technique.

The tributary technique was devised to obtain direct quantitative

measurements of subjective judgments by groups. that have both common
and highly competitive objectives. .

. The nation's aeronautical R&D 1nst1tut1ons have character1st1c
differences which make them individually suitable for particular types

~of work.  The basic strengths of these institutions produce a pattern

of complementary capabiiities that properly overlap, but the nation is
fortunate in having at least one or two institutions that are partic-
ulariy well suited for edch category of work. For example, it was
found that government, laboratorles, in general, and especially NASA
laboratories, should be the prime national producers of applied
research in aeronautics. American aeronautics needs the new stimulus

of markedly increased outputs of broad-based innovative research from -
_NASA laborataries more than it needs most of the technology advance-

ment and development-oriented programs currently underway in these -
laboratories. The Government should use manufacturing companies for
the vast bulk of development, most techno]ogy advancement, and a
substantial amount of applied research in aeronautics. However, the
Government will have to implement programs to encourage the transfer
of full information on technology and research advancements, from the

- companies that do this work for the Government, to competing companies
- that also need the results.. Universities shou]d be the primary sources

of basic research. Service R&D companies and non-profit R&D institu-

_ tions provide va]uab]e, specialized, supplementary technical capa-
' bilities and other unique attributes, which together span the entire
v_spectrum of aeronautical R&D.. :
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© PREFACE

T

This investigation was made poésibleAthréﬁéh“the'céeoerat1on
of 27 separate organizations :in Government and the private sector.
The study presents subjective judgments on fundamental rationale as to

- why the Federal Government should use particular segments of the -

aeronautical community to conduct basic research, applied research

. technology advancement, and development in aeronautics. A total of 25

of the nation's leaders in aeronautical research and deve]opment (R&D)
participated in the study. The participants are listed in the next
section. All participants were directly responsible for work con-
ducted for the Federal Government. - Thus, tney'all had competitive -
vested interests in the results of this study. Many of them had

V divergent personal views on the subject as a result of years of experi-,

ence within different segments of the aeronautical R&D community.

. Therefore, this investigation had substantial potential: for produc1ng '

conflicting v1ewpo1nts among thn “participants.

Similarly, the reader will undoubtedly have his own 1n1t1a1
views on these issu:s, if he has been concerned -with aeronautical R&D.
This publication is arranged in a form that will allow the reader to
review the processes, determinations, and logic that -the participants

“went  through during the course of the ‘investigation. Even the author

was surprised at the extent of agreement that emerged within and among

. the various groups of participants. -The data and observations indi-

cated that the participants were profoundly influenced in their .
th1nk1ng as they came to grips with basic issues involved in deter-
mining where particular segments of the aeronautical R&D community best
fit into the overall structure of work for- the Federal Government.
Hopefully, the reader will also gain an expanded understanding of the -
relative strengths and importance of the various segments of the -
aeronautical R&D community as he reviews Judgments presented from d1f-
ferent vantage points.

The author takes responsibility for this investigationlas it
has been influenced by its organization, construction, and other
methodology. He is solely responsible for statements made in the
introduction, interpretation of the results, side comments, personal .
observations, conclusions, recommendations, and comparisons with other

" published data, op1n1ons, and policies. They do not necessarily

reprosent the positions of individual part1c1pants the sponsor, or any
of the cocperat1ng organizations.

" The author thanks the fo110w1ng members of the School of -
Business and Management of Pepperdine University who influenced this’
investigation. Stewart E. Fliege, the principal faculty advisor on

the study, provided inveluab]e guidance on pianning, methodoiogy,
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_interpretation, and presentation of the results.  The author also
- acknowledges the contribution of Stephen H. Achtec~hagen who periodi- .
‘cally reviewed the progress of the investigation, influenced the ' o &
methodology, and provided many fine ideas on handling the data. ’ i
Additiona]ly, thanks are due to Wayne L. Strom who, during his teach-
ings on behavioral theory, laid the groundwork from which the author
. was able to develop the tributary conference techn1que described in- . = .
<= this publication. Kenton L. Anderson, in his teachings; provided sub= T
~ stantial insight into the characteristics of organizations, the factors: . - -
that differentiate them, and the elements of effective organizational :
- structures. Lisa McCormack and various members of the Dean's office of ..
_the Schocl of Business and Management provided valuable adm1nlstrat1ve -
assistance for this project. Ruth D. Atteberry, Associate Dean, '
provided excellent editorial review and adv1ce on preparat1on of -this
publication. . .

This investigation partIally was sponsored by the National
Aeronautics and Space Administration, NASA- Ames Research Center, under
‘Grant NSG-2159 which began on June 1, 1976. ~ The author is indebted to
Harry Hornby, Grant Technical Mon1tor, ‘and J. Lloyd Jones, Chief, Plans
and Analysis Office, NASA-Ames Research Center.  ‘They were respors1b1e . : _ ;
not only for initiating and monitoring this study, but they alsv : ‘ oL
provided some excellent ideas and substantial encouragement during the = .« .7~
course of the investigation. ‘Finally, thanks are due to Hans Mark,
“former Director of NASA-Ames Research Center, from whom the author has
learned a great deal about R&D organlzat1ona1 management over the past
three years.
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PAkTICIPANfs"‘

The bas1c results 6f this study ‘were the product of the
1nd1v1dua1 and combined thinking of 25 of the nation's leaders in -

~_aeronautical R&D. Appendix A presents profiles of -their backgrourds.

Chapter 3 discusses their selection and adequacy of representation .
(pages 47 to 49). They represented 25 different organizations, large

V-Manufactur1ng Cq;pan1es

Haro]d D. Altis

Vice President,

Engineering Technology
McDonne11 Alrcraft Company

Deputy Director, :

. United Techno]og1es.Research Center

United Technology Corpo*at1on

James N. Lew

- . Senjor Vice Preéident,

Engineering
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- Service R&D Companies

“John P. Ances

Vice President,
Aerosciences. o
Calspan Corporation

Coleman D. Donaldson

President - ‘
Aeronautical Research Assoc1ates
of Princeton ‘
Charles Henderson
Vice President and D1rector
~ of Research and Techno]ogy
~ Atlantic Research Corporation

vii

" and small, from every sector of the aeronautical R&D commun1ty The
part1c1pants in this study were as fol]ows o

) Robert H W1dmer _
" Vice President,

Science and Engineering

. Genera] Dynamics Corporation

-" Holden W. Withington

Vice President,
Engineering ‘
Boeing Commerc1a1 Airplane Company -

Jack N. Nielsen

President :

Nielsen Eng1neer1ng and
Research Inc. °

' Jack Wh1tf1e1d ; :
‘Executive Vice Pres1dent
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~ Non-Profit R&D Inst1tut1ons

Frank E. Goddard
Assistant Director

Research and Advanced Development'

Jet Propuls1on Laboratory

Ray Laurence Leadabrand
Executive Director

- Electronics and Radio Sciences

SRI International

~Alan Y. Pope

Associate Director,
Aerodynamics

_-Sandia Corporation

Universities .

Holt As“’o

Professor, Department of
Aeronautical Engineering

Stanford University o

Ernest J. Cross .

' Professor-

Aeronautical Eng1neer1ng
Mississippi State University

Anatol Roshko
Professor '
Aeronautics | i
Ca]xforn1a Institute of Techno]ogy

fGovernment Laboratories‘

- R. Kenneth Lobb.

* Technical Director
Naval Air Development Center -

i'Oran W. Nicks

., Deputy Director.

: Langley Research Center
- -National Aeronautics and

Space Administration

- Colonel Albert E. Preyss

Commander

A.F. Flight Dynamics Laboratory
U.S. Air Force .

Elmer H. Schulz -
Director
IIT Research Inst1tute

) Edward W, Ungar

Associate Director :
Battelle Memorial Institute - -

.Martxn Summerfleld

Professor of ,
Aaronautical Eng1neer1ng
Pr1nceton Un1vers1ty

Lawrence Talbot ;
Professor, Department of
Mechanical Engineering

- University of California, Berkeley

Irving C. Statler
Director, Ames Directorate

U.S. Army Air Mobility Research

- ‘and Development Laboratory

Robert E. Supp
Deputy Director
A.F. Aero Propulsion Laboratory
U S. Air Force
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Chapter 1

 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

y I

This chapter presents an executive summary, conclusions, and
‘recommendations from the investigation discussed in this publication.

GENERAL

This 1nvest1qat10n was conducted to determlne what relation-

: ShlpS, if any, exist among the relative strengths of the nat1on 3

aeronautical research and development (R&D) 1nst1tut1ons for con-
duct1ng basic research, app11ed research,  technology advancement and

' deve1opment in aeronaut1cs for the Federa] Government. A total of 25

of the nation's leaders in aeronautical. R&D . part1c1pated in the study
There was an equal number of leaders from each of the five main-

". aeronautical R&D institutions in the Un1ted-States. manufacturing

companies, service R&D companies, non-profit R&D institutions,'_.
universities, and government laboratories. The institutions and areas
of work are def1ned in Appendix B on pages 174 through 176. The~

1nvest19at1on was conducted using both a survey_quest1onna1re.and a new.

conferencing method called the tributary technique. The tributary

" technique'wasvdevised to obtain direct qdantitative measurements of -
subjective Judgments by groups that have both common and h1gh1y

competitive obJect1ves The part1c.pants were ab1e to express their -
Judgments in conf1dence s1nce they could be identified on! Yy by
institutional aff111at1on The part1c1pants points of v1ew were cast.
in the form of consensuses of judgments for the total group of all

.part1c1pants and for the sub- -groups from the various 1nstntut1ons The
results 1nd1cated that there was significant agreement among the total

group of ‘all participants on 96 percent of their Judgments The level
of agreement within any group was taken as being s1gn1f1cant only when
there was a probab1]1ty of at least 95 percent that the group con-.
sensus judgment was the.nesult nf a meaningful. group determination
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rather than chance. The-probébiiiﬁy of chance for man,_jgggmgggg_u;s

less than 1 in 1000. .
The consensus. judgments by the sub-groups representing the dif-.

ferent aeronagtica] R&D institutions»were often quite different from
each other. Natural self-oriented biases frequent1y influenced the

judgments of the sub-groups from the various institutions. However,
a careful analysis of all Judgments in the study indicates that insti-

" tutional biases essentlally were balanced out by using consensus
~Judgments based on averages of the numerical judgments of all 25

participants. These consensus Judgments gave equal weights to view-

' f:poxnts from the various inst1tut1ons The conclus1ons presented in-

this section were therefore based upon the consensus of Jjudgments of
all the participants as a group. | '

There are too many conclusions that can be drawn from the .
wide range of results obtained from this investigation to do justice to
them all. . The divergent'views-of the-sub'groups and the nature of
biases may be very 1mportant relative to many issues.. it also may be.
v1ta1 to know whlch rationales: wera rejected and what the extent of
agreement was on these viewpoints. In fact, the reader may often wish
to draw his own conclusions. from the results relat1ve to specific '
issues at -hand. ‘

However, there are some important general conclusions and
recbmmendations that can be formulated, based on the oVeraTl views of
the. entire group of aeronautical leaders. First, one must accept the
premise that this total group of aercnautical ‘leaders was probably as
knowledgeable about America's aeronautical R&D instituticns as any
group that might be convened. It_then stands tp_reasdh'that'signifi-
cant agreement among these aeronautica\ Yeaders, as.e group, probably
yielded correct determinations of the relative strengths,. supporting

rationale, and best roles for these 1nst1tut1ons in regard to con-

ducting aeronautical R&D for the Federal Government.
‘The following general conclusions are based upon the overall

~group consensus judgments of the 25 aeronautical leaders and other.

information gained during this ‘nvestigation. General conclusions are
presented for each of the five aeronautical R&D institutions, in turn,
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‘and then for the‘laboratories of the National Aeronoutics and Space

Administration (NASA), ‘which are a special case within the general

~'category of government laborator1es

MANUFACTURING COMPANIES ~ - = oo o o -

Manufactur1ng companles are strongly. or1ented, -in 211 their

R&D act1v1t1es toward ach1eV1ng compet1t1ve, prof1table manufacturedﬁr

products Their highly directed attentzon to end products yields
characteristics that co1nc1de better than those of any other aero-

- nautical R&D institution, with the Government' s_need for highly effec-

tive, concentrated, and well organized efforts in the final stages of
the R&D process. " At the same time, the product orientation of manu-

_ facturing companies greatly reduces their usefulness to the Government

for work in the early stages of aeronautical R&D and |1m1ts their
technical activities in other ways that broadly lmpact the progress of
American aeronautics. o Lo

' Development. ManUfacturing companies-are by far»the most
logical institutions to conduct the vast bulk of development work in

aeronautics for the Federal Government.  Manufacturing companies have . -

the greatest ability to produce a totally satisfactory product,
including post'manufacturlng support - The potent1al for volume pro-
duction provides manufacturlng companies the proper mot1vat1on to carry
development programs the entire way from inception to successful _
manufactured products. _Manufacturing'companiesfcharacteristically

_ produce the highest quality of development work. They have the highest
" ability of any of the aeronautical R&D’institutions to focos on

achieving solutions to specific real. problems. Government funding. for
development programs in manufacturing,companies-helps to maintain

" their world-wide competitive positions. Such funding is essential in -

order to create new products that are in the national'interest when

_these development programs are beyond the financial capab1l1ty of
industry. ' '

However, manufacturing companies should not have more than a

4very small percentage of the total capital value of maJor aeronaut1cal

exper1mental facilities bUl]t by the Government Manufacturing '
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~ companies are also not the best sources for impartial technical guid- _ o ) 1{
" ance to the Government on development contracts to other organ1zat1ons R
Technology advancement., Manufactur1ng companies should play
. the dominant role in aeronautical technology advancement for the .
Federal Government. They have'the facilitiesA(manufacturing) and the .
: »know]edge (technology) to do it. Manufacturing compan1es character--
| ”tlst1ca11y produce the h1ghest quallty of techno]ogy advancements and
ithey have the greatest ability to focus their efforts on ach1ev:ng
important gains. The Government should fund technology advancement
‘ work in manufacturlng compan1es so that they can stay abreast of new
" advancements and gain a world-wide compet1t1ve advantage. Furthennore;
technology advancement is part of the 1091ca1 process-of develop1ng
needed high technology products. It is also important for manufac- _
turing companies to conduct technology advancement for the Government V}kf
"in order to def1ne cost performance risks, and profxt potent1a1 of
possible new products.. ' :

However, there is a serious drawback in p]ac1ng the vast bulk
of the Government s contracts for technology advancement with manu-
_facturing companies. Manufactoring companfes are characteriStica]]y
the least willing of any aeronautical R&D institution to provide outside: - ; oo
vorgan1zat1ons with full information on the results of these programs o

- Nevertheless, the need to use manufactur1ng companies to advance

.aeronaut1cs techno]ogy is too compelling to direct most of this work- -
into more open aeronautical R&Dvinstitutions. This dilemma cannot be

reconciled unless the Government's intervention in‘the normal process

- of industry competition, by funding technology advancement in certain

firms, is also accompan1ed by effective governmenta] measures to he1p

all aeronautical firms share fully in the results.

Manufacturing companies have next-to-the-lowest ab111ty of all
five aeronautical R&D institutions to prov1de the Government w1th
impartial- tethnical guidance on technology advancement contracts;w1th _
other organ1zat1ons The Government needs other institutions for this

_ funct1on ' o X

App11ed research Manufacturing companies should play the-

second-greatest national role, among -the five institutions, in pro-
viding applied research in aeronautics for the Government. Applied



research is bart of the logical process of deVeloping needed high
technology products in manufacturing companies . App11ed research will
help manufacturing companies stay ahead in development and gain a
national competitive advantage. Manufacturing companies sometimes have
unique capabilities to carry out applied research by virtue of their
proximity to development prob]ems When applied research . 1s conducted .
in manufacturlng companies -it helps them attract, develop, and retain .
people with needed skills. '

There are some s1gn1ficanf factors that should noderate the
extent of the role played by manufacturing companies in conducting
applied research for the Federal Government. Manufacturing companies
characteristica]]y produce nearly-the-lowest quality of applied
research among the five aeronautical R&D institutions. Manuféctdring
cpmpanies are the least willing of all aeronautical R&D institutions to
provide full information on the results of their .government-funded
research. While applied research in manufacturing companiées helps them
guide their own organizations‘ work, it does not- help the Government .
guidé its éontract work with other organizations, Manufacturing
" companies are the least able of any institution to provide the
. Government with impartial technical guidance on applied research con-
tracts with other organizations. In addition, reéearéh_groUps in- -
manufacturing companies i1l not have constant access to major
govérnment—bui]tvaeronautical experimental facilities, which might be

advantageous to research. Only a small percentage of these facilities S

_shou]d be located at or under the control of manufactur1ng compan1es
“Basic research. Manufacturlng companies should play the

smallest role of any aeronaut1ca1 R&D institution in government-spon-
sored basict research. However, they should do some basic research.
~ Sometimes a manufacturing company has a un1que capability to conduct
basic research of a particular type. Basic research prov1des manu-
facturing companies with Wigtmatiengn new advancements. Working in
the field helps manufacturing companies capifalize on these new
findings by others and it allows them to move these advancements into
the applied research phase. The Work in basic research gives manu-
facturing\cdmpanies a_far-term perspective. It helps them avoid
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near-term focusing of their R&D efforts and thus.prevents fechnblogical
surprise. -

However, manufacturing companies character1st1cal1y produce the
lowest quality of basic research of the five institutions. They are
the least willing to provide full infbrmation on their results. Manu-
facturing companies should not baVe more than a small.pereentage“pf the

S major, government-built, experimental facilities that might ajso?be

useful in basic research. While basic research will help manufactﬁring
companies in guiding their other work, it will not materially aid the
Government in obtaining technical guidance for its other'basic research
- contracts. Compared to other aeronautical R&D ihstitufions; manu-
facturing'companies are characteristically the worst sources of impar-
tial technical gu1dance to the Government on bas1c research contracts
with other organwzat.ons

"SERVICE R&D COMPANIES

' Service R&D companies tend to be highly effective technical
organizations in certain specialty areas. They are oriented to pro-
viding services that augment permanent staffs in government. labora-
tories, industry, and non-profit R&D institutions. The Government can
draw on the available pools of specialized talent in service R&D
"companies without créating as permanent an investment in personnel as
wou]d'be required by conducting such work in goveinment laboratories.
While the specialized roles of service R&D companies should span the
entire spectrum of aeronautical R&D," their greatest natural roles
relative to other institutions tend to be in technology advancement and
applied research. Service R&D tompanies have ‘a characteristic -
capab1]1ty to focus on achieving solutions to specific real prob]ems '
that is second only to that of manufactur1ng companies. Service R&D
companies tend to be more willing to supply full 1nformat1on on the
" results of government-funded work than manufactur1ng compan1es, but
service R&D companies are not so open in this respect as are the other
aeronautical R&D institutions. Service R&D companies should have a
~ minor proport1on of the nation's major aeronaut1ca] exper1menta1
facilities built by the Federal Government.

A
i
N
3

e e C e e s e oat S

POt

VT DU SRR Ty T2

Y . . .. . VI
N S PP T C ORI
st 9 i il g Bt arr s S N AR ke ik s 20 d AT DR J 3T S

o



LSty /’
o

7
Development. “Service R&D companies should play a smé]1 role in-

conduct1ng aeronaut1ca1 development work for the Government. The

activities of service R&D companies in conduct1ng deve]opment shou]d ha

far below that of manufacturing companies, but roughly on a par with
_government laboratories. " Service R&D companies may achieve the -
most-effect1ve product development in technical areas where they have

unique capab1l1t1es, Th1s may we]] be the case for certaln relat1ve]y A

small aeronautical products. Service R&D companies may provide an
economical source of development. In general, the qua]ity.of'develop-
“ment work in service R&D companies is second only to that of manufac-
‘turing companies. Service R&D companies characteristically have at.
least as good'an abi]ity-to provide impartia1 technical guidance to the
Government on development contracts as other 1nst1tut1ons in the
pr1vate sector _

Technology advancement Service R&D companies should play a
small but 'significant overall role in technology advancement for the
Government. Their role in advancing aerdnautica]'techno1ogy should be
second only to that of manufacturing~companies,-bot aboot'equal to the_'
role of government laboratories. Service R&D companies have special
capabilities and economically can supply technology advancements in a
timely :ashion. Service R&D conpanies are able to tie technology to a

' prOduct or other end application.- In’general the quality of work in

technology advancement produced by service R&D compan1es is second only
to that of manufacturing companies. However, service R&D companies are
not the best sources for impartial technical gu1dance to the Government
on techno]ogy advancement contracts with other organ1zat1ons

~ Applied research.” Service R&D companies should play a small
but significant national role in conducting applied research in aero-
nautics for the Federal Government. Service R&D oompanies;supply

-applied research economically and in a timely fashion. The quality of .

their applied research is characteristically about average among the

“five aeronautical R&D institutions. However, service R&chompanies

rank next to last in their ability to provide -the Government with

impartial technical gu1dance on app11ed research contracts with other
organizations.
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Basic research. Service R&D companies should.probably play

only a very minor role in basic research. The extent of their activi-
ties in basic research should be next to the lowest among all.aero-
nautical R&D institutions. The quality of basic research in service

. R&D companies tends to be lcwer than that of all the aeronautical R&D

institutions, except manufacturing companies. The ability of service

R&D companies to provide the Government with 1mpart1a1 techn1ca] gu1d-
ance on basic research similarly tends to be next to the 10west of the
f1ve aeronautical R&D 1nst1tut1ons

NON PROFIT R&D INSTITUTIONS

Non~prof1t R&D 1nst1tut1ons are similar to service R&D compa-

nies in that they supply valuable supplementary capabilities in aero-
nautical R&D for the Government. Nin-profit R&D institutions sometimes

have unidue.technical capabilities'in special fields. The role of
non-profit R&D institutions in performing aeronautical R&D spans the

_entire spectrum of R&D. However, as producers of aeronautical R&D,

non- prof1t R&D institutions pTay their greatest roles 1n basic and
applied research. - Non-profit R&D institutions should have a small
percentage of the major aeronautical experimental facilities built by
the Government. )

, The organizational features of non-profit R&D institutions also
make them uniquely useful to the Government for certain other aero-
nautical R&D tasks. -They can be used by the Goveérnment for cbjective

! technical. analyses, technical support,.and for second sources on

; tachnical evaluations. Non-profit R&D institutions do not compete with
i industry by manufacturing products nor do they have stockholcers
~ demanding profits, dividends, and capital gains. Non-profit R&D justi-

tutions can thus work with “ndustry and can protect proprietary infor-
mation in a_fashion'simii:r-to government organizations. At the same
time, non~profit R&D institutions are in the private sector and they
are not subject to many of the constraints p]aced on governnent
organ1;at1ons Thus, government organ1zat1ons can use non profit R&D
institutions to add technical competence and flexibility to their .

capability to accomplish the Government's bortion of the technical work.
Non-profit R&D institutions tend to have a greater ability to focus on
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solving specific real problems than do gbvernment laboratories. Non-
profit R&D institutions are exceeded in this respect only bty manufac-
turing companies. and service R&D companies. However, non-profit R&D

. institutions are more willing toAprovide outside organizationsbfu11
-information on the results of their work for the Government than are
- manufacturing companies or service R&D companies '
) Development. Non- profit R&D -institiitions should conduct only a

very small amount of the total development work in aeronautics for the
Government. In fact, non-profit R&D institutions should be the
smallest participant in aeronautical deyelopment of any R&D institu- -

-tion, except universities. Non-profit R&D institutions may have cer-
tain unique capabilities in specialized areas which can be of value in

performing aeronautical development work. However, the quality of the
aeronautical development work by non-profit R&D institutions tends to

be next to the lowest among the five aeronautical R&D institutions.

On the other hand, the abi]fty of non-profit R&D institutions to pro-

- vide the Government with impartial technical guidance on development
' contracts is characteristically at least as good as any other R&D
“institution in the private sector can provide.

