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EXECUTTIVE SUMMARY

MANAGEMENT OF FEDERAL R&D
FOR NONFEDERAL APPLICATIONS

This document is the Executive Summary of an empirical investigation
of federal civilian R&D management practices conducted by SRI International
for the Experimental Technology Incentives Program (ETIP), National Bureau
of Standards.™ The summary and the final report are addressed to federal
civilian policymakers and R&D managers responsible for planning, develop-
ing, and implementing R&D programs whose results ave intended for commer-

cial production and application in the nonfederal sector,

ETIP was initiated in 1972 to conduct a2 series of background studies

and experiments te Eind ways by which the federsl g

overament could elfec-
tively alter the rate and diffusion of civilian technclogical change.
Previously, relatively little effort had been made to understand how fed-

erally funded civilian R&D can most effeccively be conducted in ovder to

improve the application of R&D results., Unlike defense and space R&D
agencies, applied civilian R&D agencies do wnot concrol the preductiaon or

purchase of the product vesulting from cheir R&D. Thus, the managemenc

of federal R&D intended for commercislizetion must address issues of com-

mercial acceptability as well as technical success,

ETIP engaged SRI International (then Stanford Research Institute) in

1975 to address these management issues. Specifically, the purpeses of

the present study are to: .
(1) Describe current policies and practices of federal agencies

regarding the management of federally funded R&D intended
for nonfederal application. , |

ETIP is now parc of cthe Center for Field

of Stoadards,

Methods of the National Bareau
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(2) Develop a set of empirically grounded reccmnendations for
policies and practices that would improve the commerciazli-
zation of federally funded R&D results.,

Thus, the study is not intended to address the appropriste scope, priori-
ties, or level of federal R&D. Rather, the guidelines ddeveloped here are
intended to assigt R&D managers--once these decisions have bean made--to
achieve the transfer of federal R&D to the marketplace, which is a neces-
sary step to achieving social benefits. The recommendations have been de-
veloped by analyzing the relationships between the management actions and
characteristics of a set of R&D projects and the desgree of commercial ap-

plication of their results,

OQur findings indicate that the most important recomnendaticas fer im-
proving the management of federal R&D fall into two major areas: (1) Mar-
k2t Planning and Analysis, and (2) HMarket Intelligence znd Communications
Techniéﬁes. The first emphasizes the impertance of orienting fodzral R&D
agencies to the marketplace and of deésigning projeccs zo meet producer and
user requirements rather than promoting a technology per sa.,  The secend

stresses the importance of communications and cocperaticn among the vari-

ers, potential users, and other governmental and nongcvernmencal bodies--

‘whose actions affect the transition-of R&D tec the marketnlace. SBoth sets

of activities embody a philosophy of market respensiveness that: curvent

t

federal practices make difficult to realize.

Metﬁodology

The sample of pfojects examined consists of 46_projects in various
programs of 11 federal agencies, These projects were randomlv selected
from two groups, one group consisting of projects that had been commer-
cialized and one of projects that had not; all projects in boch groups
vere technical successes. Based on a concepzual model of the delivery
system for federaily sponsored civilian technology, s set of facrovs is
hvpothesized te affect commercial application of federal R&D.  These fac-
tors ave organized into five functional aveas of vesponsibility ifov R&D

management, and are listed below in the approximate tompovai ovder in

whioh thoev are underoakon:




2
i
:
&
4
2
)
1
3
i
3
3
i
i
]
i
q
i

e v a s

o

UORNUPRT PPN TRRPRTI PR )

3
3
]
H

G A

-Details of the correlational analyses ave presencad {n Chapter ITI

e Project Planning and Project Initiation, such as establish-
ment of commercialization objectives, importance of external
influences, characteristics of products and markets, and
levels of technical advancement and overall commercial risk
for the R&D.

e Project Selectiod, such as market studies, feasibility anal-
yses, and project sclection methods.

s Project Deployment Planning, such as the sufficiency of in-
formation for commercialization decision, development of a
deployment strategy, analysis of barriers, and involvement
of manufacturers and users,

e Project Implementation and Administration, such as choice of
the R&D performer, contracting procedures, time and financial
resource sufficiency, and stability of agency goals and per-
sonnel,

o Project Review and Evaluation, such as project and contract
monitoring, evaluation during and after project completion,
‘and project termination, B
Data were obtained c¢n each factor included in these five areas and
on the extent of commercialization of project results. Commerciagiization
was measurad by the extent co which the R&D vresulis have been marketred in
products (from "markecring never planned'" through '"marketing has been
started and has proved to be profitable'") aznd bv whether R&D expenditures

have ‘been continued in the private seccor, Data wére coilected

o

by inter-
views with the agency program directeor, the agencwv onroject manager, the
project manager of the R&D performing vrganization, and other knowladge-

able individuals in nonagency organizations Such as potential manufacturers.