Technology advancement. The relative role of non-profit R&D

institutions in aeronautical technology advancement for the Government
should be small, but greater than their role in development. Nen-
profit R&D institutions should plar next-to-the-smallest role in

_ performing technology -advancement activities in aeronautics for the

Government. . The Government can use non-profit R&D institutions on the

. government side of its aeronaut1ca] R&D activities and yet circumvent

federal restraints. Somet1mes there are special government problems or
needs where it is necessary to have a non-profit R&D institution con-
duct technology advancement in-order to utilize their non-product

-objectivity, that is; a lack of commercial bias and absence of coupling

to manufacturing. The ab111ty of non-profit R&D institutions to pro-

vide the Government technical guidance on technology advancement

contracts in deronautics is second only to that of government labora-

" tories. HNon-profit R&D institutions proVide"e less permanent commit-

ment to personnel than government laboratories. The characteristic
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quality of teqnnology advancement by non-profit R&D institutions is

average among the five aeronautical R&D institutions and it is roughly -

on a par with the quality of techno]ogy advancement work by government
laboratories. : : St : o

' Applied: reseérch Non-profit R&D institutions should share
sxgnificantly in conducting applied. research in aeronautics for the

~-.- Federal Government. The total extent of ‘their applied research™activi--

ties should add up to substantially less than that of government
laboratories and ménufacturing companies, but it should be about equal
to the roles played by universities and service R&D companies. Non-

profit R&D institutions have special organizational characteristics of

use to the Government, as mentioned in the previous section. Non-

profit R&D institutions_bridge the gap between universities and govern-, -
- ment organizations. The quality of aeronautical applied research from
- non-profit R&D institutions tends to be second only to that of govern-

ment laboratories. Non-profit R&D institutions ‘should be used by the
Government for app]ied.resear;h if they have the physical resources to
.do the work required. Their ability to provide the Government with

impartial technical guidance on applied research contracts is second

only to the ability of government laboratories.
Ba51c research. ‘Non-profit R&D institutions should play a

'x{'ﬂrélatively'small, but significant, role in aeronantical basic research
- ifor the’Government The total extent of their activities in basic
- ‘research should amount to substantiaily less than those of univerSi—

'ties and government laboratories. However, non- profit R&D 1nstitutions
should probably play a larger role in basic research for the Govennment
than service R&D companies or manufacturing companies The qua]ity of
basic research in non- profit R&D institutions is characteristica11y
second only to that of universities. The organizational form of non-.
profit R&D institutions allows them to work for the Government in a
fashion similar to government laboratories and yet c1rcumvent federa]

constraints. They can function as captive laboratories to the Govern-

‘ment .and perform basic research on a long-term basis. Non- profit'R&D
1nst1tutions shou]d be used far basic research if they have the
necessary talent and the phy51ca] resources., However, non-profit R&D
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1nst1tut1ons have only an average ab111ty, relative to the other
»1nst1tut1ons, to prov1de the’ Government with impartial technical advice
on basic research contracts with other organizations. ' -

UNIVERSIT[ES o

" The very characteristics of universities make theﬁ ideally

suited to.be the-leading institution for conducting‘basic Tesearch'ih e

aeronautics for the Federal Government Their or1entat1on towards
education, which is the primary purpose of their 1nst1tut1on, creates

a climate for concentrating on the fundamentals of aeronautics. Their

occupation-with students, inquiry, and dealing with basics completely -
pervades the institution's activities. The general orientation of
universities attracts people suited to learning and teaching by virtue
of inteiligence and independent nature. Universities are natura]]y‘
the most willing, of all aerohautiea] R&D institutions, to provide
full information on the results o7 their work for the Government.
There is a strong element of striving fer objective inquiry that has
also been deemed useful in prov1d1ng techn1ca1 -advice to the

- Government. '

However, the same strong orientations thdi are so valuable for
basic research in universities make them cons1derab1y less useful for
more applied tasks. Universities tend to have the lowest ability to
focus on achieving solutions to specific real preblems relative to
other aeronautical R&D institutions. Thus, universities are primarily
research institutions, with the greatest emphasis on basic research.
Un1ver51t1es should have a small percentage of the major aeronaut1ca1
exper1menta| facilities built. by the Government.

Development.. The universities have essentially no role in’
aeronautical deve]opment.for the Government. No significant rationale
has been found to support university activity in development for the
Government. Universities characteristically produce aeronautical- '~
development work of ]oweh'quality'than that of any other aeronautical
R&D institution. Universities have the lowest ability to provide. tech-
nical guidance to the Government on aeronautical development contracts.

~ In spite of their probable impar;iality, it does not seem wise to use
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d1sproport1onate1y large numbers of university professors on govern-.
ment adesory groups for aeronautical development programs'

Techrology advancement. Un1verswt1es should play only a minute
role in aeronautical techno]ogy advancement for the Government.: The-

f'un1vers1t1es activities in technology advancement should be substan-
-tially .less than the roles played by all other aeronautical R4

. institutions. However, there are some.instances where universities can

provide unique sources for technology advancement. A small amount of
work in this area can sometimes further the training of students for
the later practice of engineering. It would-also help universities in

'1nterfac1ng better with 1ndustry The presence in universities of

fundamental scientists contributes to the innoyative thinking process

essential to the achievement of large techno]ogy jnmﬁsf On the other
hand, universitiesgcharacteristica]1y produce the lowest quality of
work in technology advancement of any aeronautical R&D institution.
They have the lowest ability to provide the Government with technical..

guidance:-on technology advancement contracts with other’brganizations,f

“even thdugh university advisors are likely to be impartial. As in the
case of development, it does not seem appropriate to use dispropor-
" tionately large numbers of university professors on sen1or governmer+

advisory groups that influence critical decisions on. techno]ogy
advancement programs in aeronautics. ' o
Applied research. Universities shou]d nave a substant1a11y

lesser role in conducting applied research in aeronqu11cs for the
Government than the roles of either government laboratories or ménu-
facturing companies. However, the extent of university act1v1t1es in
applied research should be roughly on a par with service R&D companies
ard non-profit R&D instituticns. App]1ed research is an 1ntegre] part
of the educational process in ergineering schools. Graduate enbineer-
ing studerts, who are low cost, energetic, and questioning, are often
strongly motivated towards applied research. Universities sometimes

have the unique facilities and the talent to do app11ed research The i

long lifetimes typical of some applied research projects are con-

‘patible with university patterns. On the other hand the qua11ty of
'un1ver51ty applled research in aeronautics is character1st1ca11/ below

that of almost any other aeronaut1ca1 R&D 1nst1tut1on Universities
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. are about. average, among the R&D institutions, in'tneir abiiity to pro-

vide the Government impartial technical gu1dance on app11ed research
contracts with other organlzatlons.'

Basic research.. Universities shouid perform the major nat1ona1

role in providing aeronautical basic research for the Government In

for the Government should be roughly equuva]ent to the comb1ned roles
of all other aeronautical R&D institutions. Universities have atmo-

" spheres that draw people qualified by independence and motivation to do

basic research. Graduate students, who are low cost, energetic, and
questioning, have an idealistic approach to basic research. Universi-
ties characteristically perform the highest quality of basic research
of any aeronautital.R&D institution. Basic research is an integral
part of the education process. Universities should be funded by the
Government. to do basic researcnvto further the:déve1opmént of specific
capabilities that are in the national interests. Universities are
probably second only to government laboratories in ability to provide
the Government with impartial techn1ca1 5u1dance on basic research

contracts.

GOVERNMENT LABORATORIES

- .The government 1aborator1es provide important techn1ca] contri-

butions to aeronautical R&D and play vital central management roles.
within the total complex of América's aeroriautical R&D institutions.
Government laboratories gain their natural orientations and their most
important capabilities from_threé main factors: :(a) thefnkpositions
within the Government, (b) the know]édge they der{ve from the technical
work they perform, and (c) the substantial resources. they can direct
toward technical objectives. The most important role of government
laboratories is in technical guidance within the Government for plan-

‘ning and executing aeronaut1ca1 R&D programs. Government laboratories

character1st1ca11y have ‘the greatest ability, of any aeronautical: R&D
1nst1tut1on to provide impartial technical gu1dance to theAGovernment
on contracts from basic research ‘through development.
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“translating the nation's aeronautical: needs into specific research and
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Government laboratories are vital to communications and working

relationﬁhips'between the Government and the nation's other aeronauti-
cal R&D institutions. .Government laboratories should be advocates,
_critics, and interpreters within the Government, of advancements that
have been or could be made by al]'of the nation's aeronautical R&D °
, institutions. Government 1aborator1es should play a maJor role 1n‘
technology advancement tasks. They have the resources to move funda-
mental advancements into the more applied stages of the R&D process.
Government laboratories should strive to increase the overall national
capability in aeronautical R&D. Government laboratories should not
Vonly produce technical advancemehts, in-house andender qontract,'but“
they should also use all their infiuence and feédd%ées'td insure that
the results of R&D purchased with tax dollars are made widely available
to all American aeronautical R&D institutions. Government laboratories
- are second only to universities in their willingness to provide outside
- organizations w1th full 1nformat1on on government funded research and
technology '

Government laboratories should conduct some in- house techn1ca1
work in all phases of aeronautical R&D in order to provide skills,
knowledge, and understaniding so that they can properly perform their

other broad government roles in aeronautical R&D.- They have the most N

- diversified natural capab111t1es of any aeronautical R&D 1nst1tut1on,
as reflected by their being the only institution which produces a '
quality of work that character1st1ca11y ranks in the upper half

; 1nst1tut1ons over the entire aeronautical R&D spectrum. However,‘

' goverhment laboratories are best suited and are most needed as major

- producers‘bf basic and applied research in aeronautics. The positidh '
of government laboratories within the'Government_aiso leads to a lack
of orienta;ion7and creates physical restrictions that prevent them-from
being tOp‘peFformers in technology advancemént and development work.
Government laboratories characteristically have next-to-the-lowest

' ability to focus on achievihg solutions to specific real problems com-
. pared to the other aeronautical R&D institutions.. Government labora-
tories should be the guardians of most of these goverhment facilities

,.
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so that the results from these facilities and access to them will be

- available to all segments of the aeronautical R&D community.

The role of government laboratories as a primary producer of -
research is greatly enhanced by their access to. major aeronautical

- experimental facilities built by the Government. However, a large

portion of major governmerit experimental:facilitigsgshoujd also be .

. made easily available to other aeronautical R&D institutionS'B§361acing
. them in central government test centers which do not have their own

resident government R&D groups.

Development. Government 1aborator1es shou]d play on]y a very
small role in conducting their own development work. They should do
development work in areas where they already have a unique capability

~ for it. Development work by government/]aboratories provides an

arsenal system of manufacturing in areas where there is little
industria]/commercial'interest’ Government -1aboratories must be

" engaged in deve]opment to prov1de knorledge and life cycle 1aboratory
. support for operational systems. However, goverrment laboratories -

characteristically produce about average qua11ty of development work

"vrelat1ve to the other four aeronautical R&D 1nst1tut10ns Thus,

government laboratories should not be major deve]opment organ1zat1ons
Technology advancement. Government 1aborator1es should play a .

,small ‘but significant role in prov1d1ng aeronaut1ca1 techno]ooy

advancements. Their in-house efforts in techno]ogy advancement should
be far below that of manufacturing companies. Government 1aborator1es
and service R&D compan1es should be ‘the two greatest sources of tech-
nology advancements in aeronaut1cs.' Technology advancement should be
done within governmentV]éboratories.in order to provide knowledgeable
buyers of the developed product. Technology funded withinfgovernment
laboratories often provides unique facilities accessible to development

-groups in the public and private sectors. Government 1aboratories have

resources to support prototype development, which are not;available te -

a single industrial organization. Techno]ogy that is funded within the

Government becomes ava11ab]e to all aeronaut1ca] R&D 1nst1tutlons, :

which helps to maintain an operi competitive environment for the

deve]oped product However, government laboratories characteristica11y

U R S
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_produce only average quality of work in technology advancement relative
to the other four aeronautical R&D institutions. '

Applied research. Government laboratories should be the-
greatest source of applied research in aeronautics for the Government.

* Government. laboratories characteristically produce the highest quélity

~ lack of commercial incentives. The applied research done by government : .-

only -to universities, amorg all aeronautical R&D institutions, as the . .:;

of applied research of any aeronautical R&D institution. Government

laboratories should conduct applied research to provide knowledgeable ..

leadership for coordinating and guiding aeronautical R&D. Applied
research should be done by government laboratories to provide quick
response capabi]ities to solve the Government's operational systems

‘problems. Large-scale facilities which might be Eeqqired for .applied

research can be best built and operated byvthe government laboratories.
Goverrment laboratories should conduct applied research when therc is a

]abofatdries providas them.information, skill; and knowledge necessary
to permit them to conduct independent evaluations of éompetitive R&D.
- Basic research. The government Iaboratorieé should be second

nztion's primary source of government-funded basic research in aeronau-
tics. BqSic research conducted within government laboratories facili-
tates a:transfer of basic research knowledge into applied research.
Basic research in government laboratories provides a reservoir of -
aeronautical knowledge in the public domain. Government laboratories
should particularly conduet basic research in cases where the research
can benefit from any,hnique facilities they may have. . Government
laboratories could provide a stable environment for long-term,

high-risk research,

. 'NASA LABORATORIES -

The current conclusions regarding the relative strengths and
roles of NASA laboratories are based on consideration of the roles

played by a]llaeronautica] R&D institutions. The laboratories in NASA

fall within the general class of government laboratories. However,
there are substantial differences between NASA laboratories and other .

government aeronautical laboratories. Three government agencies have

B i
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their own 1aborator1es engaged in aeronautical R&D the Department of
Defense (Army,- Navy, and Air Force), the Department of Transportat1on,

and the National Aeronautics and Space Administration. At present,

NASA is the only one of}these‘three agencies that is not itself a
prime customer for the inal products resulting from its in- house and

'contracted aeronautical R&D. _NASA is the on]y agency that -does not
conduct regular aeronaut1ca] operations using these products. " NASA is
not a major developer nor a purchaser of civil a1rcraft. These activi-

‘ties are the respective domains of aircraft manufacturing companies and
commercial airlines. Furthermore, the National Aeronautics and Space
Act of 1958 does not give NASA the roles of COordinating'national aero-

: hautical.R&D nor prbviding advisory services to other aeronautical

institutions as was legally required of its predecessor, the National.

" Advisory Committee for Aeronautics (NACA). The NASA is an independent
government agency charged with promoting advancas in aeronautics for
other agehcies and institutions. Therefore, the geheral'conc1u510n5 of

mth1s study for government laboratories must be ‘made more spec1f1c for
NASA 1aborator1es

The ]aborator1es in-NASA should be prime producers of basic and

applied research in aeronautxcs{ American aeronautics needs the new
 stimulus of massive outpats of broad-based innovative research.from '
NASA laboratories more than it needs most of theﬁspecialdzed techno]dgy
advancement and development-oriented programs currently Underway'ih
NASA laboratories. NASA laboratories are in excellent central posi-
tions to conduci research by virtue of their locations in a separate_
government agency. NASA laboratories have a natural orientation for
broad-based, systematic, and highly innovative research. ZThe research
in NASA laboratories will aid NASA in guiding its own aeronautical P&D
" contract programs. It will also assist them in certain high-level |
‘government advisory functions and in long-term studies of-the national-
benefits to be gained from aeronautical R&D. '

Thé rationale that indicates that government laboratories, in

general, should be prime producers of aeronautical basic and applied
v'research largely holds ‘true for the specific casz af NASA 1aborator1es.
In fact much of this rationale stemmed from vonsideration of NASA
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‘laboratories. .The NASA ]aboretories have many of the same character—
‘istics attributed to the government laboratories, such as the1r

exceptionally great willingness to provide full 1nformat1on on the :
results of government-sponsored R&D. The NASA ]aborator1es sheuld

r'share in the role of other government laboratories as users and guard- -
_ians of a major portion of the nation's large -scale aeronaut1ca1
5 expertmental facilities bu11t_by ‘the Govcrnment. These maaor NASA
! experimental facilities make it possible for NASA 1aborator1es,‘1n

" particular, to be mass producers of high-quality innovative research.
" Development. Perhaps a quarter of the current work by NASA.
laboratories in aeronautics is so highly oriented toward specific
applications and hardware that it must be considered in the deve]opment

. phase of aeronautical R&D. NASA laboratories should be hardly.involved

in in-house development activities in aeronautics. There is no valid
rationale for NASA laboratories to‘conduct_tneir own aeronautical
deVe]opmenticctivities. The quality of deve]opment-wonk by NASA-
laboratories is below that of manufacturing companies and service R&D
companies; hbwever,;the quality of aeronautical development work. by

_NASA laboratories is better than that of the old NACA and about equal .

"to that of‘other government laboratories The characteristic quality

‘of development work by government 1aborator1es is only average re]at1ve ‘
L to the other four aeronautical R&D 1nst1tut10ns However, there are _

:add1t1ona]e ratwona]es for other government 1aborator1es to conduct
Cdevelopment work in aeronautics. Hence, the deve]opment-orlented work
in NASA laboratorles should not constitute nearly so Jarge a’ port1on of

. their tota] aeronaut1ca1 activities as is apparently ‘the case

Technology advancement.? NASA laboratories currently seem” to be

devoting about a third of their efforts in aeronautics to technology
advancement. The role of NASA laboratories in technologv,advancement
should be far smaller than it is-at the present time. The only valid
rationale for NASA laboratories ‘to conduct technology advancement is if
they have an existing unique capability to-accomplish it. The quality
of techno]on advancement from NASA laboratories is about the same as

it was for the NACA laboratories. However, NASA laboratories should

probably devote even less work to technology advancement than did NACA,

-
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unless NASA assumes similar roles. The NASA laboratories characteris-
tically produce about the same quality of technology advancement as do
government laboratories in general, which is about average among the
five aeronautical R&D institutions.. The small role of government
1aborator1es in technology advancement is- Just1f1ed by additional
_rationale beyond that which applies to NASA laboratories. It therefore

in conducting aeronautxcal techno]ogy advancement than do other govern-
ment laboratories. :

Applied research. Tne primary role of NASA s aeronaut1ca]
laboratories should be to conduct applied research. The nation's
aeronautics industry and other governmental agencies need more applied =
research from NASA laboratories than the combination of their output in
all other"catégories of NASA's in-house aeronautical R&D. The output
of épp]ied research from NASA laboratories should be roughly doubled.
Such an increase is necessary in order to bring the supply of NASA's
applied research into better balance with the relative demand.
Apparently, NASA's aeronautical laboratories are devoting a far smaller
portion'of their total in-house aeronéutics efforts to apb]ied research

- than did the old NACA laboratories. Even the quality of aeronautical
_app11ed research by NASA 3 ]aborator1es is lower than that of NACA
laboratories..

There is substant1al rat1ona1e for NASA 1aborator1es to assume
a prime national role in prov1d1ng massive amounts of stimulative,
systematic, and inhovative applied research to the aeronautics industry.

§ The NASA laboratories should conduct applied research in order to per-
N mit independent evaluation of competitive aeronautical R&D: In-house
' applied research by NASA provides it the knowledge necessary to con-
tract aeronaut1ca1 R&D properly to the private sector. The applied
research in NASA 1aborator1es provides NASA the kriowledge necessary to
give leadership for coord1nat1ng and gu1d1ng R&D.  The ]arge—sca]e
facilities available in NASA can benefit applied research. The NASA
"% should conduct applied research where there is a lack of cohnercial
incentive. The quality of applied research from NASA laboratories is
characteristica]ly'abbut equal to that of all government labbratories
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in general ‘which tend to produce higher qua11ty of app11ed research :

than any other aeronautical R&D institution.

Basic research. The second greatest role for NASA laborator1es
in aeronautics should be in basic research. The basic.research output
of NASA laboratories should be almost doubled in -order for NASA to-
play its proper national role in this area. The percentage of basic

4w research produced by NASA's aeronautical Tabpnatorie;Qtoday;séems,to.be
- roughly half as large as it was for‘the old NACA laboratories. The.

quality of NASA's basic research in aeronautics also seems to be Tower

than it was under NACA laboratories.

There are a number of reasons why NASA shou]d conduct basic .

- research. Basic research by NASA provides a reservoir of aeronautical

knowledge in the public domain. The NASA laboratories should conduct

~ basic research in areas where they haVe the talent. The quality of

basic research in NASA aeronautical laboratories is about equal to that

_of overall government laboratories, which ranks second only to that of
~ universities. The NASA laboratories should do basic research in areas

where they have unique facilities. Most of the major government—bu11t

‘experimental facilities should remain within government laboratories,

including within NASA laboratories. The NASA experimentai facilities
would be available tc NASA resident research groups. Basic res.:arch in
NASA laboratories facilitates transfer of basic research knowledge into
applied research. ' | '

~ SPECIAL RECOMMENDATIONS

~ The fol10w1ng personal recommendations also are made based .on
an analysis of all the 1nforwat1on gained during the course of thlS
1nvest1gat10n :

. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The NASA should consider advocating that it become the central

aeronautical research agency for the Federal Government. This role for .

NASA should not exclude highly mission-orientedlresearch efforts by
other government laboratories. However, NASA could provide an
efficient central agency for the bulk of the Government's

gy,
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‘grams, and aviation operations were established.

tions, goals, and relationships to sther organizations.. Numercus case
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st1mu1at1ve aeronaut1ca1 research efforts for both m111tary and civil : ;

Serious con51derat10n should be g1ven in NASA to advocating.
that it also assume a role as a national advisory and coordinating body
for aeronautical R&D. The rationale for NASA's activities in aeronau-
tics, as a government laboratory system, would becorie. far stronger if
such working Tinks to outside'technology programs, development pro-

~ The NASA should consider setting up a special internal manage-
ment structure for aeronautics similar to that of the old NACA. This =~
should be a partnersh1p arrangement with "1nterlock1ng boards of ',:ﬁ*v
directors” such as NACA had for over 40 years. It probably will not be
possible for NASA to serve effect1ve1y as the central government
coord1nat1ng, adv1sory, and research agency in aeronautics unless it
establishes such a management 11nk with the nation's prime aeronaut1ca1

-organ1zat1ons

- An 1nvest1gat1on should be conducted to examine the role of
NASA's contract program in advancing aeronaut1ra1 R&D.  This role might

-poss1b]y be d1fferent than the role of NASA's in-house work in aeronau-'

tics which was examined dur1ng this 1nvest1gat1on

GOVERNMENT LABORATORIES '_ ; o

_ ‘Government 1aborator1es should go to extremes to select work
that will yield results of maximum value to national aeronaut1cs, as a

» whole. A careful examination should be‘maoe.of how government labora-

tories mfght improve the transfer of full information, on advances
made under government R&D contracts, to all American aeronautical R&D

~organizations that need it. The government laboratories have subs tan-

tial influence in industry and they also have the resources to gather

~information and make it available in'a highly usable fonni

ALL AERONAUTICAL R&D INSTITUTIONS

Every organization in aeronautical R&D should make a funda-

mental evaluation of its own strengths, weaknesses, natural orienta-
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histories and general studies have shown that poor performance by an
organ1zatlon is usua11y caused by unawareness, neglect, or disregard
of these basic factors. The data obta1ned in the current study suggest
that these fundamental consxderat1ons which seem so very simple on the
surface, are probably not well understood by many aeronautical R&D
organ1zat10ns . .

The tr1butary techn1que can be used for many types of funda-

'mental organizational assessments. It is rapid and it reduces the

expenditure of top management's time. However, this new technique must
be tailored for each situation. The tributary technique requires sub-
stantially more preparation and later analysis than do more casual
conferencing methods. The timing must be precise and every structural
detail has to be cérefu]]y worked out in advance. The key to success

in using the tributary technique is to pretest every aspect of the

final procedure. The tributary technique might be constructed to ‘
examine, successively, such things as an organization's strengths,
weaknesses, propensities of its people, customer needs, future oppor-
tunities, goals, and related management factors.

Adv1;ory group methods for aeronautical R&D can and should be

improved. For eXamp]e, all advisory groups should use ségméhf"éna]ysis_

techniques. Conference structure methods should also be upgraded to
fit specifit_needs. Experience from the current investigation indi-
cates that it is possible to create conference environments, even in

" highly combetitive situations, where advisors can be themselves,
‘represent their own interests, and freely provide their best judgments.

e et




 The issues historically have fallen into three broad categories: the’

Federal Government has been the source of more than half the funds

Chapter 2

INTRODUCTION

This investigatieh examiﬁe§~basic rafionale for government
use of different institutions to conduct aeronautical research and
deve]opmeht. The Government eohsistently has supported research and
development (R&D) in the United States for 150 years. Nevertheless,
the history of government involvement in R&D has been rich in
controversy (1). The difficulty that the American government'has had
in formulating policy on R&D, in this basically free enterprise- '
system, has probably never been_more.evident'than over the last decade.

extent of government financing for R&D, the areas of government sup- S ;'
port, and the relative roles of government and prwvate R&D institu- _ %{
tions. This introduction reviews current problems in a11 .three of.

these categorles in order to establish a complete- framework for cons1d-v"
ering the institutionaIVQuestions in aeronautical R&D.

FEDERAL SUPPORT FOR R&D’

There was a total of about $38 billion invested in R&D in the
United States in 1976 (2:2). For over a quarter of a'century. the

annually invested in R&D in the United States (3:13; 4:2).]{ However,
the federal budgets for R&D have shown a downward trend over the last
ten years. Federal funding for R&D steadily increased, in constant
dollars, at average annual compouhd rates between 5.3 and 14 percent

,ffom'1953 to 1967 (4:2). The private .sector increased its investment

in R&D at a coinpound ratelef 7.2 to 7.8 percent during the same period.

. ]Notat1on (3 13; 4: 2) means Reierence 3: page 13 and
Reference 4 page 2.
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The total national investment in -R&D peaked in 1964 at about 3 pereent
~ of the gross national product (4:3). At that time, the Federal Govern-
ment provided'roughly tw6<thirds'of'a11 funding for R&D. Federal R&D.
funding;-in constant dollars, reached'its maximum in 1967. The »

federal contribution to R&D dropped from 2 percent to 1. - rercent of
the gross national product between 1964 and 1976 (4:3). The private
. sector continued to support R&D at between 1 and 1.1 percent of the.
'gross national product throughout the years from 1955 to 1976 (4:3;
, 5:3). Hence, the gradual federal withdrawal from investments in R&D
o  over the last decade was total]y responsxb]e for a decline of 27 per-
3 cent in the annual national 1nvestment in R&D to 2.2 percent of the
.gross national product by 1976 (4: 2).

In sptte of what seems to be true from the h1story of civiliza-
tions, both anc1ent and modern, economists have not been able to relate
quantitatively investments in national R&D and technO]OQICa7 innovation
to economic growth. A Nationa] Science Foundation repoft in 1974
pointed out that
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‘and. economic growth is . . . understood only in general
terms. Present knowledge of the causal connection between
innovation and economic returns is not sufficient for
developing quantitative indicators of - the relat10nsh1p (6:94).

" However, there have been studies on return on investment from R&D for -
companies in specific 1ndustr1es (6:110; 7:25-26; 8) and on the
influence of R&D on naticnal economic progress (8:2). The results of
. these studies have led most economists to recogn1ze that the 1mpact of
" R&D on economic growth is quite high (8; 9). ;
The value of federal expenditures for R&D are particu]ar]y dif-
ficult to quantify in economic terms. Most federa] R&D out]ays go for
 defense, space, regulatory activities, and other obJect1ves where the '
primary benefits to soc1ety arz not reflected in economic quantxtxes
. Two- th1rds of the federal expend1tures for R&D in 1976 were for
defense and space (4 2-3)." Other federal R&D programs promote safety,
‘health the quality of life, intellectual growth, and the genera]

welfare of the nation. The secondary benefits from techn1cal advances
from federal R&D programs often impact the ‘national economy . However,
the effects are so pervasive that they are difficult to trace and
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evaluate. -The net effects of most federal R&D on the overall national
-economy is not measurable solely from increased sales and profits for

the eompanies conducting the R&D for the Government. This fact has -
apparently led some researchers to assume that effects they cannot now

directly measure and correlate in economic quentities are.not signifi-_

- cant. " These wild assumptions lead to partial economic analyses which
imply that federal R&Drdoes not warrant the investment (10; 11; 12).-
If such f1e1ds as sc1ence, medicine, politics, philosophy, and the arts .
had waited. for economic ana]ysvs to prove the worth of every effort -
before ‘attempting to move forward, civilization wou]d probab]y still be
1n the Dark Ages. , ' . ‘
-It is becoming increasingly apparent to wide elements of both
the pub11c ‘and private sectors that serious alterations have been
occurring in the relative rate of technological progress and the
growtn of the U.S. economy since the decline of the fedefa]>investh°nt
in R&D (3; 8; 9; 135 145 155 16; 17). America's per capita income has
moved from . f1rst to fifth piace in rank1ngs relative to other major
nations (16 51). " The gain in U.S. productivity between 1960 and 1974
was less’ than that of four other major industrial nations (6 23- 24)

In fact, America achieved only one-fifth of the increase in productivity -

that Japan recorded. . The natent balance of the United States relative
to other nations fell 30 percent between 1966 and 1973 (6:17). The
patent balance i. the difference between U.S. patents gfanted in for-

- eign countries and foreign patents granted in the United States. - There
is little doubt that Amerlca s technological and industrial lead has
been slipping.

Foreign compet1t1M to U.S. manufactured goods, part1cu1ar1y
high technology products, has been gaining ground in the world market-
place (8:1; 17:28). HWhile the United States was cutting back on R&D,
three other major industrial nations were rapidly and continuously

_increasing the total percentage of their gross national products that
they were plowing back into R&D for future growth (6:4). West Germany
and the Soviet Union both had surpassed the United States in the amount
they were investing in R&D relative to their total gross national prod-
ucts three years ago. These fdreign nations, respectively, spent 2.4
and 3.1 percent of their gross national products for R&D compared to
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- the 2.3 percéntvexpendituré in the United States. Japan spent about
1.9 perceht of its gross national product for R&D in 1974. Howevgr,'if
the previous five-year trend of Japan's increases in investments in R&D

. has cdntihued, then Japan probably surpaésed the United States.in .

1976 (6:4). Thus, the United States will have to increase its relative

--investment in R&D in order to ma1nta1n its compet1t1ve pos1t*on in
.fore19n trade.

There is another possible reason- why America's. technical inno-

_ vat1ons have been slowing down. There are indications that both the
.Government and private industry have been concentrating R&D on

near-term problems and achieving evolutiona?y advances, rather than
attempting to risk more time and effort to create major new innova-

o tions (17). In fact, the average time fromVCOmpletion;of an average

research project to final application dropped from'about six years over
1960-1970 to only three years between 1970 and 1973 (6:79). Great
innovations tend to take more time to adapt for. app]lcat1ons and to
gain acceptance than do evolutionary advances. _Hence, recent trends
towards "relevance" and requiremehts for comp]éte'financial proofs of
the value of highly advanced long- -term research may we]] be st1f11ng
America's cont1nued progress. ' ‘ : ,

_'There has been considerable discussion regarding whether the
Federal Government should increase fuhding for basic research, 'app]ied
research or development. Many authors argue that the appropr1ate i
place for the Federal Government to provide support for the commercial
sector would be in basic and applied research, rather than for develop-
ment (for example, 8:38; 18; ]9; 20:59;. It is argued that'thefe is a
tendency for commercial firms to invest most heavily in the latér
stages of the R&D process where they can gain conpet1t1ve advantages
Industry is reluctant to invest in long term ‘research because 1t is
r1sky, difficult to retain for themseives and, therefore, is not as

‘Vikely to yield commensurate profits (3:15; 8:51). Thus, the logic is

that the Government should invest in research because the returns may

often be far greater to an entire 1ndustry and to society than it cou1d
- be to any s1hgle company . - The argument goes on to reject government

support of development activities, except where the Government is the
real customer for the products (19; 21). The Government is said to
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lack knowledge of the market and the motivation necessary to yield

~economically viable products.

There is a school of thought that advocates government support :
of certain development activities.  Consider the many well-known
examples of fede al support for development activities in the areas of

_defense, space, hous1ng, transportat1on, and nuclear energy An argu~ 1.,:-.’\

ment can be made for government development programs where there }
appear to be very great benefits to society as a whole, but where the
rewards may not appear great enough to any commercial firm {2 warrant .
large, unhedged, private investments. ‘

The Federal Government cont\nuously faces po]1cy issues on
exactly what R&D should be done and who should do it. Every year the
executive and legislative branches of the Government'must budget for
spec1f1c R&D programs. The Government must determine the pr1or1t1es cf”
these programs, based on where the greatest benefits to the nation can
be ach1eved. The use of federal laboratories to accomplish .a portion
of this work versus use of the private sector .is an issue which has

" arisen in many situations dating back to the early 1800's (13 22).

* AERONAUTICAL R&D -

Aeronautics is a basic industry in the United States. The
importance of aeronautics to the economy is apparent from some.
relatively simple statistics. Aeronautical procucts provide the

highest contribution to export sales of all U.S. manufactured goods and™

are exceeded on]y-by'agricultura] produces (23:1). The United States
has manufactureo over 80 percent of all the‘aircraft in'dperationlby
airlines throughout the world today (24:20). The net faVorab]e bal-
ance of trade in aeronautical products in 1974 amounted to about

A $5 billion (6:25-26). Thus, aeronautics is vital to the relat1ve

strength of the U.S. economy .and the soundness of the dollar

_Aeronautics has helped to.alter the entire nature of America's
commercial and industrial activity. It has enhanced the diversifica-
tion andAgeOgraphic disoersion of activities for a'huge number‘of

~ American commercial firms, extending them to national and multi-national .
dimensions (25:4-7). It has broadened access to cus tomers and
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: supp11ers for large and small firms in every industry. Amer1can

domestic airlines carry about 600,000 passengers a day. This figu-e ‘s
expected to increase by 70 percent over the next'ten years (26:223).
One can imagine the tremendous positive effects there must be on the
economy,from.the extensive commerce in goods and services conducted

“daily by air travel. Althbugh the effects on the economy have not been
~ “measured, they may well be more significant to the économy than any

.other factor concerned with aeronautics. However, there is also sub-

"~ " stantial economic_ectivity direetly in aviation, Aircraft sales in the

United States totaled $15 billion in 1975 and airline sales amounted to

- another $15 billion (24; 27:12). Aeronautics currently provides over

one million direct jobs (2351)»and an undetermined number of secondary

. jobs among a vast array of suppliers and related service:industries.

The United States is highly dependent upon aeronautics for

'I_ defense. In fact, the Department of Defense purchased about 1,400

aircraft in 1975 at a cost of $7.2 billion, not including purchases of

armament for these aircraft (24:20,31). Indications are that future

advances and possibly even increased purchases of mi]itary aircraft and
~air-breathing missles will be required in view of relative advances in-

Soviet military might (28:40, 44,64-69). Aeronautics provides a major
part of the industrial foundation and financial support of the aero- 7:
space industry, which also produces the nat1on S mlssles and space

. products. The aerospace industry's products are as bas1c to -the. econ-

omy, preSt1ge, and defense of the United States as ships were to the
great seafaring nations of earlier centuries.

FEDERAL SUPPORT FOR AERONAUTICAL R&D

Past federal support of aeronautical R&D has- been ma1n1y for '

_miiitary purposes. The military first employed aeronautics during. the

Civil War. The civilian Balloon Corps was used by the Union army for
battlef1e]d observation and reconnaissance (1:127-128). The War
Department supported early exper1ments on powered aircraf+ flights
conducted by Samuel P. Largley around the turn of the century

(1:284- 285). A number of government agencies conducted research in
aeronautics prior to World War I. However, the National Advisory’
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, Conmittee'for'Aeronautics (NKCA)’was founded in 1915 and provided
"~ focused research adv1ce, and coordination needed to help boost
‘fAmerlcan aviation to the forefront among nat1ons (1:283-287; 29; 30)

_ poses gave the United States its world-wide lead in both military and
o advances made in American aviation prior to 1972 (32:1). The Military
-Services directly sponsored 70 percent of all these advances. ‘Civil
~ aviation has relied pr1mar11y on military aeronautical R&D in the past =
~to prOV1de a technical bas1s and deve]opments for commercial aircraft.
for aeronaut1ca1 R&D amounted to about $3 b11110n 1n 1976 (33). The
“total government expend1ture for aeronautics was on]y about 60 percent
of the nat1on s net export sales of aeronaut1ca],products in that year
15 percent_of a]l'the'money’expended by the'Federa1 Government for -

- 'the Government's investment in aeronautical R&D. e :

‘must supply the bulk of funds for aeronautical R&D. The intensity of , 5 ;i

~ percentage of R&D expenditures of any of the 15 major 1ndustry groups |

primary customers. Commercial sales prices are Timited by world vide
_competitive forces. The Federal Government was the prime customer

29

The Government's support of aeronaut1ca1 R&D for military pur-

civil aeronautics throughout'the history of aviation (1; 31:6-27; 32).
The Federal'Government'sponSOred 45 of the top 51 major technical

Table 1 on the fo]10w1ng page shows that federal expenditures .

The federal investment in aeronautical R&D amounted to no more than

R&D (4:2; 24:93; 33). The Department of Defense prov1ded 85 pei cent of
It is not difficult to understand why the Federal Government

R&D requ1red to produce the current rate of advanccs in an industry may

be measured by the cost of R&D as a percentage of 1ndustry sales. The

aircraft and missles 1ndu>try expended an average of 21 percent of its
net sales on R&D between 1961 and 1972 (6:93).. - This was the ‘highest

in the United States. It was more than double the: of the next most
R&D_1ntens1ve group, which was the electrical equipment and communica- =

‘tions industry’(6:93). The aircraft. and misS1esfindustryfitse1f
~invested 3.5 percent of its net sales in R&D which was typical of ali

high-technology industry groups. Thus, one could not expect the air-
craft-and missles industry to provide more of its internal funds for
aeronautical R&D w1thout substant1a11y raising its prlces to its
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for missle and space producté aﬁd for over one-half of the total dollar
purchases of U.S. manufactured aircraft in 1975 (24:31). At-one end or p
the other, the Federal Government. must pay for aerospace R&D to fhe . ) .
extent of'roughly 16 percent or more of industry sales. '

* Table 1

Federa] Expenditures in 1976 for Aeronautical R&D
Shown by Performing Institution

seevent | WORK CATEGORY
OFR&D BASIC APPLIED 1
COMMUNITY . | RESEARCH RESEARCH | DEVELOPMENT |’
—e ———— ——
ALL SEGMENTS " : _
(Millions $) |  $66 $443 $1837 : . Vs
MANUFACTURING |- : « ,
AND SERVICE | 15% 665 | 70%
COMPANIES ' ' -
NON-PROFIT 2 2 b2 | . B
INSTITUTIONS e :
UNIVERSITIES | 30 4 6 2
GOVERNMENT 53 26 - 24
TOTAL 1005 | . 100% 100%

" National Science Foundation estimates (33)

e St ot e e lba

© The aircraft and missiles industry is the most R&D-1abor-
intensive industry in the United States. It was the second largest . '
employer of engineers and scientists in the United States in 1974, N _ , f 
which numbered 70,000 that year (5:10). There were about 90 engineers
for every 1,000 employees in the industry (6:93). This was more than
“twice as large a ratio of engineers and scientists to employees as for
any of the other 14 major industry groups in the United Staces.
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CRISES IN AREONAUTICS

lems, The difficulties are expected to grow more .acute in the near

' this basic'industry'slip very seriously over the last decade. An
~intense national. interest in space during the 1960's sharply diverted

The aeronautics industry has been encountering serious prob-

future unless current trends are reversed by the Government. "The U
Government has let the financial position and the rate of progress of
e et

attention away from progress in aeronautics. The effects on aircraft

R&D programs became even more serious during the 1970's when increased °

national coneern over other social and economic problems resulted in a

.general decline of interest in national defense or further advancement

of America's techboldgical’and industrial strengths. The employment
ef engineers and scientists in the aircraft and missle industry dropped
28Vpercent from 1970 to 1975. This was four times greater than the
average decline of engineers and scientists in other manufacturing

industries (4:12). Thus, the federal withdrawal from R&D over the lastr

. decade has hit the aerospace industry the hardest

There is a general belief that aeronautics has become a mature
industry (34:1). The number of new aircraft prototypes greatly
dec11ned over the 1ast two decades ~Between 50 and 70 -new mi]itary '
prototype aircraft, 1arge and smal], ‘entered f11ght testing every five

- years from- 1945 to 1960 (34). These figures do not include derivative

versions of. earlier prototypes or any aircraft modification programs.
Many qf the military development programs for_transports, helieopters,

. and even light utility aircraft were adapted by commercial manufac-
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turers. for civil aviation applications. The space program began-in
1958. The number of new military prototype air¢raft entering flight-
tesfingAdropped, respectively, to 23, 12, and then 13 in each of the
following 5-year periods from 196¢ to 1975 (34). This reduction was .
b]amed to a 1arge extent on the escalating costs of m111tary aircraft.
The reduction in m111tary development programs and possible changes in
the nature of government-sponsored research may also- have reduced the
impact of federal support on civil aeronautical advancements.ﬂfgfvfl
aircraft manufacturers developed several large wide-bodied jet trans- ‘
bort; specifically for commercial airlines in the early 1970's. These
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- enginefring developments were based on earlier research and. technology

advancements. = However, there have been no new major civil aviation

‘development programs started in the last eight years (26:233).

At the same time, it is clear that many foreign nations, with
gqvernmeht support, are continuing to accelerate the pace of their
aeronautical R&D programs for military and commercialxapplicapions;
(23;2-3; 34). Foreign aeronautics industries have Cfeariy §tepped‘up

their attempts to capture a-greater share of the world's aviation

markets (23:2). The Sov1et Union has continued to obtain 1ncre351ngly
greater advances in m111tary and civil aircraft (28:40, ,44 ,46,47,60,
62-66; 34). Amer1can aeronautics may be approaching “maturity,” but
one might well quest1on how much of this maturity has been caused by a

failure to prov1de it suff1c1ent emphasis or to do the right things.

There will be a huge demand for new civil aircraft transports
over the next 20 years. Estimates indicate that passenger travel will

-probab]y grow at a compound rate from 6 to 8 percent per year and will’

therefore roughly double during the next decade (35:63 36:124). The
growth of air cargo is estimated at § percen. annually (36: 124) New

- commercial aircraft will be required to meet this 1ncrease in demand..

In addition, the airlines will need replacement aircraft with advanced
technology to reduce noise, increase safety, cut pollution, and reduce

fuel costs. Rep]acement:aircraft will be required.;_The useful life of

current equipment is estimated to be abOut12O.yearsf(36:l]9). The -

’ average age of aircraft owned by U.S. trunk airlines plus Pan American

was calculated to be Approximately 7.9 years in 1975 (35:6). It has
been estimated that U.S. trunk airlines and Pan American will requ1re
new facilities and equ1pment amounting to a total of roughly '
$40.b1111on over the next eight years, $60-65- billion by 1990 (35:6),
and $162 billion by the year 2,000 (36:119) Thus, the prospects for
civil transport aircraft manufacturers wou1d appear br1ght if it were |
not for fwnancwa] problems. L

' Unfortunate]y, the U.S. airline industry is not in a f1nanc1a1
position to raise capxta] to purchase such massive amounts of . new

‘equipment (35: n.. The airline industry cannot provide depos1ts or
‘order guarantees +o aircraft manufacturers to raise the Pap1ta1
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required for new civil aircraft development programs. The d1ff1cu1ty
the airlines will have in flnanc1ng $40 billion of new equipment over
the next eight years becomes clear when one real]Zes that the airlines
earned only about $1 billion in the pr1or seven years (35 6): ‘This
industry is a]ready too highly burdened with debt to be a- good f1nan-
c1a1 risk under current conditions. Twelve major a1r11nes listed on

. the New York and American stock exchanges, which are: tracked by Med1a

General. had a composite Tong-term debt-to-equity ratio of 128 percent
in the 12 months prior to March, 1977 (37:24). This was higher than

90 percent of 1,500 major common stocks ranked by Media General (37:7).
Thus, the airlines would’ not appear to be a good financial risk -unless

there is government support of some nature. .
The Government has already been deeply involved in the down-

turn in aeronautics. In fact, there are claims that the Government is
responsible for it (35:8). The. profIt marg1ns of the airlines are

" influenced by air fares which. are currently control]ed through govern-
- ment regulation. " Air fares have been allowed to rise only 35 percent

over the last seven years, while the consumer: price index has increased

86 percentv(38:60).v Regulated railroad fares were aliowed to increase

100 percent during this ~same .time period (38:60). The average after-
tax profit margin of 12 major U.S. airlines listed by Media General was A
1.7 percent of sales over a 12-month per1od prior to March, 1977

(37: 74 '39:6). This ranks below 95 percent of 190 industry groups -
ranked by Media General (37:91). By way of comparison, the composite
prof1t margins of eight major regu]ated electric and gas utility

. 'grpups, ranked by Media General, varied from 5.8 to 24 percent of

sales. The compos1te profit margin for 16 major railroads:in the
Media Generai ranking was four times h1gher than for the airlines.
(37:91). The composite return on equity of the 12 major airlines’ was

only about 6 percent and the return on total capital was on]y 2 percent.
The regulated utility groups had returns on equity ‘and on total capital

that were rough)y two to three times greater than the airline group
(37:75). Even the railroads had a composite return on total capital
that was 80 percent greater than the airline group (37:75-76). The
airlines have reportedly been accused of being 1neff1c1ent by the head
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of the Civil Aeronautics Board, but the railroads have not yet been

_termed more efficient (37:91). ‘The airlines ch%rently face the possi-
“bility of gr ~rnment deregulation. They fear this will lead to an

erosion of air fares under competitive pressures and increased diffi-
culty in raising capital because of the withdrawal of government A
support (40).

Aircraft manufacturers are also not in a’strong f1nanc1a1

cond1t1on The large aircraft manufacturers are greatly dependent on o

the ‘Government for most of their income, which is derived primarily

from military a1rcraft, missles, and space products. The Government -

holds a monopolistic position relative to these products. It is not
bnly the largest customer for these products,fbut it also controls all
foreign sales of them. In a market where there are multiple suppliers
and virtually only one cdstomer, the Government,'that cus tomer has a
very large measure of control over his suppfers and their profits.

The Government can build or_destroy the industry. The compdsjte profit'
" margin over a 12-month. period prior to March, 1977, for ten major
aerospace companies listzd on the New York Exchange was 2.6 percent of
"sales (37:50). This percentage was less than the profi+ margins of

90 percent of the other 190 industry groups that were ranked by Media
General (37:91). The aerospace firms did have a return on equity that
was average for the 1,500'companies compared (37:7,50). However, the
industry faces huge capital'requiréments The Milford committee of
Congress pointed out that "The costs of developing new aircraft and
engines are approachlng the net worth of individual manufacturers,
seriously inhibiting such projects" (23:2).

Memberé of Congress and executive agencies are currently con-
sidering ways of increasing government support for U.S. airlihes and

_ for aeronautical R&D programs‘(23; 35). A substantial body of opinion

favors such action (12; 23; 38; 41; 42; 43;4]). but there are a1sb

opposing viewpoints. Many members of Congress and the executive branch

favor removal of supportive price regulation of the airlines (40).
These viewpoints are based. on a Bureau of the Budget study that claimed
air fares have been tco high. The expectation is that 16wer fares
would increase airline profits by increasing the passenger volume.
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‘There is also a contention that aircraft manufacturers have earned
v .. rates of return on total investment on military aircraft
h projects . . . substantially in excess of the level requxred to a]]ow
these firms to attract capital" (18:11). Other opposing arguments are
‘that the Government has stimulated the demand side for new aircraft

: through its regulatory powers and tax structure for depreciating com-
‘ \mercxal a1rcraft in use by the airlines (18:12). Arguments have a]so
been advanced that the Federa] Government should not increase support
__for any R&D and particu?ar]y, not for aerospace, because a decrease in
" the demand side should result in a decrease in the federal funding
supply side (10). There are those who believe that aerospace firms
should be allowed to_fai] (10:272-273). Some authors have opposed -
government.support to}tﬁe aircraft and missles industry for R&D based
on the fact that the extensive R&D required by this 1ndustry and for
the electrical equ1pment industry, which’ a]so receives’ substant1a1
federal support, are not reflected either in commensurate increases in
financial profits to these industries or increases in their produc- _
Cotivity (11 :217; 12) - Most of these opposing arguments are clear]y not
-va11d in v1ew ‘of the facts d1scussed ear11er

' RECENT STUDIES ON AERONAUTICAL R&D

Aeronaut1ca1 R&D has been rece1v1ng more attentlon and
increased study during the. decade of the 1970's. Recent stud1es have
- addressed the impact of aeronautics on the natlon s economy and wel-
: fare, current probiems and future prospects for civil aviation, the
contribution of military aeronautics to the progress of aviation, the
Government's role in regu]at1on and support of aeronaut1cs, projected
. future aeronaut1ca1 advancements and the potent1a1 offered by aero-
nautical R&D in specific technical areas (23; 25; 28; 32, 41; 42; 443
45;°46). These studies recommended that various federalfagencies sup- -
nort a:consjderab]e-amount of research, technology advancement, and
deve]opmentvin aeronautics. A Togical questidn then arises as to who

should conduct all this work for the Federal Goverrment. This issue
has already surfaced_as an intense topic of discussion 'in many previous:
pub]iCations (for example, 41; 42; 45:Appendix B; 47 and elsewhere).
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: _E‘ Wide ranges of opinion have been expressed by various aeronautical R&D
) § Teaders. However, there have been no prior systematic'investigations :
; % -of rationale for goyernment use of the various segments of the aero-
E nautical R&D community or to reveal -the relative strengths they each
© g have to offer. '

D . AERONAUTICAL R&D INSTITUTIONS -

Higas

.o

How important is it to dnderstand the institutional'strﬂctdre -
g "~ and relative strengths of the various segments of the aeronautical R&D

4 community? Donald M. MacArthuf, Deputy Director of Research and
Technology in the Department of‘Defense, pointed out during House com-

mittee hearings in 1968 that it is not bossib]e to examine even federal
laboratories in a meaningful way

. . unless we place them in proper prospective, with respact
to the other four types of performers we depend upon in the
DoD to accomplish our mission. .. . . Each of these organiza-
tional types (industrial firms, universities, non-profit
institutions, and federal contract research centers) has. a
relatively unique, although not mutually exclusive, role to
play in satisfying DoD' requirements (48:3-4), . '

One of his’'successors, John L. Allen, pointed out in 1974 that

. the differences between in-house laboratories, commer-
cial industry, and the academic community lead to differences
A in their capabilities that must be recognized and exploited ..

for a maximally effective RDT&E [research and development] .
process (49:3). :

An economist, Robert Gilpin, stated in a réport for the Joint Economic
Committee of Congress in 1975 that

.o . [The] contrasts and differences among the various

: - types of R and D should be ‘primary considerations in the L

‘ development of a national policy towards R and D They -~

: should determine the appropriate role of the various . .z Co

sectors of the R and D enterprise (university, government, . . A
and industry). Unfortunately, . . . too frequently the e
comparative advantage of each sector has been neglected
in the fashioning of national policy for R and D (8:36-37).

Gilpén asserted that part of the reason for Britain's decline in tech-
nology has been that * . . . the British have failed to integrate suf-
ficiently the three estates of science and technology: univerSities;
government, and industry" (8:63). '

J——
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H. Guyford Stever, former DIrector of the Nat1ona1 Sc1ence

: 4Foundat1on and Science Advisor to the President, pointed out in a

paper submitted to Congress in 1976 that two of the four things that
Government must know in order to define an appropriate role of Govern-
ment in aeronautical research and development are ‘

(1) to understand the institutional structure of
the av1atlon industry, (2) to understand some charac- .
teristics of aeronautical R&D . . (50:430). '

Nevertheless, there has been no prior attempt to make a comprehénéive
and systemat1c assessment of these factors relative to each other.
Serious questions already have been raised and many actions

taken in regard to.the roles performed by various R&D institutions for :

the Federal Government. They have all affected aeronautical R&D.

~ Congressional hearings and investigations in 1969-1970 quéstibhéd if it
»Iwas appropriate for ménufacturing companies, primarily aerospace
firms, to receive government support for Independent Research and
Development (IR&D) (7:41-42). Leg1slat10n was proposed to e11m1nate
such support. In the early 1970's, many individuals on: un1vers1ty '
campuses attacked the role of un1vers1t1es in performing defense-
related R&D on university campbsés Subsequent act1ons by many
universities, and by Government. itself, resulted in an alteration in
the character and extent of such activity in many fields. Proposals
‘were made by a Presidential commission in 1970 possibly to have pri-
vate contractors operate some Department of Defense in-House
laboratories (51:88). A later study in 1975 recommended that govern-
ment laboratories should be reduced about 15 percent from their 1974

“levels (47). This recommendation was based on historical fund1ng
relationships and policy decisions on the roles of government labora-
tories relative to the private sector. Substantial reductions in.

~ government scientists and engineers began in 1975. Congressional

~criticisms and pressures from other private firms led to questioning
the rationale behind the Department of Defense's use of ‘captive

Federal Contract Research Centers, which are non-profit R&D institu-
tions (52). The Department of Defense substant1ally reduced its use
of this type of institution in 1976 (52: 17) ‘
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The Office of Management and Budget of the executive branch of
the Government ‘has reportedly been exerting preSsure'on the Department
of Defense and the National Reronautics and Space Administration to
convert its in-house activities into contracts_wjth the private sector
and to decrease the number of government personnel within these -
agencies (53). The policies of the Office of Management and Budget
have long stipulated that cost should be the major factor -in deter-
mihing whether work is accomnllshed by the Governmént itself or under .
contract (53; 54). But, is cost the only factor that differentiates
aeronaut1ca1 R&D 1nst1tut10ns in regard to conduct1ng work for the

Government7

DISTINGUISHING FEATURES OF R&D INSTITUTIONS;
Aeronautical R&D institutions may be divided into five
identifiable categories: manufacturing companies, service R&D compa-

~ nies, non -profit institutions, universities, and’ government labora-
~ tories (Appendix B, pages 174 to-176).. . However, doeés anyth1ng really

d1fferent1ate these types of organizations? After all, they can all

hire engineers, scientists, technicians, and machinists. An extensive;>a'
~ body of literature published in recent years shows that organizations
. differ as a result of their internal and external environments (for

examp]e, 55; 56; 57; 58)' The internal environment includes organ1za-
tional structure, marnagement style, work patterns, 1n*eract10ns

" between ‘organizational units, commun1cat1ons, personnc. pract1ces, and
“organizational deve]opment The external env1ronment consists of the

demands placed on the organ1zat1ons by products and services requ1red

by their markets, necessary interactions with customers and suppliers,
v, the nature of competition, the economy, governmental actions, commun1ty

relations, and such factors. ' ;

The contingency view of‘organization_and management (fbn
example, 55; 59) stresses the importance of obtéining a three-wéy
match among the members' propensities, the internal environment, and
the externa1 environment.. It has been shown that different types of

»organizationa} climates. and management methods are required in order to
conduct different kinds of,work effectively. For éxamp]e, Jay M. Lorsch
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and John J. Morse (55) found that different management styles and vary-
ing degrees of feedback were necessary, depending upon the nature of -
the work and the degree of uncertainty inherent in the external envi-
ronment. In research organizations the external environment is highly
. uncertain. The most effective research laboratories uere found to be
those utilizing less structured organizations, less emphasis on com-
munications, slower feedback, and more participative management styles.
The exact reverse wis. *found to be true for effective manufactur1ng

organizations where the external environmant was highly certain and the:

nature of the people was different than in the research organizations.

- It therefore requires- d1fferent types of organ1zat1ons and management
methods to best accomp11sh different types of work. ‘

-The R&D institutions in the United States have developed dif-

ferent 1nterna1 organ1zat1ona1 climates to fit their situations.
Studies by Howard M. Vollmer (57), Albert Shapero, and others (58) at
‘Stanford Research Institute have revealed extensive categorical dif-

. ferences among the internal environments of government laboratories,

unjversities, non- proflt institutions, contract research centers and
industrial establishments. However, Vollmer (57) presented evidence
that the internal environments sometimes even differ among the same
types of R&D institutiens in different industries. Thus, it is_

- important to relate roles of R&D institutions to a specific 1ndustry;

 because the results may. not hold true for other industries.

There are clearly different external environments for all of
the institutions engaged in aeronautical R&D. Universities basically
are engaged in education and must be responsive to the students' needs
‘and time schedules. Manufactur1ng companies depend primarily upon the.
sale of their products and must be responsive to the market and their
stockholders. Service R&D companies are not dependent upon sales of
- manufactured products and therefore must address their efforts mainly

to the market for their technical services. They are also qnder ‘ '
' pressures from their stockhoners to produce profits; Nan-profit R&D

institutions have very similar external environments to those of the
service R&D cqmpanies'except they do not have to show a.profit'for
_-stockholders. Some non-profit R8D institutions, called Federal
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Contract Research Centers, are partially or totally tabtive organiza-

* tions of the Government. They are under- less competitive pressures
~ than other'organizaiions in the private sector’ Government labora-
tories do not operate 1n situations that are as compet1t1ve as those

for R&D organ1zatlons in the private sector. In fact, government

laboratories control a substantial porf1on of the funds expended on .

. research and technology in the private secfor However, each of’these :
-.{ groups must coordinate with and be responsive to their customers. The

poss1ble degrees of coord1nat1on and types of 1nteract1ons with their

- customers are d1fferent for the various R&D 1nst1tut1ons _ Hence, there

are obvwous d1ss1m11ar1t1es in the external environments as well as in

" the 1nterna1 env1ronments of the institutions engaged in aeronautical

R&D and one m1ght expect that these factors wxl],jnfluence their work.

PRIOR STUDIES ON STRENGTHS OF R&D INSTITUTIONS o

. - There have been no comprehens1ve systemat1c stud1es to examine
the re]atxve strengths of aerOnaut1ca1 R&D 1nst1tut1ons and to examine
under]y1ng rationale for govermment use of part1cu1ar 1nst1tut1ons

" Vollmer (57) conducted a study in 1965 during which he sampled sc1en-
. 'tists and research managers and obtained a crpss—evaluatxon of. the

relative prestige of several segments of the R&D community. This study
also presented data-on the willingness of different types of organiza—

~tions to communicate their resuits outside their own: organizations.

“ Vollmer's investigation sampTed‘the aerospace industry, but it wa§

limited to people in the fields of biology. chemistry, mathematics, and .

physics, which were not representatlve of the magor technical d15c1—

plines in the field of aeronaut1cs (60).

“In 1970 E. M. Glass reported peer ratings for Taborator1es in

 the Department of Defense (56:13). The relative performance of?these

laboratories was assessed by comparing the input to the laboratories
relative to their output. The input to the laboratories.was expressed

in terms of funds, equipment, and property. The -output was aseessed

from the peer ratings, papers, and patents. This investigation of DOD

-laboratories did not obtain any comparisons related to any other segment

of theJR&D'community. It also did not compare DOD laboratories relative

to their work in aeronautics.
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_ - The Department of Defense carried out an assessment of military
service laboratories from 1974 to 1975, during which it conducted a . -
survey only among members of the DOD staff (47:c-1 to c-12).. The sur-
vey provided'data on the staff's opinion regarding whether more or less
work in specific technical areas should be done under contract or in
DOD laboratories. It determinedethe staff's'attitydelregefding the
quality of work conducted by DOD laboratories for categories from
research through'development.' As part of the investigation, the Air
Force surveyed 17 internal Air Force “customers” for Air -Force labora-

'_to%y prodncts. Data were reportedly obtained regarding the competence,

responsiveness, and objectivity of laboratory personnel in relation to
categorically similar organizations outside the Air Force (47:24).

The Department of Defense laboratory utilization study presented com-

prehensive data on'personnel, contracting trends, and a very broad
specturm of Department of Defense activities. This study presented DOD

‘rationale for use of ‘various R&D institutions. However, ‘it did not

assess the relative strengths of all the segments of the R&D community

as they might be vfewed from vantage points outside the Government.
A Department of Defense task force conducted a study of

non- prof1t Federal Contract Research Centers in 1976 (52).. Survey

questionnaires were submitted to nine 'such centers operat1ng under the

Department of Defense. The task force conducted interviews with

beople in these cenfers and in'sponsoring organizations. The results
were discussed in the final report of the task force but the data were
not reported. Furthermore, this study essent1a1]y focused on a s1ngle~
Jegment of the R&D community. The study did not eva]uate the roles of

_the other R&D institutions or assess attitudes in the other institu-
" tions regarding their relative strengths for conduct1ng work for the

Federal Government. S .
A HASA cormittee conducted an 1nterest1ng study from 1975 to

'1976 ent1t1ed "The NASA Qutlook for Aeronaut1cs"“(45) Among many other
_ things, it sought to define NASA's mission 1n aeronaut1ca] reseanrch,

technology, and development (45:Appendix B). The committee- obta1ned

outside vieWpoints by personal interviews, letters, and surveys cher-
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at headduarteré level in the Department of Defense, and .leaders from .
6 other governmental agencies in Washingtor. The NASA committee
interpreted and presented>genera1 consensus statements of the comments

and also ranges of opinion. This investigation provided useful infor- -

mation on how various other organizations and outside leaders viewed
NASA's role in aeronautics. The comittee then fonnu]ated 1ts own
view of NASA's role in aeronaut1ca1 R&D. :

The earlier investigation into roles for NASA revealed the reed
to address the NASA laboratories within the total context of all the
nation's aeronautical R&D institutions. In'additidh, it appeared

" necessary to move the inquiry into the realm of quantitative determina-
tions of such subjective judgments in order to gain more.specific'
information on the extent and intensity of the opinions of aeronautical

-R&D. leaders. It was clear that more high]y_strucfured techniques
would be needed to examine intrinsic strengths, unCovér supporting
rationale, and evaluate the roles of all aeronaut1ca1 R&D institutions
relat1ve to carefully defined categorles of work.

CURRENT INVESTIGATION

The _specific purpose of the current investigation. was to deter-

. TN
‘mine what nglgilgggblps?_qj;any. exist among the relative strengths of

the nation's aeronautical R&D institutions in regard t0 conducting
aeronautical R&D for the Federal Governmenf.' It was conceived to pro-
vide comprehensive, quantitative éva]uations of rationale for every
segment of the aeronautical R&D cbmmunity, as viewed by leaders from
all of these institutions. Special methodology was devised to surface
and cross-evaluate relevant rationale. The investigation could not
logically be confined within the usually desirable constricticns of |
testing a re]at1ve1y small number of discrete hypotheses. The results

are therefore extensive in nature. They can be used as a v1rtua] hand-

book of judgments for specific problems in a wide variety of pertinent
~ issues. The information obtained in this investigation should be used
in formulating government policy on aeronautical R&D. The results also
can be employed by aeronautical R&D organizations, in the public and
Aprivate sectors, in formu]atind.]ong—rangeAgoa]s and strategic'plans,
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~ Chapter 3

METHODOLOGY
The purpose of this investigation was to determine what rela-
-tionships, if any, exist among the relative strengths of government
laboratories, manufacturing compan1es service R&D companIes,

1non-prof1t R&D 1nst1tutxons and universities in regard to conduct1ng
applied research, basic research, technology advancement, and deve]op<

ment in aeronautics for the Federal Government. A total of 25 of the

_nation's leaders in aeronautical R&D was selected from among the

members of the American Institute of Aeronautics and Astronautics.
Five leaders were -selected from each of the segments of the aeronau-
tical R&D community to provide equal weighting to judgments on

rationale that supported each segment. Analysis methods were devised

to reveal the degree of agreement among leaders within each group,
between spec1f1c groups, and for the total samp]e of a]l 25 port1c1-
pants. '

The 1nvest1gat1on was divided into two parts. The first part
cons1sted of a survey questionnaire to obtain judgments on factors

_ that were hypothesized as being 1mportant lent themselves we]l to
'wr1tten survey quest1onna1res, and were not appropriate to conference -

discussions. The second part of the investigation consisted of a
workshop. In the workshop, the participants had the oppoktunity to
introduce and cross-evaluate rationale for government use.of each type

of aeronautical R&D institution. The workshop employed afnew con-

ferencing technique that used‘successive:evaluatiOns by hbmogeneous '

" sub-groups, mixed sub- ~groups, and individuals. The techn1que was

devised during this investigation in order to stimulate d1scu551on,

" improve communications, and extract quantitative 1nformat1on on group - -

consensus judgments on‘highly controversial topics. The technique was
formulated to secure subjective judgments from groups that have
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intrinsicgl\y competitive cbjéctivés, unequal power over each ofher,

and a degrée of mutual dependence.

DEFINITIONS

Definitidns present éKMajor problem in obtaining subjéctive

_ judgments‘of the strengths ofhthe various sectors of the aeronautical

R&D community and rationale that tend to support government use -of
those institutions. The various strengths hypothesized in the survey
questionnaire and those that emerged from rationale obtained during the
workshop are operatiOnale defined:’fespectively, by the questions pre-
sented in the questionnaire-(pages 178-188), the statements made in the
workshop (Tables 10- through 32), and the related measurements.

ORGANIZATIONS

There are three general types of organ1zat1ons defined in th1s
pub]1cat10n wh1ch are 1nv01ved dlrectly or 1nd1rectly in aeronautical
R&D. ; .

Aeronautical R&D institutions. The terms seamerts of the

aeronautical RED communzty ‘and aeronautical R&D institutions have

~ identical meanings. They refer to organ1zat1ons that actually conduct

original aeronautical R&D for the Federal Government. . These organiza-

‘tions were divided into five relatively homogeneous groups: manufac-

turing compantes (Man Cos) service RED companies (Serv Cos),
non-profit R&D institutions (Non Profs), universities {Univs), and
government laboratories (Gov Labs). They are defined in Append1x B on

page 174. The essent1al differences in the definitions of these insti- .-

tutions stem from varxat1ons in thexr principal. products, serv1ces and
ownership structures. It is 1mportant to note that the terms govern-
ment laboratories and NASA laboratories refer only to original,
in-house, aeronautical R&D conducted by these laboratoriés.
Government- test centers. The primary tasks of government test

centers are to conduct ground and airborne tests for other organiza-

‘tions. They perform relatively Tittle original aeronaut1ca] R&D other'A

than developing testIng facilities.
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© - zations as system project offices (SPO s), the Air Force 0ff1ce of
) Sc1ent1f1c Research, or any. organ1zat1on ‘that sxmply contracts for and

. to the government laboratories (Appendix B, page 174).. All expendi-

45
Government funding organizations. The government funding
organizations conduct little or no origiha] R&D. They are management -
organizations that provide funds to the performing institutions.
Appendix B contains a definition of this type of organization'on
page 175. Government funding76rgénfzations would ‘include such organi-

~guides work. However, they would also include organwzat1ons at
higher government levels. that prov1de R&D funds to government labora-
tories. K ‘

‘ALLOCATION OF EXPENDITURES

_ GoVernment'contract expenditures that are principa]]y to help
government laboratory personnel conduct original R&D were.attributed

tures under government contracts to other institutions were attributed
to the institutions that conducted the original R&D, even in cases

' where the government laboratories issued the contracts. Government - i

funds for Independent Research and Development (IR&D) and the resultant
efforts by private firms were not included within the scope of this’
inVestigation.. These funds fall under the discretionary control of the
firms that receive them. These firms use the government funds for IR&D
in much the same manner as they invest their own internal funds, which’

. also were not considered in this investigation.

: CﬁTEGORIES OF NORK

The aeronaut1ca1 R&D process was divided into four categor1es

. of work: basic research, applzed research, technology advancement

and development These categories are defined by the objectives used

to justify the work and the technical nature of the work. The aeronau- .
tical R&D process attua]]y consists of a continuous spectrum of over-
lapping activities that extend from basig research through final '
product deve]opment. The nature of the work- and the information
_required to do it vary markedly from .one end of the spectrum to the
other. In general, the breadth of the objectives diminishes and the
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investments increase as act1v1t1es progress from basic research to
final product develcpment (4:6; 44: 50) Nevertheless, it is highly
desirable to create logical definitions of categories of work to
describe the steps in the R&D process. They are very'useful for man-
agement, b]anning, and budgetary pcrposes. The -definitions used in
this investigation are presented in Appendix B, pages 174 to 176.
| Immense problems arnd m1sunderstand1ngs have been created by a V
prol1ferat1on of meanings of terms commonly used to divide the R&D
process into various categories. The American Institute of Aeronau-
tics and Astronautics published a report in 1975 which ¢ceatained an
excellent discussion and comparison of 13 current sets of definitions. - o
This pUblication includes six official sets of definitions used by dif-
ferent government agencies (44:45-54). .Figure 1 illustrates the rela-
tionships between the current definitions (Appendix B) and two other

- logicai sets of definitions frequently used byvthe Federal Government.

DEPARTMENT o

T T
DEFENSE BASIC - 7 EXPLORATORY  “ADV, :
RESEARCH D OPMENT - DEV, LOPMENT
| RRB EV‘E% % B"%a A
NATIONAL P ’ Y
- SCIENCE === . %7. : —
FOUNDATION BASIC " APPLIED DEVELOPMENT:~ /'
i. . -~ RESEARCH  RESEARCH o '
| SAMAAS AT A AR AR '-"" S 'ﬁtﬁ;"ui'. ' .
. ~ CURRENT SOABLORINEL RS NNNNY2 24+ ’.’.‘III/I/I‘”", et
. DEFINITIONS BASIC APPLIED TECHNOLOGY DEVELOPMENT

“RESEARCH RESEARCH : AV, .

Figure 1: Definitions in the R&D Spectrum

]Notat1on (4:6; 44: 50) means Reference 4 page 6 and
Reference 44: page 50. .
ORIGINAL PAGE IS
OF POOR QUALITY
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Substantial communications prbblems'reSUIt from the many terms U
used in Government to describe its categor1es of R&D, ~ Ne official
published set of definitions for the categor1es of work used by NASA™-
for its aeronaut1cs programs could be located for.this study. It a]so
. was not possible to determine from NASA's 1n-house and contract work,.
G T ' conducted under these NASA categor1e>, how the categories related to
 the spectrum of work shown in Figure- 1. A Senate staff report in 1976
also noted that "It is d1ff1cu1t ‘to gauge the-extent of NASA's .work in
basic aeronautics using the current budget breakdown" (53:23). This.
problem is also reflected in much of the literature on NASA S ‘aeronau-~’
tics programs which 1nterchangeably use the terms “research.
"research and technology base," "techno\ogy,“ and "R&D." Department of
Defense officials have also often used the term “‘echnology" inter-
changeably with "applied research, “ “R&D," and “deve]opment "
Organizations in both agencres have used hybrid terms to- descr1be
‘similar things. Exper}mental aircraft built just to test aeronautical

S TAE IR R e LT AR R 3 P A R o ) OQXLETN e WLt gTie s ceali:

jnnovations or gain experience in new flight regimes have often been

TURERTLY

ca]led techno]ogy demonstrators, hardware demonstration programs.

f? B concept demonstration programs, demonstration aircraft, experimental 3
E" prototypes research vehicles, or research aircraft. Here the words :
,; nresearch," “technology," and “experimental” often are used inter-

 §_ changeably. From these terms, it might appear that the efforts fall at

% d1fferent points in the: R&D spectrum (Figure 1). The current set of

% definitions on pages 175 to 176 place such programs - we1l ‘within the

,% , technology advancement pert1on of the spertrum and often toward the

g development end of it. Hence, definitions of the categorles of” work

% pfesent a difficult problem in discussing aeronautical R&D for the

3 ~ Federal Government. ' -

PARTICIPANTS

TR

]
-

A total of 25 aeronautical R&D leaders was selected fromﬁamcng
the membership of the American Institute of,AeronautiCS'and Astronau-
tics. Five participants were selected from each of the five segments
of the aeronautical R&D community. This selection was'made tu- obtain
equal we1ght1ng of points of view from each of the five types of




‘aeronautical R&D institutions. The particieants and‘their_organiza-
% tions are listed on pages vii and viiis Profiles of the participants'
backgrounds and a description of the author's background are presented
in Append1x A on pages 166 to 171, . A
The following cr1ter1a were used by the autho* 1n selecting
each part1c1pant : -
1. Leadership--prime R&D management positian in.an
aeronautical R&D institution and/or an outstanding
reputation for original aeronautical R&D.
- 2. .Views on subject--unknown to author and sponsor.
3. Institutional affiliation--equal represeﬁtation
4, OrganIZational aff111at1on--representat1ve samp]e of
' technical products and services.
5. Geographical locat1on—-nat10na1 dispersion.
The author was acquainted with only three of the part1c1pants pr1or to
tha study. Their views on the subject were not known.
There were four problems regarding the representaticn that may
* have had some influence on the results of this investigation. First,
the leaders from the non-profit R&D institutions actually represented

two separate factions. Some 1eaders came from non-profit institutions

- that were captive organizations to the Government-and others came from
~more independent organizations; Observations from fhe workshop ‘
revealed some tendency for these two groups-tovdiffer because of ‘their
'céntrastihg situations. - Second, one representative in the non-profit.
group came from an'organization primarily engaged in space activities,
although he previously had been known fpf his work in eronautics.
- Third, the representation from government laboratories included mem-'
bers of all the major government agencies in aeronautical R&D:except
'_the_Eederal Aviation Agency. - This omission probably made a differenee_
in regard to government .civil-aviation R&D activities which deal with
~airline traffic, airports, and safety. Foufth, there were no repreéen
tatives from the helicopter indqstky, although there was an Army
representative familiar with heTicopter technical problems.
' Some caution is also warranted in regard to possibie misinter-

..pretat1ons of the results of this 1nvest:gat1on Most of the partici-
.‘pants came from part1cu1ar]y high lTevels of management in aeronaetical.
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* RaD organizations (pages vii and viii). Their judgments may not neces-
sarily have been representative of Tower level engineers, scientists,
“or managers in aeronautical R&D For example, Voilimer (57) reported
'_conSIderable differences,. in many cases, between v1ewpo1nts expressed
by researchers and those given by research managers. There also could .

~ have been differences between the participants’ judgments and those of

younger, Tess- exper1enced engwneers and scientists. The views

‘expressed by all partxcxpants, as a group, also may not have been
_representative of those that would have been obtained by proportional
,'representatxon from each segment of the aeronaut1cal R&D community.

CONVENTIONAL ADVISORY AND CONFERENCE MECHANISMS

Government and pr1vate organlzatlons engaged in aeronaut1ca1

R&D have soph1st1cated techniques. for- ‘conducting R&D However, they
“tend to use conference and advisory group methods that are old,
S1mp11st1c, and often ineffective. The most common method is the

grcup "meeting," which approx1mates the open forum of the ancient

“Greek c1v111zat1on In a forum, a group may arrive at a consensus by

vot1ng in Greek citizen sty]e or the chairman m1ght make a decision in

 the manner of the early k1ngs. There are common hybrid vers1ons of

these two group decision processes that are commonly used in the aero-
nautical R&D community. One or two people may prepare written sum-

“maries of group consensus judgments, which m1ght be a]tered by members,
~of the group or higher author1t1es‘ This method does not convey the

extent of agreement or disagreement among thefmembers of the group.

Important 1nfonnat1on can also be lost in the process of 1nterpretat1on.

Open forums have been plagued by many well-known defects that

~ can lead to poor communications and faulty .decisions (6176,86, 62:1;

63:177 to 190; 64). They include domination by -strong e{oquent

B personalities, public conflicts triggering rebuttal-oriented listening,"

embarrassments of publically revising positions, maJor1ty pressures,
interference from irrelevant material, over- -politeness, ‘authoritarian -
manipulation by organizers or chairmen, personal per1ls of free

speech pecx1ng order communications, and 1mprec1se methods of
estahl1sh1ng a group consensus
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The ‘approaches advocated for improving conference communica-

© tions and group decision; fall into two categorles They either

attempt to improve human behavior (for example, 65; 66) or they attempt
to improve the basic structure of the- conference method (61; 63; 64).
Perhaos the greatest potential is offered by seeking ways to improve
the conferencing structure since human behavior is extreme]y,difficqlt
to change on a large scale. Some orior methods have yielded improve-
"ments in the structure of open forums in appropriate situations. fhey
include brainstorming, sub-group discussions,_poﬁtingg and others (64;
67). However, many of the major problems'asso;iated with open discus-
- sions best can be solved by providing a degree of anonymity. Secret
balloting has been used to improve. decisions at the end of open forums.
Closed executive sessions ‘have also been used by government advisory
groups. However, the closed vote at the end of an open forum does not
. aid the early paft of the communication‘process and a closed executive
se551on is merely an open forum with more limited participation.
Written survey quest1onna1res have been used tc provide str1ct
anonymity, reduce irrelevant communications, and increase economy (68;
69). This re]at1ve1y old ancg usefu] method of gatherung opinions is
limited by the fact that it provides only one channel of communication.
It does not allow the participants themselves to exchange 1nformat1on,.
1deas and v1ewpo1nts in order to explore and upgrade judgments. The
survey questionnaire is also subject to many possible errors in con-
" struction including omission, vagueness, ambiguity, and biased wording.
; The impersonal survey-questionnaire technique provided the
‘ foundation of the Delphi method which was invented, not by the ear]y‘
Greeks, but by the Rand Corporation around 1950. The De]phl method has
hundreds of variations but they all basically provide for anonymous
communications by the use of successive rounds. of questionnaires (61).
After each Eound, the participants receive'the results summarized in
statistical form and perhaps written infonnétidn from the responses.

The participants may then modify their views after rethinking'the,situa-"

tion. This procedure has been found to lead towards a convergence. of

group opinions. The Delphi method has been criticized severely for its ’

high participant dropout rates, tendency to produce conformance to -
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’_ maJor1ty opinion, lack of proof of va11d1ty, and loss of _group creativ-

ity that might be possible through personal Interactlons (67) ~ There
were other criticisms attributed to the Delphi method that were no more
than incorrect appl1cat1ons of ana]ys1s methods sampling procedures,

statistical techn1ques and report1no requ1rements (67). They were not’
fundamental to the basic character1st1cs of the De]ph1 method as a con-
ferencing technique. '

* SEGMENT ANALYSIS

The methods used.in this investigation were co"siructed to pro-r'

~vide quantitative information on the points of view of 1ie leaders from

each of the segments of the acronautical R&D community and the combined
opinions of all 25 participants. 1In a criticism ci wast use of expert

-+ opinion, H. Sackman suggested that all future mets- s should empley

techniques that allow identification of sub-groups aod-analysis of -
their opinions (67:26). Sackman cited prior studies for the Government
where extensive group biases were suspected, but which were difficult

"~ to trace because of the methods employed. Many people in Government
_expect adv1sory groups to be above b1ases. One published study
- reported that advisory groups composed of membe}s of certain Air Force

aeronautical R&D organizations were completely objective in giving
advice in a Delphi study (70). This study supposedly showed that they
even provided judgments contrary to the goals of their own organiza-
tions. The proof given left some room for doubt because the impects
on future organizational goals were not carefully identified and the
statisticel significance of the comparisons. was not computed.

The current investigation employed segment analyses for several
reasons. It was hypothesized that leaders from the same types of aero-
nautical R&D institutions woqu tend to have common views regarding the
re]at1ve strenqths of all segments of the aeronautical R&D community.
Another hypothesxs was that many of these views would be shared by
leaders from all the aeronautical R&D institutions. If the segment

~analyses showed this to be true for certain opinions, then these view-

points might be accepted-as postulates. However, aeronautical leaders
from the different institutions were also expected to disagree on many
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. »-pf these issues - In these cases, the segment analyses would: prov1de

the opportunity .to select the set of “"advisors” that seemedAmost
Tikely to have made the best Judgments In addttidn,'the sub-group

- analyses would reveal sub-group V1ewp01nts that ‘might explain reasons -

for dszerent attitudes that one might encounterin dea11ng w1th peop]e
from these 1nst1tut10ns in the future. ”

SURVEY QUESTIONNATRE L

A survey quest10nna1re was prepared and ma11ed to all 25 aero-

irnaut1cal leaders prior to the workshop. .The questionnaire is. given in .
Append1x C, pages 178 to 188. It included institutional strengths that fhf“

were hypothes1zed as being significant but which did not lend them-
selves well to discussion at the workshop The suryey questlonna1re
started the participants® thlnkrng about the problem and the related
definitions.  However, the results were not fed back to the part1c1-.

pants nor 'was the survey discussed during the workshop. The intent wasf
to Timit the impact of the questlonnalre on the workshop. The part1c1-f
‘pants compieted matrices on funding in the questionnaire and at the end -

of the workshop (Appendix C, pages 187 and 188). _ _
' ' The ques*1onna1re was prepared in about two months It was -

'comp]etely rewr1tten seven times and was pre-tested on. six engineers, .

a secretary, and a housewife. The estimated time to complete it was

,‘e'45 minutes. A total of 22 part1c1pants returned the comp]eted ques-
"‘-tionnawres by mail before the workshop, ‘as requested. : These quest1cn-

‘naires were -anenymous ly returned, identified only by segment of the
"aeronaut1ca] R&D communlty _ The other three partlcwpants perscnally
~ handed in the comp]eted quest1onna1res at the start of the workshop

"WORKSHOP AND TPIBUTARY TECHNIQUE '

The tributary technzque was devised to prov1de a conference
structure for the workshop. The technique was desrgned to establzsh a

~flow of. information somewhat similar to the way that tributaries :
“develop from their own sources, success1ve1y interact with other tribu~

taries, mix 1n rvvers, and f]ow into the oceans. The technique was

dev1sed for con ‘erences where the part1c1pants belonged to organ1zat1ons‘
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" - that did have an overall common objective, where there were varicus
.dégrees;of mutual dependence among sub-groups. However, the technique
was most specifically designed for situations where these groups had, '
-at the same time, strongly d1verse, conflicting, and often competitive
objectives. It was for high- -threat environments where many partici-
pants might initially feel that individual free speech could adversely
1mpact their own organ1zat1ons. The techn%que was deviéed'for diffi-
cult topics that requ1red exp]orat1on, exam1nat1on, and h)ghly subjec-
tive judgments by qua11f1ed people. It was for toplcs that required
clear consensus judgments by groups, rather than poss1b1y d1vergent '
1nd1v1dual innovations.

PRINCIPLES OF TRIBUTARY TECHNIQUE

The trlbutary technique was based on nine maln pr]nc1p7~s
re]ated to group dvnam1cs , ' B o

Interesting group discussions. The tributary'teéhnique was
devised for group discussions combined with impersonai comnunications, 
~as-opposed to the completely impersonal approach used in.the Delphi '
“method. The-reportedly massive dropout rates in the Delphi process are
'indicatiVé'of frustration or a loss ofvintefest (67:52). In such
cases, one cannot control the tybe or extent of participacfbn. The
~ current method was devised to create an exciting atmosphere. There is
reason to believe that people think and work best under such conditions.
Prior Studies~indicéted'that ﬁma]l groups, 07 about six'members, with
“internally free discussions were most‘lﬁkely to reach consensuses »
(64:193). This concept’was found to be valid, independent of the skil
of the leaders. These prior studies indicated that periods of 20 to 30
minutes fofﬁihténse'g?abp discussions were best, although"some discus-
sion methods dealt with brief topics in only 6 minutes (64).

_ Highly structured steps. The tributary teéhnique provided a

very highly structured conference. In fact, the conference structure
- was used to replace the role usually assumed by a chairman. Neither

the author nor the sponsor had any control whatsoever over the par-
ticipants' activities within the framework of the conference structw e.
The expectation was thét the confeEence structure would a}so increase
participant teamwork, reduce interference from extrancous material,
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increase efficiency, and increase the participants' satisfaction. Some
‘earlier studies'indicated that groups are, in general, more satisfied

with'conferences that have a good deal of procedural structuring, or
control, than they are with meetings that are less orderly (64).
Graduated tasks. The entire process was divided into a series

of graduated tasks in order to he]p the part1c1pants progress1ve1y make

more difficult decisions. The tasks and the goals were careful]y '
defined for each set of discussions. The results at the end »f each
stage were self-contained and logically complete. The interaction
process wés planned so thatievery group's output, at every stagé, was
rapidiy reviewed by a peer group. The members of each group had the

ability and_the'power.to make decisions and complete their tasks at

~each stage of the process. ‘Ear]ier studies :in group dynamics indicated

that group productivity increases when the participants know that they‘.

have the power to resolve the problem that they are given (64).
Rethinking and feedback.,iThe procedures were devisedftb give

_ each participant up to three chances td'change decisions. A partici-

pant could alter his decisions each time without anyore else realizing

. that he was revising his position. The rethihkihg»prpcess was also
. designed to cohtribute to the participahtsi thought processes and to

allow them to- move on to increasingly difficult decisions. This proce-

o dui e was expected to yield a convergence in viewpoints. There was some

s e e e

pr1or evidence from a Delphi study that Just rethinking decisions
played a strorg part in the convergence process that took place in the
-Delphi method (62). Feedback was also used in the tr1butary techn1que

Al conference methods make headway by providing feedback in some form.

The tributary techanue was structured to yield t1me1y and complete
feedback on sub-group consznsus viewpoints. ' ¢

Time pressure. " The t1me for each step purposefu11y was set at
a level that would create pressures on the groups. Studies at,the

_ University of Michigan on grdup dynamics have shown that “The @ore-

urgent -the problems, the more product1ve the group" (64:63).
Graduated confrontation. The conference was structured to

1imit direct confrontations between participants from dissimilar

groups, until all homogeneous.groups had an opportunity to carefu]}y

LTk
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- technique was based soTé1y'on positive inputs followed by“quantitative /
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“consider all viewpoints. A series of steps provided indirect communi-

cation between homogeneous groups prior to mixed group meetings.
~ Constructive competition. The idea was to chanrel the natural
sense of competition into constructive contributions. The tributary ~

evaluat1ons of those 1nputs Each sub- -group was to be cha]lenged by

a sense of competition, to 1mprove on the 1nputs of other groups. ) f ’
F 2N

Anonymity. The intent was to ircrease the freedom to comauni-; -

" cate by submerging individual judgments in homogeneous sub- group ;/'
“ opinions. . The maximum threaten1ng exposure was in mixed group meet1ngs

that followed homogeneous sub-group meetings. However, in the~m1xed
group meet1ngs each participant had the option of impersonally stat1ng
v1ewp01nts as the op1n1ons that came out of h]S homogeneous group
meetings. _ L .
-Quantitative output. - The tributary technique was deuised to
prOV1de complete quant1tat1ve output on group consensus judgments at
the end of every phase of the process. Groups and individuals had to
make quant1tat1ve decisions which prov1ded focus and task-oriented -
behavior. ' '

TECHNIQUE DE‘/ELOPMENT AND PREPARATIONS

The tributary technique was designed in conceptual form. The
process was planned for five homogeneous sub-groups considering four
categories of work. The entire workshop was to-be limited to a single
day. ' : o _ . L
Tect grougs A model of the tr1butary technique was devised

" to test the whole process by us1ng two homogeneous groups and two cate-

gories of work. " The model workshop was conducted with five part1c1-
pants from one government laboratory and five part1c1pants from a
service R&D company . The participants in the test groups were inter-

11v1ewed as a group and 1nd1v1dua11y, after the model workshop

Information was obtained from the test groups on the time required to
COmpIete the tasks, the clarity of the instructions, communications
difficulties, individual attitudes, and the efficiency of the proce-
dures. The tributary techn1que and its 1mp1ementat1on were substan-,

tially modified based upon this 1nformat1on

T bt b m ey o+ >
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Training_the workshgp obseryers,: The day before'thé conference, -

five observers were instructed on their functions. - Each group discus-
sxon session in the conference was to have one observer and one
_recorder. The observer's functions were to enter fonnu]atlons of ten-
tative group viewpoints on a blacktoard, comment on clarity of the
statements, transfer group decisions to a flip chart, keep the Qroup on
time, and interpret procedures. -The observers wéﬁéJinsfidbtéd”ﬁqt to
participate in the discussions in any manner nor attempt to act as
'meeting chairmen. They were shown how to handle potential difficulties

that had arisen in the earlier test-group sessions. 'They rehearsed all B

procedures during practice sessions. The observers were as follows:

Stephen H. Achtenhagen Stewart E. Fliege

. Professor Professor
School of Busines: School of Business and Management
San Jose State University Pepperdine University .
William Brickrer Dennis D. Schiffel
-Professor . : Group Leader - '
School of Business ' Effects of Public Policy on S&T
San Jose State University National Science Foundation

John R. Chirichiello
Associate Director

Industry Studies :
National Sciernce Foundation

" None of “he observers had ever worked in the field of aeronaut1cs nor-
_ had they ever had any affiliations w1th orgar “zations. engaged 1n aero-
naut1ca1 R&D.

OPENING SESSION

_ The agenda followed durlng the workshop is g1ven in Append1x C
“on pages 189 to 191. The author took 10 minutes of the opening session
to review and discuss a list of definitions which were distributed as
handouts (Appendix B, pages 174 to 176). The roles of the observers in
the sub-group sessions were exblajned. The participants wefe_informed
that no'jUdgments would bé traceab]é to individuals. It was considered
very important not to reveal the entireVproceSS in advance‘which might
“have interfered with sequential decisions and biased group actions.
Only the procedures and tasks for the homogeneous Sub-group sessions

were outiined at the opening session. - '
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_entered the rationale statements on a hahd}he]d form (Appendixﬂc;“*'

" then sequent1a]1y rotated rooms for each of the fol]ow1ng sessions.

- 87

_ HOMOGtNEOUS GROUP SESSIONS

The participants were d1v1ded into five '\b—groups tach

" sub-group consisted of representat1ves of a single segment of the
- aeronautical R&D community. The homogeneous sub-groups met in -
- separate rooms. - ‘ ‘

_Rationale development se1ffjustification. Each sub -group was

- asked tuv indicate, on.a flip chart, as many as four pr1mary reascns why
-.the Federal Guvernment should use its type of R&D 1nst1tut1on to con-

duct each category of aeronautical R&D. In other words, each sub-group -
would submit a maximum of 16 se]f-generated statements of-ratiohale why
the Government should use its type of institution to conduct all four

_ 'categories of work from basic research through development. Each
- statement of rationale was to be a sentence that contained a single.

reason. The $tatements of rationale did not have to be unique to just
one institution or a single category of work.d’The same rationale
could be applied to more than one aeronautical R&D institution and to

- muitiple categories of work. - Tentative statements were first formu-

lated on a blackboard The observer transferred a f1na1 statement to =
the flip: chart when three or more of the five sub- group members agreed
with it (for example, see Appendix C, page 192. The recorder then

page 193.  The time allotted for the first session was 1 hour,
Rotation, review, and expansion of rationale The sub- groups

The same room was a]ways used for consideration of rat1ona]e related to
the R&D institution whose representat1ves had originally occupled the

‘room. The observers, recorders, and flip charts remained in their
original rooms. Hence, each rev1ew1ng group read the rat1ona1e state-

ments left on the f]jp chart by the pr1or groups. The f1rst task -

.-assigned to each review group was to enter on the flip chart new
-statements that either supported, clarified, or corrected rationale’ for'

government use of the R&D institution that had initially occupied the

':room The review group was not permitted to physically alter the pre-

vious statements appearing on the chart or to enter negative state-
ments. The process used by each reviewing group in formulating,

i ol
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: fagreéihéiupoh, and recording the new rationale was exactly the same as
"had been used in the initial session. Next, the reviewing group again

examined the previous rationaTe to determine if.it considered any of
the rationale to be completely invalid. When four out of five members
of a review group agreed upon such a judgment, the recorder then noted
it. by placing a blackball (q) on the hand-held rationale sheet
(Appendix C; page 193). The recorder also noted which homogenecus
group entered each statement of rationale by using a plus (+). This
information did not appear on the flip chart and was not available to
the reviewing grodps during these hdmogeneous group sessions. “There
was oh]y'one round of rotation. -Thérefore; none of the homogeneous -
sub-groups had an opportunity, during these sessions, to see any of the
new rationale ehiered on its original flip chart. The single-round
approach was used in order toiavofd concerns of competitive counter--
actions that might have followed the first round of reviews. However,

the one-round approach meant that none of the sub-groups could evaluate
~all of the new raticnale entered by all reviewing groups on the flip

charts of every other R&D institution. The time allowed for each -

review session was 25 minutes. The abservers indicated that perhaps ]0_

additional minutes should have been allowed for the last sessibh
because of a substantial accumu1§tiqn of rationale statements.

FEEDBACK ON RATIONALE

The rationale statements and judgment; from all the pfior'homo-
geneous sub-group sessions were next distributed to all participants.
~ This distribution was accomplished by reproducing the accounts main-

tained by the recorders on the hand-held rationale sheets (Appendix C,
page 193). The participants were next given instructions, in a general

- session, for the mixed group sessions which followed.

MIXED GROUP MEETINGS

The participants”were then divided into five mixed groups.

' Every mixed group had one person'from_each of the five segments of the.i

aeronautical R&D community. Four of these groups each considered a
different category of work: basic research, applied research, tech-
nology advancement, or development. Each mixed’ group reviewed all of
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3o . . the'ratioha]e statements and group judgments that pertained to work by

- all five aeronautical R&D institutions within the one work -category.

v The fifth mixed group-dea1t>with the‘entire spectrum of work
conducted by NASA laboratories. This group considered all rationale
and group judgments that app11ed to work conducted by government

' "]aborator1es - } . B

L Rankings of rationale. The mixed gcoupsufiﬁst ﬁaﬁked, in order

. R - of 1mportance, the rationale statements supporting a particular cate-

A A gory of work by each segment of the aeronautical R&D community. The
rankings applied only to a single segment and no attempt was made to
cross- evaluate ratxonale for the different types of 1nst1tut1ons The
group that considered NASA evaluated the rationale for govermncnt
laboratories relative to NASA laboratories. The group members ranked

' ‘the rationale in order of importance within each category of work'

There was no attempt made to cross-rank the 1mportance of rationale for

o different categories of work by NASA.

< __F - ' 'v The rankings for all groups were from 1 (h1ghest) to 5 or 6
- ' : (Towest). Statements could also be rated below the numerically ranked

jtems by leaving blanks. A mixed group could indicate that statements
" were invalid when four out of -the five members agreed to it (o). The -
other rank1ngs had to be approved by three or more ! rmembers of a mixed
' group. A mixed group could also add new statements of rat1ona1e as had
l ]'? been done in the earlier sessions.
' 3 Distribution of work. The mixed groups then formulated quant1-?:l+
tative judgments of how deeply each segment. of the aeronautical R&D -
community should be engaged in each given category of aeronautical R&D
for the Government. Each group arrived at a consensus regarding a
reasonable percentaje distribution of federal expenditures among the
~ various segments of the aeronautical R&D'cmnnunity for each category of

work. These determinations were not meant to represent specific recom-
mended numerical constraints. They were to reflect rough]y the
expected extent of the relative roles of the various institutions in

. View of the rationale that had just been considered. The mixed group

- that considered NASA laboratories indicated their judgments on the .
percentage distribution of NASA 1aboratory funds that should be.
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~ distributed among in-house basic research, applied reseerch techndl-

ogy advancement, and development. The time allotted for the mixed
group sessions was 1 hour and 20- m1nutes

INDIVIDUAL EVALUATIONS AND FEEDBACK

A general session was then held for all nart1c1pants The -
author read each mixed group's rank1ngs of rationale. The participants

" duplicated these rankings onto their copies of the hand-held rationale
:'sheetsv This means of feedback probably could have been handled more
-efficiently by reproducing and distributing these tables. The partici-.

pants then considered all prior judgments and individually ranked the
relative 1mportance of the rationale statements in the left-hand co]umn
of thsir own hand-held rationale sheets (Appendix C, page 193).

-author then displayed the mixed group's work distribution. The par-"
~ticipants thon 1nd1v1dua]1y entered their own eva]uatIOns of relative

~ work distribution on special tables provided to each individual
(Appendxx C page 199). Thfs entry was made for each of the four cate-

gories of work and for NASA laboratories. The time al]otted for this
phase was 1 hour and 25 minutes.
An extremely high dropout rate occurred in f1111ng out 1nd1v1d-

.ual evaluation forms 1n_the~very last portion of this phase, when NASA
- Taboratories were considered. Immediately, 8 participants dropped out
- and this number steadily increased to 17 dropouts;';Only'one dropout

- departed from the conference table. 'This sudden cessation of activity

may have been caused by the laborious nature of infofmatidn_feedbatk

' andrhandwritten individual evaluetiens. On the other hand, it may also

have been caused by concerns that the sponsor.{NASA) ‘might be able to

trace individual Judgments Such concerns. were later expressed to the
author by several participants. At the end of the 'workshop, thegpar-'
ticipants were instructed to code their written evaiuation,sheeté in a

manner that clearly guaranteed anonymity. It would have been better if -

the codlng had been done at the beg1nn1ng of this session.than to post-
pone it to the end :
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: tiohnaires aimed at determining their initial reactions to the

| | 6l
SUMMARY OF TRIBUTARY TECHNIQUE ' . _-
' Figure 2 shows a summary of the tributary proceSs.._The initial

questionnaire was not actually part of the conferencing technique since
it was not used in the workshop.

:Qﬁestionnaire.x Individual : - <
Allocation of Funds -

Tribﬁtéry Process
Begins

Y

Homogeneous Groups
. Rationale Development.

¥

Rationale Review by Other Homogeneous
Groups. - Additions & Invalidations.

Y

Mixed Group Review of Rationalz. ' - i
Additions, Rank Ordering & Invalidations. Ce :
Mixed Group
Allocation of Funds.

¥

‘Individuai Rank Ordering of
Rationale & Invalidation

Y

Individual
~Allocation of Funds

ryay

I3, AT
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Figure 2: Summary of Tributary Process

TR

TRIBUTARY TECHNiQUE_EVALUATI(N

At the end of the worksnop, the pafticipants combleted ques-

tributary technique. The results are shown in Appendix C, pages L
201-202. . Eighty-five percent of the participants stated that this i
) . ", . . : . . : i
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workshop methodology improved communications over their. axperiences
with methodologies used in previous advisory groups where the topics
were hignly subjective and the advisors had naturally diverse group }

“interests. These pérticipants"estimated that they, as a group, had

taken part in over 350 categorically similar meetings. The one par-
ticipant who felt that there was no improvement over prior methods had
taken part in about a dozen'categorica]ly similar -conferences. :

QUANTITATIVE METHODS

There were essentiaily three different types of quantitative
data taken during this investigation: rank order mumbers, percentagé‘
distributions, and opinion ratings. ~The first two types of data were
avéraged for each group and are reported in that form in Chapter 4.

‘_The third type is reported without alteration. The average values

reported for the rank order data are called group consensus rankings -

- -or just consensus rankings. The average values repcried for the _
percentage distributions are simply called group percentage distribu-

It is extremely important td know the pfobabiijty'of chance 1in

-regard_to the participants’ judgments. Variations in agreement among .

Jjudgments by different members of each group (that is, the scatter in
the data) are refiected in statistical probabilities of chance. ~These
probabilities are reported along with all average val.e data. They

‘ indicate the statistical probability that the difference'between com-
- “pared mean values could have occurred by chance. A smell value for the
probability of chance (P) means that the reported d1fferences between
any two or more average values ngen by a group were probably due to

strong agreement among the members of the group rather than just. a .
chance occurrence.

GROUP CONSENSUS RANKINGS

The group consensus rvankings were calculated by scoring the
participants’ rankings, averaging the scores, and then re ranking the
ltems in the same order as the averages.

Rankings and related computations. - Appendix C-5 describes the
methods used for rank1ng, re-scoring the rank1ngs, and then calculating
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the grdup consensus rénkings Group EOnsensus rankings will be the
‘best estimates of the true overall group rankings if they are stat1st1- s
cally significant (71:100-102). In other words, they must reflect a L
~ low probability of chance. : - _ . : f
" In considering rankings, it is important to realize that_the;',
judgments do not necessarily correspond to the indicated se&le.intéFVal.
For example, theré can be a much greater difference in judgments
Al between items ranked first and second than between the second ranked
item and an item ranked third. ' _
Agreement among part1c1pants. Measures of the extent of agree-{
" ment among‘members of the groups, for the group consensus rankings, _
were calculated using two related indicaters: the Kendall coefficient
of concordance (W) and the associated probab111t1es of chance 4_ '
(71:94-106; 72:229-239). The Kendall coefficient of concordance is
| simply an index. It equa]s a value of one-when there is perfect“agree-~
© ment among ihe judges and it approaches close to zero when there is no
"agreement. The Kendall coefficients were corrected for.ties.awarded.to
different ftems in a ranking by the same judge. The correction for
ties tends to 1ncrease the values of the Kendall coefficients..
The probabilities of chance (P) associated with the Kendall
coefficients were also computed for all group consensus rankings
' - (71:94-106;. 72:235-237). The probability of chance was not corrected
i . for ties in accordance with accepted methods. - It was assumed that the :
Kendall coefficients and the group consensus ranklngs were stat1st1-‘

' ‘cally significant when the probabilities of chance were 1ess than or
~equal to 5 percent (a < 0. 05). 'Interesting tnings oCcurred when the
 participants highly agreed on close to the same rank for almost all

‘1tems, creating mostly ties.  The Kendall coeff1c1ents went up because o
_of the correction for ties. This index indicated that the,members _V_:.: : L
E tended-to égree.--However, the probabilities of chance also increasedi ‘:J? ‘; = i
" which correctly indicated that the differences between group'consensus i
rank1ngs for the items became statistically insignificant. ;
" The statistical probab111ty of .chance was computed for certain
rankings using the x2-test (72:175) or thé binomial test (72:36-42).
" These tests were used'when there were insufficient variables to employ
-Kendall coefficients and. the related significance tests. In addition,
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the x*-test was used in some important comparisons to evaluate the sta-

tistical significance of changes in ranks for a particular item, from

one set of circumstances to another. This methodology is covered in
greater detail in the discussion of the results. The results presented
in Chapter 4 show the probability of chance (P) and the statistical
test used in the computations, i.e. W, x » or reference to the bxnom1a1ﬂ~

._dlstrlbut1on ' ‘ - -

GROUP PERCENTACE DISTRIBUTIONS

The questionnaire and workshop called for 1nd1v1dua1 partici-
pants to render Jjudgments that involved dlstr1but1ng percentage alloca-
tions among a number of items. The: percentages were always required to._

" total 100 percent when summed up over all the items in a distribution. -

Mean values. The group percentage dLstrzbutlons were computed.

1% averagxng the percentages allocated to-any one item by all members
. of a group. This averaging was done for each item in the dwstr1butlon

'-'Agreement among;participants. There were two statis' ical tests’

- used to determine the extent of agreement between members of a group in

regard to the mean values. They were the F-test and. the t-test. These

statistical tests apply to opinionAdata which reflect interval scaling

in judgments. . Both of the tests yield the probab111t1es that the indi-
cated differences in mean values m1ght have occurred by pure chance.

The F-test determines the probability of chence«for the indicated dif-
ferences in group mean values for an entire percentage distribution _
(73‘223—230) The t-test is a method used for small samples to deter-
mine lf the differences between only two mean values are statrstrca?ly_.

' s1gn1f1cant (73:191- 198). The probability of chance (P) was computed
using the t-test for two related samples (74:386). The statistical

probabilities were determined directly from the F dictribution and the
t distribution using a Texas Instruments SR—52 caltuTator, a Hewlett- -
Packard HP-65 calculator, and their associated statistical program
packages. The results given in Chapter 4 indicate F and t values and
identify which stat15t1ca] tests were used for comparisons. between
var10us ‘mean va]ues '
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Chapter 4
RESULTS AND DI CUSSION

The discussion of results is divided into.three sections. .The
first section deals with factors that were hypothesized as distin-
guishing the var1ous segments of the aeronautical R&D community from
each other in regard to conducting work for the Federal Government.

~ These results were obtained by use of the survey questionnaire. " The
second’ sect1on'qf this chapter presents the rationale developed during

:5- the workshop by the aeronautical- leaders from the various: R&D institu-
% tions. -The third section presents the resu]ts on the distribution of
‘i work among the various aeronautical R&D institutions for activities .
'3, ranging from bas1c research through development.
B
% - HYPOTHESIZED DISTINGUISHING FEATURES OF
%. AERONAUTICAL R&D INSTITUTIONS
-
f This sect1on .covers the results obta1ned from the survey ques-
’ % tionnaire subm1tted to the participants prior the the workshop.
B .
t‘_‘ .
: § : QdALITY OF WORK
: é- : v :' ~ Table 2 presents the aeronautical 1eaders group consensus
f-% rankings on the quality of work characteristic of various R&D institu-
j'%’ tions. The institutions being ranked are shown at the top of the table
2

. and the affiliations. of the judges. are indicated in the left-hand col-
umn. Hence, it is possible to read across any row and determine how
the aeronautical leaders from each institution ranked the quality of

" work by all aeronautical R&D institutions. The group consensus rank-
ings are'from 1 (highest) to 5 (lowest). Each group consensus rank1ng
was calculated by averaging the ranks given to each institution by all

~ the judges in a group and then awarding group consensug ranks to ali-
the institutions in the same order as the averages (pages 62 to 64)

65
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The Kendell coneordance coefficient in the right-hand EOIUmn indicates

'Athe degree of agreement among the rank1ngs awarded by the judges affil-

jated with the. group ‘shown 'in the left- hand column of the table. Per-

‘fect agreement would yield a Kendall coeff1c1ent of 1-and no agreement

wouid-produce a coefficient close to 0 (seé page '63). High Kendall

A'coefficients, such as shown in Table 2a, indicate’that the individual

Judges in each group ranked the relative qua11ty of basic research very

'”?close to the values shown in the table.

The total group-consensus rankings s“own in the bottom rows of

" Table 2 wera computed from the individual rankings made by all 25
' participants. The total group-consensus ranking is an equally weighted

composite of the judgments of”the aeronautical leaders from all of the

. institutions. There was statistically significant agreement -among. the

total group of 1eaders, on the rankings of work qua11ty cver the full

‘spectrum of 'R&D. Agrﬂement was assumed to be statistically 51gn1f1cant

if there was not more than a probab1]1ty of 5 percent that the indi-

~cated compar1$ons between values could have occurred_by chance. In

Table 2

Group Consensus Rankings on Quality of Work

Responses to: “. . . rank the various segments of the aeronautical R and D.,
coumunity in order of the relative overall QUALITY of aeronautical R, T and D -

vork performed. . . . Rank :he organizational segments from 1 (highest qualuy)
to 5 (lowest quality) . . ;

~ Table 2a: Basic Reéearch'

. _ . ; KENDALL
RANKINGS CF+ [MAN |SERV [NON- |UNIVS|GOV: {| CONCORDANCE

BYy+ ~~_]cos lcos |[ProFs| . |LABS }|COEFFICIENT (W)

MAN COS | T (5) 4 5 3 1 2 0.81.

SERV COS () | 5 3 ? 1 4 | 0.78

NON-PROFS (5) 5 4 2 |1 2 0.74

UNIVS (s 5. 4" 2 1 2 0.85

GOV LABS - (5 5 :

v_ v F-), L4 | 2 1 2 0.71
ALL 25 . . 15 1 4 2 | o2 i 0.70 -
PARTICIPANTS - - :

ORIGIN
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Table 2b: Applied Research
- S KENDALL
- RANKINGS _OF+ | MAN [SERV [NON- |UNIVS|GOV CONCORDANCE _
" BY+ C0S {COS  |PROFS LABS |ICOEFFICIENT (W)

MAN COS (s) 1 2 1] s 3 3 1 * 0.36

SERV (OS (5) 4 1 2 5 2 * 0.22
|non-prors  s). | 4 | 2] 1 | s | 2 +0.42

UNIVS (5) 5 4 | 2 3 1 0.68

GOV LABS ) 5 3 2 4 1 0.64

ALL 25 2 1

PARTICIPANTS

“Table 2c:

“Technology Advancement
‘ KENDALL . |
RANKINGS __OF+ | MAN [SERV |NON- JuNIVs|GOV CONCORDANCE |
BY+ { cos |cos |PRrOFS '|LABS [COEFFICIENT (W)
MAN r0S ) +1..] 3 3 5 2 - 0.62 - o
SERV COS ) | 2 1 3 |5 3 0.51
NON PROFS - (5) | s 2 1 4 2 * 0.31
UNIVS (5) | 1 2 ] 4 | s 3 9.78
GOV LABS ) | 1 3 3 5 1 | 0.57
“ALL 25 1 2 3 5 1 3 0:31
| PARTICIPANTS : ‘ L
Table 2d: Development
- KENDALL
RANKINGS _OF+ | MAN |SERV.[NON- |univs|cov CONCORDANCE

. BY+ cos {cos |PROFS| -  |LABS | COEFFICIENT (W)
MAN COS ) | 1 3 z 5 2 ©0.83
SERV COS sy | 1 | 2 4 5 3 0.71
NON-PROFS ) |1 2 2 5 4 0.81
_UNIVS ) {1 2 4 s | 3. 0.81
GOV LABS ) |1 2 | 4 s | 2 | 0.90
ALL 25 1 2 4 s | 3 0.77
PARTICIPANTS - : . e

Over 95% probability in cases not as.!erisked, that ranking by cach group reflected 'a peaningful
group discrimination of differences in ranks, rather than chance variations (P < a = 0.05).
Asterisk (*) indicatcs_t‘:is ‘probability is under 95%V.
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h'other'words; there had to be at least a~probabi1ify'of 95 percent. that

the consensus values represented a meaningful overall group discrimina-
tion betweer ranks. The Kendall coefficients indicate that the extent
of agreement among all the participants was the highest for basic

" research and development, which represent the two outer extremes of the

R&D spectrum. The extent of agreement among all part1c1pants as a

_group, was lowest for app11ed research.

The total group-consensus rankings in Table 2 indicate that the

"aerOnautlca] R&D institutions produce qualities of work that complement

each other across the R&D spectrum. The institutions that characteris-
tlca]ly produce the highest qua]1ty of work in each category were con-
sidered to be universities for basic research, government laboratories
for app11ed research, and manufacturing companies for both techno]ogy
advancement and deve]opment The total group- consensusvrankings for

- the universities reflect their orientation towards fundamentals, rather_

than,more applied pursuits. The non-profit R&D institutions were

" recognized as supporting the prime institﬂtions:wjth quality work

because they received the-second-highest places for both basic and

: app]ied'research ‘The more app11ed supporting roles of the service R&D

companies were apnarent from the second place consensus ranks they

' received for the quality of technology advancement‘and deve]opment.
‘The quality of werk by manufacturing companies was,considesed'high for .

technology advancement and development, but low for basic and abp]ied
research' This finding suggests that manufacturlng compan1es are most -
or1ented towards creat1ng competitive,. new, near-term products. They do
not seem so well oriented towards research for far-term 1nnovap1ons in
aeronautics. The government laboratories were the only institotion that -

rece1ved total group- consensus: ranks that were within the top three

h places for the quality of work over the entire spectirum of a]] R&D

activities. This finding implies that government 1aborator1es have a

' broader orientation than do other aeronautical R&D 1nst1tut1ons

There was significant internal agreement on 75 percent. of ‘the _
sub-group consensus rankings. The aeronautical leaders from the

" universities and government laboratories were the only two sub -groups

that d1sp1ayed s1gn1f1cant internal agreement on all consensus rank1ngs

omG“‘ UA»YY“‘
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- 45 percent of the sub-group consensus self-rankings was better than any‘.

69

of all four categories ofchrk by all the institutions. There was also
remarkab]y close agreement between these sub-group consensus rankxngs
and the overall consensus ranktngs by all participants. .

‘ Biases in sub- group self-rank1ngs can be evaluated by examining
the d1agonal of numbers extending from the upper left to the Tower
right of every table. A bias becomes apparent when a rank on this
self-ranking diagonal is better -than any of the ranks awqrded by peer

sub-groups. This bias can be seen by comparing a rank on the diagonaj i

with values up and down a column from the d1agona1 A total of

comparable rankings by peer“sub-groups _ None of the self-rankings were

" below peer group rankings. It is also interesting to note that .

three-fourths of the sub-group Se1f-rank{ngs were either 1 or 2 for all

| tategories of wbrk.j Every sub-group displayed some natural biases in.

ranking the quality of their own work, except the university leaders.

Hence, there were natural biases when the sub-groups ranked the quality

of work by their own institution. However, a careful compaiison. of
sub- group rankIngs 1nd1cates that the total group consensus ranking, in
the bottom rows of Tab]e 2, ba]anced out. 1nd1v1dua1 sub-~ group biases.

QUALITY OF AERONAUTICAL R&D. FROM NASA LABORATORIES A

The Mational Aeronaut1cs and Space-Admlnistratlon (NASA)
rep]aced the Mational Advisory Committee for Aeronautics (NACA) in
1958. Numerous recommendations have been made that the Gévernment

should -support an R&D, 1ne1ud1ng aeronautical R&D, in a manner charac-'

_ teristic earlier of NACA- (8:53; 23:48; 42:58; 45: Append1x B:9, 11, 19,

29).1 Table 3a presents the first of several compar1sons that were
aimed at exploring what basic differences exist, if any, between NACA

and NASA laboratories in regard to in-house aeronautical R&D. Table 3a:

shows the number of aeronautical leaders that ranked the qua11ty of
aeronaut1ca1 R&D by NASA's Iaboratorles either below equal, or above

"~ that of the 0ld NACA

[ U

]Notatlon (8:53; 23: 48 42:58 and so forth meaniseferenee 8:
page 53 and Reference 23 page 48 and Reference 42 page 58 and so

forth.
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A1l comparisons in Table 3a were statistically significant.
The bottom row in this table shows the ﬁumber of aeronautical leaders
that would have been expected to rank NASA respect1ve1y below, equa]
and above NACA, if the rankings had been made. by completely random
selections under the probab111t1es_of chance for infinite size samples.
When 2 numbers are selected at random and each of them may range from
1 to 5, there are 5 ways thét the 2 numbers éould»turnAQQt“equal _
(P=0.20) and 20 ways that they could be unequal (P=0.80). There is the
same probability (P=0.40) that the second number could be higher or
Tower than the first number. Hence, one would expect that out of every
25 random selections of 2 numbers there would be 5 equal numbers, 10*
Tower second numbers, and 10 h1gher second numbers re]at1ve to the
f1rst numbers selected. ‘

The results in Table 3a indicate that the ‘aeronautical leaders, -

as a group, believed ‘that the quality of basic research and app11ed

research in aeronautics by NASA laboratories is below that characteris-

tic of the earlier NACA ]aborator1es. The aeronaut1ca1 leaders, as a
group, believed that the quality of NASA's laboratory work in aeronau-

) tiéal‘technology advancement is about the same as it was for NACA.

However, the participants 1nd1cated that the qua11tj of NASA s 1n house
development work in aeronaut1cs is super1or to that of NACA. ~ . '
Table 3b presents a comparison of the qua11ty of z:ronautical
R&D by NASA laboratories relative to all government laboratories. The
results indicate that the aeronaufical leadefs, as a group, perceived
no differences between NASA laboratories and other government labora-
tories in regard to the duality of any category of work. This conclu-
sion is indicated either by (a) the number of aeronautical leaders that

“gave equal ranking to both NASA and overall government laboratories,

(b) an equal number of leaders ranking NASA both above and below

- overall government laboratories, and (c) a lack of stat1st1ca1 s1gn1f1—

cance in ranklngs

UTILITY OF RESULTS

An initial hypothesis was +hat the: aeronaut1ca1 R&D leaders
would weigh the usefulness of the results produced by the various 1nst1-

. tutions differently than quality of their work. The results in Table 4
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;gi Table 3
; Qua11ty of Aeronautical R&D by NASA. Laborator1es
H : compared with
i Earlier NACA Laboratories and Overall Government LaboratorIes
i (D1sp1ays number of lsaders making 1nd1cated ranking)
. Responses ta: "Similarly rank the relative QUALITY of 1n-house aeronautical work characteristic of just
: NASA/NACA. Use a acale from 1 (highest quality) to 5 (lowest quality) relative to the segments of the v
aeronautical R and D community shown in the previous matrix. . . . NASAINACA may rank equal to, i
| higher cr lower tlhan the'oVerzfll government laboratory segment." - ..
‘Table 3a: NASA (1976) versus NACA (1958)
L QUALITY NASA NASA "NASA PROBABILITY OF CHANCE
- FROM | BELOW - EQUALS ABOVE '
' WORK - | NACA NACA NACA X2 PROB. (P)
BASIC RESEARCH - | - 17 6 2 | 11.50 0.3%
APPLIED RESEARCHA 14 7. -4 6.00 - 5.0%
TECHNOLOGY - : : o
: . 12 ‘ .
| aovancevenT 5 8 12.70 | 0.2%
‘|proDUCT ‘ L 3 .
. { DEVELOPMENT 3 7 15 8.20 1.7%
b e e e e e
EXPECTED FROM _ . - -
PURE CHANCE 10 5 1 10
Table 3b:  NASA versus Overall GovernmbntALaboratbries
QUALITY NASA NASA NASA PROBABILITY .OF CHANCE]
FROM | BELOW EQUALS | -ABOVE 3 )
WORK 2 | GOV LABS | GOV LABS | GOV LABS X2 | PROB. (P)
! BASIC RESEARCH 8 9 8 4.00° | * 13.6%
| APPLIED RESEARCH 9 12 4 13.50 ! 0.1%
i ' - '
; _ | TECHNOLOGY - ' - : -
ADVANCEMENT 5 11 9. .9.80; 0.7%
PRODUCT 11 7 7 1 805 * 40.7%
DEVELO?MENT : . - L
, EXPECTED FROM N ‘
@ PURE_CHANCE 10 > 10
R o | - mm%“““
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COmparisons of Rankings of Work Quality versus Utility of Results ’
~ - (Shown in number of leaders making rankings)

' Table 4

e o K T - PR AT

AR . .

Besponses to:
community in order of the relative overall USEFULNESS of the RESULTS they pro-

. . rank thc various -cgmznta of the aeronsutfical R and D

duced. . . . Rank the results produced by each organization in order cf
USEFULNESS from 1 (greatent usefulness) to 5 (least usefulness) . . . ."
- UTILITY UTILITY UTILITY PROBABILITY OF CHANCE
WORK CONDUCTED - BELOW EQUALS |  ABOVE - .
CATEGORY - BY QUALITY QUALITY. - QUALITY X< PRGB. (P) -
'MAN CcoS 1 .19 - 5 49.80 . ‘Below 0.1% -
o SERV COS 2 17 6 36.80 "
BASIC » . .
NON-PROFS 4 21 - 0. 64.80 M
RESEARCH : . . — ~
UNIVS 4 21 0 64.80 "
GOV- LABS 7 17 1 37.80 "
MAN COS 5 14 6 20.30 "
4 - SERV COS -5 16 4 30.30 "
APPLIED : _ = -
. NON-PROFS . 4. 16 S 30.30 i
RESEARCH ONIVS 9 11 5 9.80
! Gov LABS 4 17 4 36.00 4
| EXPECTED FROM FURE CHANCE 10 5 10 i
LJ
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: 3,Tab1e 4 (Continued)

PROBABILITY OF CHANCE

. | UTILITY UTILITY UTILITY
. WORK CONDUCTED BELOW : EQUALS ABOVE > '
CATEGORY BY QUALITY QUALTTY QUALITY X< PROB. (P)
MAN COS 5 13 7 16.20 Below 0.1%
' SERV COS 7 15 3 ~25.80 - "
_ TECHNOLOGY NON-PROFS 6 17 2 36.80 "
ADVANCEMENT | yn1ys 4 18 - 3 42,30 "
' GOV LABS 3 15 7 25.80 "
'MAN COS - 0 25 0 100.00 "
' SERV COS 4 18 3 - 42.30 "
: PRODQCT NON-PROFS 3 19 3 49.00 "
DEVELOPMENT| ynrvs 2 22 1 72.30 "
GOV LABS 3 17 5 36.20 "
10 10 '

EXPECTED FROM PUKE CHANCE

5

€L



S ind{cete.that the‘partieipants did not differentiate between utility
and quality. Hence, no. further compar1sons for the utility of R&D are
rvpresented in th1s pub11cat10n. '

‘ABILITY TO FOCUS ON SPECIFIC REAL PROBLEMS

. - Table 5 presents group consensus ranklngs on the character1st1c
' ab111ty of the aeronaut1ca1 R&D 1nst1tut1ons to focus on ach1ev1ng
’ solutlons to specific real prob]ems. ! ‘

Table. 5

Ab111ty to Focus on So]v1ng Spec1f1c Rea] Problems
Group Consensus Rankings

Responses to: "All other_thlnsa being equal, rank each of the following typés of
. organization in order of their ability to focus on achfeving solutions to
" ] speciffc real problems. . . . from 1 (most able) to 5 (least able) for each type
-of organization." . . .

S B : - KENDALL -~
- RANKINGS _OF+ | MAN [SERV |NON- [uNIVS|GOV | CONCORDANCE
_ BY+ | cos {cos |PROFS - |LABS | COEFFICIENT (W)
X MANCOS - ()| 1} 3 | 2 S 4 | 0.52 - )

e SERV 'COS ) | 1 2 {3 ] s 3 *0.34
REEE NON-PROFS  (5) | 1 2 | 31 s | 4. 665 _
. UNIVS = (5) | 1 1 3 s |3 0.65 ‘
S GOV LABS ) | 1 2 | 3] s 3. 0.54 i
oo a2 oy 23 s | o4 0.42. i

Y 'PARTICIPANTS - ; ;

Over 95% pmbabxhty in cases not asterisked that ranking by each g'roup reflected a meaningful S .
group discrimination of differences in ranks, rather than chancs vuiations (P<a=0. 05) ’ :
Asterisk (*) mdicates this probabnuty is under 95%.

' There was signifieant agreement on the total grdup-consensusrranking

" shown on the bottom of the table. The total grOup—Consensus;ranking
indicates that manufacturing companies were believed to have:the

'greatest ab1]1ty to focus on solving spec1f1c real problems. The manu-

efactur1ng compan1es were followed in order of ab1]1ty by serv1ce R&D
companles, non- profit R&D institutions, government laboratories, and
universfties,t It is interesting to note that the government 1abora-
tories were ranked fourth in this comparison even though they were
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ranked f1rst on the qua11ty of app11ed research shown in Table 2b on
page 67. This infers that the gover nment laboratories were considered

“to produce;the~highest quality applied research, but-they did not‘seenl‘

" so effective in bringing their talents and resources to bear on solving’
specific real problems as are most institutions in the private ‘sector.

~ The sub-group consensus rankings were not markedly d1fferent

‘than the total group-consensus ranking. Only the sub-group from ser-
-vice R&D companies, lnternally, d1d not sfgnificantly agree on their
consensus rankings. The government 1aborator1es were ranked between'
third‘and'fourth by all sub-groups. Even the leaders from the un1vers1-

" ties ranked their institution last in regard to the ab111ty to focus on
and solve spec1f1c real prob]ems ‘

 S——— —————— —— s —

. DISSEMINATION OF RESEARCH AND TECHNOLOGY

- There are two types of resu]ts that occur when the Government
expends funds on research and techno]ogy The primary results appear
. at the end of the effort in terms of a required output, such-as a docu-~-
ment, a compuLer program, or hardware - The primary output often enters
 the public domain under most government contraéting procedures for
research'and technology. However, there is also a secondary resu]t in
the form of an increased capability and reta1ned body of know?edge that
remains within the organization that performed the work. This incre-.
ment 1n internal capability and captured knowledge can g1ve perform1ng
organlzat1ons a compet1t1ve advantage over other organizations. The
Government may indeed wish to bu11d up residual capabilities and}stores
of knowledge in aeronautical R&D organizations. However, the Govern-
ment may also wish to have this publically funded knowledge and capac-
ity openly accessible for purposes that will cerve a]l Amerlcan avia- 7 i
‘tion. The staff of the Senate Committee on Peronautics and Space ‘"fﬁ"' 3
Sciences expressed the fo]]ow1ng concern in: regard to aeronaut1ca1 '
research: :
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I We question whether scientists end engireers in private indus-
LB : ' try who are exploring new basic technology under contract to

- NASA are truly accessible to engineers in competing com- _
panies . . . . .Thus, we are.concerned that heavy reliance on
out-of-house contracting for basic aeronautical research will’

inhibit healthy compet1t10n in the 1ndustry S app]1cat1on of
that techno]ogy (53: 23)
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‘ Table 6 presents group consensus rank1ngs on the w1111ngness of
the various 1nst1tut1ons to provide outside organ1zat1ons with full
information on government-funded research and technplogy, even beyond
the information contained'in published'repOrts required by the Govern- -
ment. Development purposely: was not considered in this assessnent '
because ‘competition in even goverrment- “funded development programs is
considered desirable in the free enterprise economic system. Compet1-
- tion naturally leads to restrictions in d1sclosures between compet1tors.
However, the Government usually expends funds on aeronaut1ca1 research
and technology advancement spec1f1ca11y for the purpose of advanc1ng
the overall aviation 1ndustry ’ : ’ - :
_ * There was remarkably h1gh agreement among ‘the total group of 25
aeronaut1ca1 leaders in regard to the relative w11]1ngness of different
types of institutions to fully disclose the results of government-v
funded research and technology The total group-consensus rankings
indicate the following th1ngs ‘The un1vers1t1es were considered the
mnst willing to provide full information. They were fol1owed in
descending order of willingness by government ]aboratorles, non- proftt
'_R&D institutions, 'service R&D companies, and finally, manufactur1ng
companies (Table 6). It is 1nterest1ng that this was  the ‘exact
reverse of the total group -consensus rankings of the characteristic
ability of these institutions to focus on and solve specific real
problems (Table 5). The results in Tables 5 and 6 thus imply that the
greatest competitive inclinations tend to exist on the part of institu-
" tions whose internal capabilities are most directly oriented toward
solving problems associated with specific applications.

“The results shown in Table 6 are consistent~with earlier inves-

tigations. Vollmer found that research managers sampled in industry
indicated. that it would be cause for dismissal if a researcher gave
research ideas to outsiders without clearance from his own managément -
(57 61). However, research managers sampled in un1vers1t1es govern-
ment 1aborator1es, and non—profwt R&D -institutions 1nd1cated that

"giving research ideas to outsiders would not be ades,iate grounds for
‘dismissal in those institutions. The evidence obtained on publication
rates and. the 1nf1uence of pub11cat1ons on sa]arxes of engineers and

" scientists in these institutions all indicated that open publication
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. was more frequent and was~va1uéd to é greater extent in universities,

government laboratories, and non-prof1t 1nst1tut1ons, than they were 1n

. manufactur1ng companies.

' ) It is 1nterest1ng to note in Tab]e 6 that even the 1eaders from
the manufactur1ng companies ranked the1r own 1nst1tut1on last. The

. leaders from the service R&D companies ranked their own 1nst1tut1on‘
next to last.. There was strong internal agreement in these sub-grrips
on these rank{ngs. The sub-group consensus rankings were also close to

- the total group-consensus rankings by all barticipahts. '

Table 6

N1111ngness to Disseminate Research and Technology
Group Lonsensus Rankings

Resgcnses to: "Rank the following types of organization {n order of thefr .
willingness to provide outside orgarizations with FULL INFORMATION on governmeént
funded RESEARCH and TECHNOLOGY, even beyond the “fnformation contained in published

4 reports required by the goverament. . . . write one number in each box, from 1
{most "'u“"B) to 5. (least "“UHB) for each segment of the aeronautlcal o
community." .
~— . 1 -  KENDALL
" RANKINGS _OF+. | MAN ]SERV [NON- . |uNIvsSiGov CONCORDANCE
BY+ Co0s |CosS PRQFS LABS COEFFICIENT (W)
MAN COS 6yl s | 4 3 1 2 0.80.
SERV CO0S )y | s | 4 3 1 |1 . 0.58
NON-PROFS (5) 5 4 2 1 2 0.90
UNIVS (5) S 4 3. 1 -2 . 0.89
GOV LABS (5) 5 4 |3 1 1 0.95
1 ALL 25 s | o4 3 1 | 2 0.79 '
PARTICIPANTS : - - | f p

Over 95\ probability in all cases that ranking by each group reflected a meaningful
group discripination of differences in ranks, rather than chance variations.

EXPERIMENTAL FACILITIES.

' Figure 3. ‘indicates that the aeronautical leaders from all R&D
institutions quite strongly believed that maJor aeronautical experi-
" mental facilities built by the Federal Government should:be managed by
.organ1zat1ons that would prov1de usage and/or results to the ent1re
'aeronautlcal commun1ty

B
(ﬁdGY\AJ‘ éig%TY
OF POOR =55




- T - T AN
1
78 i
Opinion on statement: “Major seronautical experimental facilities built by the - - . R ' ;
‘governrent should be unased by org-nluuonl that vill provide usage and/or -
nsuln to the entire aeronautical community.'
MAN COS  (5) Vo - Lo ;
. .. SERVCOS (5) . N . ]
. NON-PROFS () = - S 1 m
... . UNIVS s) - . o | I gL
' GOV LABS (5) . { ' | 1]
0 B : LI L S N N N AL
| : -4 -3 -2 -1 0 1 2 3 4
strongly _ neutral : strongly
disagree o - . agree
Figure 3: Usage of Major_Experimenta1 Facilities_and RéSuitSf._ ‘ { . o3
Figure 4 shows the aeronaut1cal Teaders from all R&D 1nst1tu-
tions were substant1a11y of the op1n1on that resident research groups e
" should be located at major experimental fac111t1es, 1f”these facilities

can. be useful for-basic or applied research.

‘Opinion on statement: “There should be resident research groups located at majot - L o Ll
seTonAutical experimental facilities buslt by the Federal Government 1f these . - C T
fecilitiey coz De usefl.l for basic or applied research.” ’ .

L SERV COS  (5) NE N
| NON-PROFS  (5) | R I T
UNIVSE - (5) b TR
~GOV LABS  (5) o N | | |
T T T T T | —

4 -3 -2 -1 -0 1 2 3 ‘&

. strongly ' neutral’ - strongly
° S disagree C g - agree
. S ' ‘Figure 4: Location of Research Groups at

Major Exper1menta1 ‘Facilities
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Figure 5 1nd1cates the aeronaut1ca1 1eaders views on whether
government or private institutions can most effectively. manage and con- -
trol major experimental facilities for aeronautical R&D The sub- =

' groups from the manufacturing companies and service R&D companies wefe
CoE ? 1 ;;g:~, almost évenly divided on this issue. ~The leaders frcm non-profit R&D
DR B - institutions believed that institutions in the private sector could

. o " most effectively manage and control these facilities. The leaders from:
government: laboratories and universities both believed the Government

' f§>. . o _ could most effectlvely manage and control major government-buxlt

experxmenta1 facilities.

Opinfion on statement: _"Organiza:ions in- the private aec:oi can more effectively _ o
manage and control major government-buflt facilities than can the governmeat." .§ -

. Government-Built Experimental Facilities

Vtab]e displays the types of organ1zat1ons that would receive a

S - o oRIGINAL
i ... orPOOR

e MAN COS  (5) [ T [ RE B |

: serv cos  (5) M B B - it
Pl o NON-PROFS (5) L R TR
O O 1} 'S () RN AN | R DR b '
Sl evwes 1 W |

B S T T T T T T T TTTT
;‘i o B S BN SRS B O 12 3 4

i 0 | 'strohgly- oo o ,:neut;al ' | " strongly
disagree o ’ - agree

Figure 5: Most Effective'lnstitutiona1 Control of Major -

Table 7 presents the aeronautical leaders' final judgments on =
~ the organizations that actually should have custody and‘ménagerial con-
trol of major aeronautical experimental facilities built by the Federal -
' Govefnment The jnstitutional affi1iation'of eéch group of juddes is

shown in the f1rst co]umn at the left of the table. The top row. of ‘the

percent-

_age of the total capi*al value of the major exper1menta1 facitities
built by the Federal Government. The flgures in the columns under each
type of 1nst1tut1on show the average percentages of the total cap1ta1

pAGDIS
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iz : value of all such facilities that were awarded to that organization by ;
;éf ‘each of the sub- -groups shown in the column on the far left of the tabler =~ f
«;- The -values in each row should total 100 percent except for small round ?‘
» 5. off’ errors. The d1str1butlon of average percentages among the various !
-;5: 1nst1tut1ons along each row, is termed the group percentage digtribu-
. _:;;, 7 o ‘tion of exper1menta1 fac111t1es. The-column of numbers on the far o IR
- 3;§ ' - r1ght of Table 7 gives the probab111ty that the group percentage dis-- - - Cd %
'; tr1but1on in each row m1ght have occurred by chance ' - E
L O Table v
- = T Distribution of MaJor Exper1menta1 Fac1‘1t1es
o : Group Consensus Percentage Dlstr1but1on

E S o (percentage of total cap1+a1 value of all
o : _— - major, government-built, aeronautical,
I S - experimental facilities--
T . . over $1,000,000 each)

Resgonses to: “Roughly lhd(cate the percentage of the-capital value of all major
aeronautical experimental fac{lities built by the government that you think should
be located at and under the managerial control of the following types oi

o <organizations."
R e ' v Bl GOV ﬂ' ‘PROBABILITY
e ' DISTRIBUTION FOR | MAN [SERV |NON- luxrvs|ov [TEST || oF cHance | -
BY+ cos {cos |PROFs| - |1ABS JORG | F [PROB. (P)|
S eawces sy | ssl e s| 38| 8474 338 o.s0f peo.rs !
v fseveos o s) | o f20 |6 |9 J26 3o || 2090 3 3 :
| NON-PROFS ~ (4) |12 |15 |12 | 9o |287| 24 |"1.63] 20 % R
v, |uNmvs ) | 7 | s |12 |10 |38 |28 [ 8.38]P<o.1% g
0 GoviLaBs () | 3 | 2 {10 |7 {s7 |21 7.05| po.2% | -,
i S | sa|10s] 8| 8] 40| 208 25.57) poias]
=0 |RESPONSES ~ (24) ’ ’ ’ i A e e R D

There was s1gn1f1cant agreement among a11 part1c1pants on the
tota] group percentage d1str1but10n shown on the bottom row-of Table 7.
The total group dec1s1on favored placing the largest share of the

IR | experxmental fac111t1es under the Government (69%). This could be a
DR R S : IR ‘ 5 L PAGE
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_ reflect10n of aeronaut1ca1 1eaders concern over genera] accessabw]wty
- - by their organlzatlcns to the facilities and the results from these
' 1.fac111t1es The aeronautical teaders d1str1buted more of the major -
571_exper1menta1 fac111t1es te goverrment 1aborator1e° (40%) than to :
‘government test centers (29%) ‘This result reflected their 1nterest in

hav1ng resident résearch groups at these - fac1]1t1es _
- There was significant internal agreement in all the sub- groups;“

on the percentage d1str1but1on ‘of experimental fac111t|es, except. for

the sub- -group from- the non-prof1t R&D institutions.’ Non< prof1t R&D.

N institutions was the only sub-group that also believed that the prwvate’
'?~sector could more effectively manage and control major exper1mental
-'3'.fac111t1es built by the Government (Figure 5). The various. sub-groups
1 . d1ffered by factors of two or more in regard to some of the percentages

of experlmenta1 facilities allocated to certain institutions. The -

’ d1fferences are ea51]y reconciled by taking self-oriented biases ‘into

account and neg]ectxng the stat1st1ca11y non-significant results. \In

ifact, the group consensus distribution for the total group apparent]y
: balanced out most of the b1ases

e‘TECHNICAL GUIDANCE ON CONTRACTS |

The pol1cy of the 0ff1ce of Management and Budget (OMB) has
been to contract a. ~ch government work- as poss1b1e to the private.

-+ Sector rather ‘than having it.done by . the Government itself (54).
Assume for a moment that all aeronaut1ca] R&D was contracted to the

private sector without regard to any other factor. First of all, the '
Government would still have to select and plan paths to advance aero-
naut1cal R&D Tt would still have to determine +.e best technical pro-

- _grams to pursue,. These dec1s1ons 1nvo]ve reso]v1ng techn1ca1 issues.
~,regard1ng both what is needed and what is feasible. The Government
" would still have to select the best technical projects fiom aniong ‘many

proposals. It would have to continue to seek. contractors, eva]uate the ‘

- technical merits of competwtlve proposals, select the best: proposals

and mast . competent contractors for the wcrk, provide the fontractors
vith techn1ca1 guwdance toward the desired goals, 1nsure that the.
technical progress of the work runained on track prov1de add1t10na1
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is the systemacic adaptetlon and use

g 'advancemenf- T

uadvancement of the mechanisms for product development and production.

_ basic componentry, tools, and experience needed to be able to develop
and produce products. This process sometimes requires major large-
,‘scale hardware integratlon steps, including building and testing
' “bread boards of components. “technology demonstration" hardware, and
vso-called proof-of-concept" hardware. . Technology advancement can be .
;properly and ‘successfully Justified on the basis of being necessary
;preparatory steps to achieve needed. or improved product developments
r manufacturing methods. T : S
'_ : Development (D) is “the s*udy. deslgn. engxneering. testing,
: toolmg, and construction that are necessary prior to, and for the
~purpose of, obtaining an end product to be manufactured. It includes
“the development of end-item components and subsystems. The development
AN process results in one or more prototype test articles from which
T evolves the item to be manufactured.

'Tilhis includes expansion of basic. engineering data, methods, techniques,

“f
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APPENDIX C-l
QUESTIONNAIRE

School of Business and Management
- Pepperdine Unjversity

-Aeronautics. Adv;sory Project
_.770 Welch Road

Suite 154
Palo Alto, California 94304

- AERONAUTICS ADVISORY SURV[:Y
: FEDERALLY suppomzo AERONAUTICAL R, T and D

INTRODUCTION ETERI

- . In this questionnaire we' request some fairly general "xdgments,
». .+ % "advice and opinions regarding the conduct of federally supp. ted
.~ .. . aeronautical R, T and D by the varjous segments of the aeronautical
Ll pemeRecommmity. For the purpose of this questionnaire, Federal °
i support of the private sector will mean all government expenditures,
| direct and indirect, associated with contracts and grants to the private.
o -~ sector for original R, T and D. These funds may come from any Federal
~.~. -source, including governmernit laboratories. On the other hand, Federal
" support of and related expenditures by govarnment laboratories will
P refer to all governuent funds, direct and indirect, for ORIGINAL
.. IN-HOUSE R, T and D conducted by government engineers and scientists
-~ from these laboratories. This includes all Federal funds expended for
e L'.salaries,'oVerhead, facility constructions, instrumentation and all
- support service contracts associated with government laboratory
personnel conducting in-house work.

a GENERAL msmumxons I S S

The questions ‘hat follow will require conszderable thought based
‘on your general background and experience. At times, you may feel that
.your background is insufficient to give firm answers. Nevertheless, we
would appreciate it if you would fully answer all of the questions as:
“best you can. We expect to gain considerable insight from the sum total
=+ of all the responses because the cumulative experience of all the
- participants will be quite brosd. The relative degree. of uncertainty

- the participants may have in regard to any questions will be properly
. reflected by the scatter of the data, that is the variation in the
.- answers received from all participants as a group. Therefore, it is

- important that you completel;” answer all questions. '

. Some questions “ask you to make a single selection from among a

" group of answers, where more than one may seem to apply. Please select
the .answer that seems most applicable, but never give more than the
number of answers requested.
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7. TECHNICAL stcxpum-: (Check below

i.e. check one box)

:Systems technology

O vehicle design, stud1es

and analyses

. S O Effectiveness and safety
= 3 Support Systems

) .0 Flight Testing
o o Atmospheric sciences
. ’ Aero acoustics’

. [0 Atmospheric environment

() Fluid and gas dynamxcs
O Thermophysics '
{J Plasmadynamics
Propulsion
Air breathing prop
systems

only one prime topic. area,

Propulsxon. continued .
O Rockct propulsion systems
O Fuels and propellants -~
] Combustion

Mechanics and Control :
O Flight mechanics ‘and’ Control
0O Guidance and control
O Avionics )

Structures and Materials
O Structures )
O Structural dynamics
O Materials
{3 other

‘e

(write in)

DEF INITIONS OF CATEGORIES OF R, T and D WORK

Read over all the following definitions of categories of

aeronautical -RED  work.

These definitions will be used throughout

the questionnaire; therefore, it is very important for you to be

completely familiar with them.

You will also need them to answet .
the next quest1ons about yourself.

BASIC RESEARCH (R) - is the SCIENTIFIC pursuit of fundamental
KNOWLEDGE in a general technical area, independent of known ‘applica-

‘Y S tions,
: observations (data),

The results consist of new theories, basic experimental
«wl understanding of physical nature.

The

knowledge gained is expected to be of such interest or value within- the .
technical area, that the work can be properly and successfully justi- =~
fied without being tied to spec1f1c known ‘applications. /

,; ; o APPLIED RESEARCH (R) - is also the SCIENTIFIC pursult of fundamental

KNOWLEDGE, but it is aimed toward restricted types of applications or a.

particular application.
- standing.

" applications.

The results consist of theories, systematic.
experimental data (which may be quite extensive and detailed) and under-
Applied research solves the basic problems and opens the way
_ for the téchnological advancements needed to achieve the desired .
Applied research is properly and successfully Just1f1ed

primarily by expected advances relative to such appllcatlons

" TECHNOLOGY ADVAhCEMENTAjT) - is the systematxc adaptatlon and use
of knowledge to achieve the capability of practical industrial app11ca-
tions, the expansion of the ENGINEERING and INDUSTRIAL ARTS, and
advancement of the MECHANISMS for product development and production.:
This includes expansion of basic engxneerxng data, methods, technlques,
basic componentry, tools and experience needed to be able to develop

and produce products.

This process sometimes requires major large-scale

hardware integration steps, including building and. testing "bread boards"l

of components,
“proof-of-concept' hardware.

"technology demonstration' hardware and so- called
Technology advancement can be properly

and successfully justified on the basxs .of being necessary preparatory

pAGE 18
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" steps to achieve needed or 1mproved product developments or
manufacturing methods.

EMRPIC IR T )

DEVELOPMENT (D) - the study, design, engineering, testing,
tooling, and construction that are necessary prior to, and for the
purpose of, obtaining an end product to be manufactured. It includes
-the development of end-item components and’ subsystems. The devélopment
process results in one or more prototype test altlcles from Wthh
evolves the item to.be manufactured. )

FBITAE s bia 2w he S Uerl o eSuris e

YOUR CATEGORY OF WORK

7

| . 8. Refer to the pr°ced1ng definitions of R, T and D. Check the
R kind of aeronautical work below that you are pr1marllx associated with
in your current position (check one).

e Tt B i

(] Basic Research - (O Development
] Applied Research . v {3 Other j
[j Technology Advancement (Wr1te in)

P, segny prra e et es y

9.. Refer again to the preceding list. of defln1tlons of R, T and ;
-D. Check the type of work below that is the primary- bu51ness of your
company, dxv1sxon or organization (check one) '

B i e et ST

O Basic Research -  Development
_ _ 3 Applied Research . ] {3 Other .
. R . (3 Technology Advancement o -~ (Write in)

PPN

DEFINITIONS
OF
SEGMENTS OF THE AERONAUTICAL R&D CONMUNITY

, Read over all of the'following definitions of organizations

: " involved in aeronautical R, T and D. These definitions of the various
R ~ segments of the aeronautical R and D community are used throughout the
i, : questionnaire. It is important to be familiar with all of the defini-
4 . _ tions. Questions about them will follow.

conalty S e

MANUFACTURING'COMPANIES (MAN COS) - commercial concerns that

4o : ' primarily manufacture products as their major source of gross income
H i . and profxts

et R s R

H ; ) SERVICE RE&D COMPANIES (SERV C0S) - commercial concerns’

. . : that principally provide original R, T or D and other non-manufacturing
services for other companies, government agencies or the public to '
- o ‘ obtain its primary source of gross income and profits. Service may

P : extend from research to product development, such as may be performed
'E o - . by research associations, consulting firms and small R§D companies.

FYON

NON-PROFIT RED INSTITUTIONS (NON-PROFS) - institutes and
institutions that primarily perform R, T and D services for companies,
the government or the public--without opportunity for profit,
dividends or capital gains by owners. This segment includes separate
institutes affiliated with universities and non-prorit subs
of profit companies. ’

idiaries
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UNIVERSITIES (UNIV3) - colleges, technical institutes, technical
schools or universities where education is recognized as the central
function of the organization; and within which other professional activi-
ties in R T and D exlst to .a greater or lesser extent than educatxon.

GOVERNMENT LABORATORIES (GOV LABS) - all in-house government .
laboratories where original aeronautical R, T or D is performed. Such - s
laboratories may.also contract with organizations in the private sector = = °

- for R, T and D to a greater or lesser extent than the in-house work.

" For the purpose of "this survey, work by governmenti-laboratories refers
strictly to in-house work and direct expendxtures by government i
laboratories related to in-house work

GOVERNMENT K§D FUNDING ORGANIZATIONS (GOV_FUND ORGS) -
government organizations that distribute technical work among other
:  groups, monitor the work and provide funding for contract or in-house
el el " government R, T or D done by other organizations. Government RED
e funding organizations do little or no in-house R, T or D of their own.
~'in comparison to their funding activities. Byt, they may be involved
in considerable technical monitoring, study, direction, and.guidance
activities. :

~YOUR AFFILIATION

10. Referrlng to the previous 11st of or:anizational definitions,
check the type of organization below that bust describes the principal
nature of your company, division, institution or government organization.

{J Manufacturing Company : O Government Lab

{J Service R§D Company - . [J Government R§D Fund Org : PR :

O Non-profit R&D Company : [ other e
. S : (erte in) :

IV. JUDGMENTS, OPINIONS AND ADVICE
11.  QUALITY OF WORK

In the following matrix, rank the various segments of the
aeronautical R&D community .in order of the relative overall
QUALITY of aeronautical R, T and D work performed. Proceed down
each column in the matrix and enter one number in each box. Rank
- the organizational segments from 1 (highest quality) to 5 (lowest - .
quality) for the type of work indicated at the head of the column. ’ ‘
See definitions given on pages 3-5. . B
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QUALITY OF WORK

F e o R T R B AR

Basic Applied Technology . . R :

Research | Research | Advancement | Development Sample
MAN COS | - . S
SERV COS ) . " ’ 4
NON-PROFS | : - ' ) 3
UNIVS N : . ' 3
GOV LABS . o 2 ’
12. Similarly rank the relative QUALITY of in-house aeronautical

work characteristic of just NASA/NACA. Use a scale from 1 (highest
quality) to 5° (lowest quality) relative to the segments of the
aeronautical R&D . community shown in the previous matrix. NASA/
NACA laboratories fall within the general category of government °
laboratories. Nevertheless, NASA/NACA may rank equal to, higher or
lower than the overall government laboratory segment

’

- QUALITY OF WORK BY NASA/NACA -

[ Basic Applied Technology
Research | Research Advancement Development
NASA
2 = - IR P - /
'NACA (to - | : R B
1958} i ‘ '

13. . USEFULNE>S OF RESULTS i
In the following matrix, rank the various segments of the
aeronautical R&D . community in order of the relative overall’
USEFULNESS of the RESULTS they produced. Proceed dewn each column
in the matrix and enter one number in each box. Rark the results
~ produced by each organization in order of USEFULNESS from 1 (greatest

~uscfulness) to 5 (least usefulness) for the txpe of work shown at the
head of each column,
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USEFULNESS OF RESULTS
Easic Applied | Technology .
Research | Research | Advancement ﬂevelopmen.t i Sampl
cos 2
SERV_COS 3.
INON-PROFS 1
UNIVS 4
UGOV LABS -5
14. . Similarly rank the relative overall USEFULNESS of the in-house
aeronautical work:characteristic of just NASA/NACA. - Again, use a
scale from 1 (greatest usefulness) to 5 (least usefulness) relative
to the segments of the aeronautical community shown in the previous
matrix. : '
USEFULNESS OF NASA/NACA RESULTS
‘I|Basic Applied Technology A
Reseaych | . Research | Advancement Development
NASA
NACA (to 1958]
15." ' PROBLEM CONSTRAINTS
All-other things being equal, Ability
rank each of the following types of to Focus
organization in order of their ability
to focus on achieving solutions to. MAN COS
specific real problems. Proceed down
the column and write one number in each
box, from 1 (most able) to 5 (least SERV €05
_able) for. each pre of organization. NON-PROFS §
UNIVS
‘ ‘GOV LABS ;
. ;
%
;
| i
I
T et e e e o » i i . 5
v e e :
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16.. DISSEMINATION OF RESEARCH AND TECHNOLOGY

Rank the following types
of organization in order of their
willingness .to provide outside
organizations with FULL INFORMA-
TION on government funded
RESEARCH and TECHNOLOGY, -even
beyond the information contained
in published reports required by
the government. Proceed down
the column and write one number
in each box, from 1 (most

- willing) to 5 (least willing)
for each segment of the aeronautical
community.

w_‘Wilhngness to provide )
-information’

MAN COS

SERV COS R

NON-PROFS

UNIVS T

GOV LABS

MAJOR EXPERIMENTAL FACILITIES

A major experimental fac111ty is defined here as a general
experimental fa“111ty costxng about a million dollars or more.- - Please .

indicate your opinion in regard to the following statements by circling
an appropriate number followlng ‘each statement. )

"MaJor aeronautical experimental fac111t1es built by the
government should be managed by organizations thatwill provide usage
and/or results to the entire aeronautical community."

4. -3 -2 -1 0 1 2 3 4

L ¥ ¥ LA Ll LS L T . T

strongly o ) strongly

disagree neutral ‘agree
18, “"Organizations in the private'sectof can more effectively manage
and control major government-built facilities than can the government."

4 -3 -2 - -1 0 1 2 - 3

+ ' + ] ) L] 1 l_ L

strongly . ) strongly

disagree ' neutral agree
19.  ™iere should be resident research groups located at major

aeronautical experimental facilities built by the Federal Government, if

these facilities can be useful for basic or applied research."
4 -3 -2 -1 0 1 < 3 4
x ‘ ¥ . ‘_ A Al A ¥ ]
strongly . : ) strongly
disagree neutral agree
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- CONTRACTS with other organizations for each of the indicated categor1es

~ Proceed down each column and enter one number in each box.

20. - Roughly indicate the percentage of the capital value of all
najor aeronautical experimental facilities built by the government

of the following types of organxzat1ons

Ty

- Manufactur1ng Cos: % -
Service RED Cos: %
Non-Profit : .
Institutions %
Universities: %
Government Labs: %
Government
Test Centers: %
Total:

21. TECHNICAL GUIDANCE OF CONTRACTS

In the following matrix,

100

that you think should be located at and under the manager1a1 control

rank the varicus segments of the

aeronautical RED community in order of how well you believe they
can provide the government with IMPARTIAL TECHNICAL GUIDANCE on

of work. Contract technical guidance includes: technical advocacy of
needed new contracts, technical evaluation of proposals, selection of
competent- contracts, technical guidance of contractors, checking.
technical work, helping solve technical problems and evaluating results.
Rank “each

. type of organization in order of ability to provide government with
impartial technical contract guidance by entering a number from
1 (most able) to 6 (least able) for each of the categories of work

shown at the head of the column.
terms that are unfamiliar.

IMPARTIAL TECHNICAL GUIDANCE ON CONTRACTS

See pages 3-5 for definitions of any -

Basic Apnlied

Technology
Advancement

Research . Re:search

MAN COS

- Dévelopment

SERV COS

NON-PROFS

UNIVS

GOV LABS

GOV FUND ORG

b T T T T

[P |
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22. . DISTRIBUTION OF WORK - S

This ‘question is intended to reflect your view on roughly
the extent to which different segments of the aeronautical R§D
community should participate in each category of federally funded
work in order. to best advance American aeronautics. Assume that there
is a set amount of federal funding available for éach category of work.’

187

Write the percentage of these funds that you feel should be expended by =~

each segment of the aeronautical RED community.-

The introduction {Page 1) defines the funding break-down

" relative to government laboratories and their contractors. TYou might - °
refer back to it if this is not clear now. It might also be a good idea

at this point to review the definitions of the work categories on
pages 3-4, ’

DISTRIBUTION OF WORK IN EACH AREA
. (Percent-%)

Basic ~Applied Technology ‘ L

Research Research Advgncement Development (Sample)
Mancos | e . e
seveos | | - ' : B
NON-PROFS . o : | 15 -
_iguvs L z L : | | , 40
GOV LABS e . . ' : 19
TOTAL 100% . 100% 100% 100% ©100%

gt
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23, - This question asks how‘NASA/NACA " from what you know of then,
appears to have apportioned in-house expendxture for the various
categorxes of aeronautical work.

Proceed down each of the first two columns in the matrix below.

- Indicate the percentage of NASA/NACA expenditures for in-house

aeronautical efforts that you.think probably related to cach catégory

of work. It might be worthwhile to again review the definitions of
work on Pages 3-4.

RELATIVEAEMPHASIS IN NASA/NACA CENTERS

Apparent " . Recommended
Distribution Expenditures Distribution
Of NASA's work

NACA (to 1958)] = NASA

B e abad
5 S R

Basic Research

Applied Research

Technology

Development

TOTAL 100% 100% ' '100%

\
a —

. Next, go to the third column in the precedxng matrix. . For each
category of work, write in the percent of NASA's in-house expenditures
for aeronautics that you think would probabtly result 1n the greatest
contribution to American aeronautlcs.
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8:00 - 8:25

8:25 - 8:45

8:50 - 9:50
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APPENDIX C-2
“AGENDA .

Thursday, 5 August 1976
' MORNING SESSIONS

- INTRODUCTORY SESSION

o Location: Regenqy'Room. Rickey's Hyatt House, see

enclosed map. (Coffee and rolls will be available.

"in the room starting at 7:30 a.m.)

Opening Commehts{ H.'HarQey Album , -5 minutes-
Do ' Chairman . -
Stewart Fliege = 5 minutes

Pepperdine University

. Lloyd Jones 20 m1nutes
.NASA Ames Research Center . ‘

NORKSHOP METHODOLOGY AND DEFINITIONS OF TERMS

Definitions of organizational segments
Definitions of work categor1es
Procedures.

Role of Observers

i

The morning session is devoted to establishing a
~consensus of views on the following questions:.
a. Which segments of the aeronautical R&D
~ community should conduct federally supported
work in (1) basic rescarch, (2) applied
research, (3) technology advancement and
A (4) deve]opment?
b. - What are the commonly recognlzed and agreed
upon reasons why such work should be
- conducted by particular segments ‘of the
aeronautical R&D cannun1ty7 :

HOMOGENEOUS GROUPS

'The.participants will be dfvided into five groups. Each

group will consist of representatives of a single segment
of the aeronautical R&D community. The groups will meet

in separate rooms as follows:

‘Manufacturing Companies Rm. A Universities Rm. D

Service R&D Companies - Rm. B Government Labs Rm. E.

Non-profit Institutiors Rm. C

| g
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- 9:55

10:20
- 10:35

11:05

11:35

noon

1:30

- 10:20

- 10:35

- 11:00

- ];OO«

- 1:50

Te AT
!x~'

R

11:30

noon .
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REVIEW AND EXPANSION OF'RATIONALE

The groups w111 go through a rotation process by which .
they will review and expand upon each other's logic.

- Room assxgnments

- Manufacturing Companies " Rm. B . Universities  Am. E

" Service R&D Companies Rm. €  &uvvernment Labs Rm. A
Non-profit Institutions- Rm. D a.
BREAK

.Room Assighments:
Manufacturing Companies - Rm;’C Universities  Rm. A
Service R&D Companies ~ Rm. D Government Labs Rm. B
Non-profit Institutions Rm. E '
Room Assignments: »
ﬁanufactur1ng Companies Rm;'D ~Universities - Rm. B
_Service R&D Companies - Rm. E Government Labs Rm. C -
Non-profit Inst1tut1ons_ Rm. A o :
Room ASSIgnments -

_Manufacturing Companies“ Rm. E Universities - Rm. C

~ Service R&D Companies . Rm. A . Government Labs ‘Rm. D
Non-profit Institutions Rm. B ' '

LUNCH . g
AFTERNOON SESSIONS
GENERAL SESSION, Regency Room

o Review of morning results '
o Explanation of objectives and methodology
: ~for afternoon

The afterncon session is aimed at establishing a con-

sensus of views, if possible, on the following questions:

a. What is the relative importance of the agreed-upon
reasons for various segments of the. aeronautical
R&D community conducting given categor1es of
government funded work? ‘

b. Roughly, what should be the percentage distribution
of federally supported work (federal funding). among -

the various segments of the aeronautical community
for each category of work?{
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12:00 - 3:20

"3:20 - 3:35
. 3:35 - 5:00
5:00 - 5:20

" Basic Research
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MIXED GROUPS

The participants will again be divided into five groups;

however, this time each group will consist of one repre- . ‘

sentative from each of the five segments of the . .
aeronautical R&D community. Each of these groups w111
meet in a separate room where the part1c1pants will’
concentrate on a particular category of work. However,
one group will be concerned specifically with in-house

- "work by NASA Laboratories.

Room assignments:

‘Development Rm. D

Rm. A
Applied Research "Rm. B NASA Rm. E
Technology Advancement Rm. C
BREAK | )

GENERAL SESSION, Regency Room -
® Reports on results of mixed gfoup sessions
® Registering individual views (written) .

FEDERAL_FUNDING FOR AERONAUTICS - GENERAL DISCUSSION

o Review disposition of federal funding
“(J. R. Chirichiello)

0 Concludlng remarks *
(H H. Album)
' ©
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| - APPENDIX C-3 ]
_ EXAMPLE OF FLIP CHART
do not : - S
) urite. | TECHNOLOGY ADVANCEMENT/UNIVS
' colum

B.
Co »V

D.

The trazmng of' ‘students for the later pmctice’ of

engineering i8 furthered by umverszty activity in.
- techmology advancement. '

Experience hag shown in some cases, that the Government
can obtain autstandzng technolagy advancement from '
untv ez's-z, t‘Les .

- The effort in unwez'ntws to achieve large jumps in
technology can serendzpztously atimulate the development

of fundamental fzelds in engineering science.

The presence in a unwez's'ty of fundamental scientists
contributes to the imnovative thinking process essential

" ‘to the achievement of large technology Jumps.
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RATIONALE o
- FOR ' Co . : , L o
CONDUCTING GOVERNMENT SUPPORTED AERONAUTICAL WORK ’ : - : e
[Rank o : } : ] i )
Order [WORK CATEGORY:  ~ TECHNOLOGY ADVANCEMENT : BY SEGMENT: UNIVS.
REASONS FOR_GOVERNMENT SUPPORT OF WORK_BY THIS SEGMENT . Man.Co.| Serv.Co.| Non-Prof.| Univ*'s Gov, Labs
The training of students for the later practice of engineer- ‘
A ing 18 furthered by university activity in technology = 0 o | +
advancement. : i :
Ezperieace has shoun in some cases, that the Government can
B. obtain cutstanding technology advancement from universities. 1 +

The effort in universities to achieve large jumps in tech- o %

C. nology can serendipitously etimulate the development of . . + 0 o

fundamental fields in engineering science. : S i . jul

~ The presence in a univergity of fundamental scientigts ‘9

D. contributes to the innovative thinking process essential t + >
the achievement o y_Jumpe, .

‘ %

+

[ ]
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+ Reason Entered by this group (at least 3 members)
@ ‘Reason deleted by this group (at least 4 members)
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APPENDIX C-5

 RANKING METHODS AND COMPUTATIONS

.INDIVIDUAL RANKINGS

T*e aeronautical leaders ranked many factors in the survey
- questionnaire and during the workshop. For instance, in the question-
Iinaire; the participants ranked various types of organizations on the

| ‘relative quality of R&D they tend to perform . Another important exam-

ple was at the conclusion of tie workshop when the part1c1pants ranked
the basic rationale for government use of particular sectors of the
'aeronaut1ca1 R&D community for conducting given categories of work, 1In
‘all cases, the number 1 was used to 1nd1cate the highest rank in terms
- of merit and a larger number indicated a lower degree of merit. The
numerical rank1ngs extended from 1-to 5 or 6. The part1c1pants were
-not to skip numbers or use tied numer1cal rank1ngs

The rank1ng procedures for the survey quest1onna1re were the
same as those for the workshop, with only two exceptions. The partici-
pants could use two additional types of rank1ngs during the workshop.
" After rank1ng five statements of rationale from 1 to 5, they could then
_'use blanks to indicate that rationale statements were valid, but of
less significance than the numerically ranked items. :They could also

.:" use a blackball (e) to indicate that statements of ‘rationale were :
o 1ncorrect or invalid. '

"~ There were occasuonal t1es om1ss1ons, and other errors .n the
rankings subm1t ted by the part1c1pants. Ties were 1neorrect1y awarded
for 0.8 percent of the total number of survey questionnaire ranks
returned by all participants and in less than 0.1 perceit of the total
individual ‘workshop ranks. Ranks were 1nappropr1ate]y left blank in
5.7 percent of the. total number of rankings returned with' the survey v
quest1onna1res The ties and omissions could have ref]ected the part1-
cipants' inability to differentiate among ruakings for certain var1-'
ables, a failure to understand ‘the 1nstruct1ons or simply a 1ack of
interest. Ties and omissions were corrected in cases where the

i
i
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i
i
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1ntended relat1ve ranklngs were obvious. The remainder of the errors
~ and omissions were taken into account in the scoring procedures. This

, procedure essent1a11y treated ties and omissions as if the part1c1pant§
~could not d1st1ngu1sh among the relative rankings of the assoc1ated

vartables.

 SCORING INDIVIDUAL RANKINGS

Ind1v1dua] rank1ngs were scored in a manner 1ntended to prov1de
complete and consistent sets of rankings for determ1n1ng the statisti-

" cal significance of the 1nd1v1dua1 rankings and to formu1ate group con--

sensus rankings. The scoring was done as follows: :
Step 1. Whenever it was possible, errors were corrected
o ‘to reflect the exact ranking order intended by
the participant. '
Step 2. Next, ties were g1ven scores equa] to the average
~ of the ranks they would have had if they had been ,
- ranked in order, beginning after the next lowest
_ .. discrete numerical rank. ‘
- Step 3. The scores of the other discrete numerxcal rank1ngs
‘ were then adjusted upward or downward as would have
' been necessary if the ties had been ranked.

Step 4. Blanks were then given the next greatest scores.
The bianks were scored as the average of the ranks
they would have had if they had been ranked. in
order beginning with the next highest rank possible

: after all the ties had been ranked in order. ‘
. Step 5. Blackballs () were scored last. They received 3

- the highest numerical score possible for a given
ranking by an individual. Blackballs were set
equal to the average of the numerical ranks they
would have had if they had been ranked in order up
to the greatest possible value for that rankxng

‘The three examples on the following page 111ustrate thxs
“scoring procedure

. ' . ‘-' IS -
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Exaﬁgle 1 L
T -  VARIABLES
SCORING STEPS A B € D _E:
Participant's ranking 2~ 65 4 '3
1. Corrections . 1.5 3 2 °5
' 2. . Scoring ties 1 45 3 2 45 -
Examéle 2:
. o VARIABLES ’
SCORING STEPS -~ A B C D E _F
Participant's ranking 2 3 3 ‘4 5 4
1. Corrections R 3 3.4 5 4
; 2. Scoring ties . ‘1. 2.5 2.5 4.5 5 4.5
# 7 3. Adjusting scores 1 25 2.5 45 6 4.5
N Example 3 (Workshop only): 3
SCORING STEPS A B € D E F G H I
: _ Participant's ranking 2 5 B Y _ o
BN " 1. Corrections 2 4 3 e 3 e
ol 2. Scoring ties 2 4 1 35 e 3.5 o
Lo - 3. Adjusting scores 2. 5 1 - 3.5 e - 3.5 o
o 4.  Scouring blanks 2 5.1 65235 e 65 35 o
i) 7. 5. Scoring blackballs 2 5 1 6.5 3.5 85 6.5 3.5 8.5

GROUP CONSENSUS 'RANKING .

A group consensus ranking is a measure of the op1n1on of a-

' group, as a whole, in regard to the correct rank1ng of items that are
ranked in order by the individual members of the group. The group .
consensus ranking is. the best estimate of group opinion when the rela-
tive rankings by members of a group are statistically significant
(71:100 to 102). In the current study, this is taken as a level of

" probability of 95 percent or higher that the differences in ranking: -

o among all the items were not ‘due to chance.




L e

" The group consensus rank1ng is operat1onally def1ned by the

"Afollow1ng measurements and procedures for calculatwng them

Step 1. The scores discussed in the previous section were
: truncated to reduce distortions caused by high
values assigned to blanks and blackballs. This
" often occurred when the number of judges was
sma]leh_théh the number of items beinc ranked.
 Blanks were limited to a maximum value of 6 and
" -blackballs were assigned a méxjmum value of 7.
Step 2. Then .a group's scores for any ohe item were'averaged.
o Th1s was done 1nd1v1dua11y for each item that was:
S be1ng ranked by the group. -
Step 3. - If four- fifths of a group awarded any item a’ b1ack-
" ball then that 1tem received a final group-consensus
: - rank of e (meanina invalid or 1ncorrect)
- Step 4. The other 1temsAbe1ng ranked were then awarded
E positive integer ranks in the same numerical order
as the average scores. This began with the
number 1 and cont1nued progre551ve]y toward h1gher
. ﬂumbers T _
_'Step 5. Equal t1ed'ranks were awarded in cases where the
' " averages. fe]l within a spec1f1c max imum interval of
each other. This 1nterval was taken as 0.25 based -
on a qua11tat1ve ccmpar1son of the data: . The lowest
'average score 1nvo]ved estab]1shed the base of this
_ interval. ' ‘ : S
Step 6. Ties were given the m1n1mum numer1ca] value they
L would have had if they had been ranked in order.
~Step 7.. The rema1n1ng rankings were then adgusted to the
~~ values they would have had if the ties had all been
ranked in order. This process skips the other
intermediéte ranks which would have been spanned by
the ties. o o
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~ The fol1owing example 111ustrates the process for ca]cu]atIng
group consensus rankings for the workshop results.
3
Examp1e for‘a'Sinq]e‘Judge - ITEMS j
| A B C D E F 6 H I
 Score 2 5 1 6.5 3.5 8.5 6.5 3.5.8.5
Truncating 2 5. 1 6 3.5 7 6 3.5 7
Example for a Groqp df'
. Jdudges - T ITEMS
- A B € D E F G H T
il 2 5 16 35 7 6 3.5 7 |
#2 7 6 2 5 23 7 7 4 1 :
#3 1 5 2 6 4 71 1 3 6 ',
#4 1 4 -2 .5 .3 6 7 6 6 ‘
#5 2.6 1 5 35 6 7135 7 :
Averaging 2.6 5.2 1.6 5.4 3.4 6.5 ¢ 4 5.4
‘Rankings 2 5 1 5 3 7 e 4 5
Adjusting for Ties 2 5 1 5 3 8 e 4 5 .
. J
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APPENDIX C-6
‘% EVALUATION AND ASSESSMENT FURMS
.'
.: RELATIVE EMPHASIS IN NASA/NACA CENTERS
" . . :
. Recommended
R Distribution
_of NASA's work
Basic Research
| " Applied Research
% Technoiogy' .
? Development
_TOTAL - 100%
; DISTRIBUTION OF WORK IN cACH AREA
T, R . N : ) ' (Percent %)
. Basic Applied | Technology | Product .
' Research|{ Research| Advaicement| Development (Sample)
.'SEA L o . Man.Co's 10
. : 1 Serv.Co's 25
.“ M N - -
B Non-Prof's 15
Univ's 40
Gov.Lab's 10
TOTAL 100% 100% © | 100% - | 100% - 100%
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- INDIVIDUAL . ASSESSMENTS
- DO NOT INDICATE YOUR NAME

Check below the type of organization that best describes the brincipal
nature of your company, division, institution or government organizatiion.

" (Check one)

D Manufactufing Company [: Govex;nment Lab

‘L] Service R § D Company R Government R § D Fund. Org. -

T~ Non-Profit R § D Inst. {1 other
n ’ ) (Write in)

B o P

et E

3
)

"
I4
-4
i.
.

_ - Check below the kind of aeronautical work that you are primarily concerned ;
about in your current position. ) #
: Basic Research _ [ Product Deve;lopm;ant
L) Applied Research ) [} other - ' .':
) . j {Write 1in) i
T-1 Technology Advancement i ;
- B 1S 5'
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. > PARTICIPANTS' REACTION T0 TRIBUTARY TECHNIQUE

RESPONSES JO: -“WERE COMMUNICATIONS IMPROVED BY THE
WORKSHOP METHODOLOGY RELATIVE TO THE METHODOLOGY OF

" PREVIOUS ADVISORY GROUPS YOU- HAVE PARTICIPATED IN, ON
HIGALY SUBJECTIVE TOPICS, WHERE ADVISORS HAD NATURALLY .
DIVERSE GROUP INTERESTST™

100

S0

PERCENT OF TOTAL

- PARTICIPANT RESPONSES

woo-
i

FIGURE 16: CRITlQUE DF TRlBUTARY TECRIGUE AS
o ('.OMUNI('ATIOHHECHM‘ISH Co

BESPONSES TO: "ARE YOU NOW INTERESTED IN USING THE
TRIBUTARY METHOD OR A noum:n FORM-OF IT FOR YOUR OWN
. ADVISORY GROUPS?" .

‘

20

RESPONSES

10

&

#: Za

o, PERHAPS; YES
NO OPPORTUNITY = UNCERTAIN

" FIGURE.17: FURTHER ljSE OF TRIBUTARY TECHNIQUE
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BRESPONSES TO: “DO YOU TMINK THAT BETT
HAVE BEEN OBTAINED WITH HORE TIME ALLOEE RESULTS voue

20

-
-
< 0
o w .
S
[ ¥4
—_C
. =a -
g5 B Lencruen:
« 10 TWO DAYS
INSTRUCTIONS

"o, ONLY SLIGHTLY IN. PLACES Yes

FIGURE 15: CRITIQUE OF TIME FACTOR

BESPONSES TO: “WHAT IS YOUR OPINION AT THIS POINT OF .
THE POTENTJAL VALUE OF TKE RESULYS OF THE WORKSHOP YOU
_MAVE JUST COMPLETED?"

PESSIMISTIC * 20 - OPTIMISTIC

PROBABLY - DO KOT MUCH OF 1T PROBABLY
.Low ok KNOW . PROBABLY . VALUABLE
MARG INAL ° . VALUABLE - .
. YALME s . .

-

FIGURE 19:  EXTENT OF OPTIMISH ON USAGE OF RESULTS;
"7~ END OF WORKSKOP .
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