These data were then analvzed statistically for correlations of man-
agement actions taken and exogenous éactors influencing the projects with
the commercial outcomes of the projects. Several project characteristics
and early R&D management decisions listed later in this summary were also

investigated for their effect on making the associations stronger or weaker,

of the
final report. Guidelines for improving the commercialization of federal
civilian R&D management were then developed from the correlacional find-

ings concerning the factors in the five functional sreas above that actu-
ally predicted commmercialization in our sample of projects. These geide-
lines are applicable to agency program- and preojcct-level management, The

[
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analysis indicates that the factors hypothesized as determining the com-
mercial outcome of projects actually accounted for over 80% of the total
variation in these outcomes. This represents a high level of explanation
compared with studies having a similar structure in other fields of social

science,

The interpretation of correlations as guidelines for action requires
a causal interpretation of our:findings. This causal rationale in our
study is provided by the conceptual model--whereby management actions are’
assumed to affect commercial outcomes--that was used to formulate our hy-
potheses. This basis for our research questions, and the relatively strong
explanatory power of the factors thus identified, lead us to believe that
following the management guidelines is likely to improve the commercial
success of federal civilian R&D projects. Nonetheless, a number of limi-
tations to the methodology of this study should be recognized in assessing
and appi;ing our results. First, the project selection process was de-
signed to obrain a set of projects that were approximately halanced be-
tween marketing successes and failures, both overall and within a number
of federsl agencies, rather than being necessarily representative of the
universe of federal R&D projects intended for commercialization. Second,
the retrospective interview methodology meant chat faulty respondent re-
call generated "noise" in our data, which reduced the number of signifi-
cant factors (respondent perceptions) affecting project outcomes that we
could detect. Furthermore, though the model of the R&D process from which
we generated our research questions made causality intuitively plausible,
it ié not possible to rule out other factors as creating the associations
we observed between management actions and project outcomes. For example,
what results when an agency is held to a guideline b; Executive or Con-
gressional oversight might be very different froﬁ what occurs when the
agency personnel ave taking actions of theiv own choosing, (The nature
of the - studies needed to overcome these problems is discussed in the con-

cluding paragraphs of this summary.)
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""Guidelines Summary

Thirty-six explicit operational guidelines for federal agency R&D
“managehent are provided for the five identified R&D management functions

described above:

s Program Planning ahd Project Initiation

¢ Project Selection

e Project Development Planning

e Project Implementation and Administration

¢ Project Review and Evaluation.

To better enable the R&D manager and policymaker to see the ccherence
among such a large number of guidelines, they have been ovganized into
three thematic groupings:

o Market Planning and Analysis--understanding and analysis of
the market during the planning phases of R&D,

’

» HNarket ILntelligence and Communication Technigues--effe
communicacion among and information gathering from »

.
=

ctive
artict

<t i,

pants in the R&D delivery svscem.
e Selecrion and Management of R&D Performars--evecution of R&D

projects, particularly the choice of and relationships with

the R&D performer,
The guidelines in these three éroups are listed in Tables S-1, 5-Z, and
S-3, followed by a summary table in matrix form. {(Some R&D management
functions do not have a guideline in 2 given thematic group, e.g., there
is no Pfoject Implementation and Administratidn cuideline under Market
Planning and Analysis.) The summary table, Table S$-4, indicetes that
Market Planning and Analysis has the greatest array of activities rccom~
mended to be undertaken in Program ?1anning and Project Initiation. Mar-
ket Intelligence and Communications Techniques and Market Planning and
Analysis have nearly an equal number of guidelines in Froject Selection
and Project Deplovment Planrning. 1In terms of predictive importance fov
commercialization, on the other hand, our statistical findings indicate
that the market-orienced guidelines in the firstc three functional areas
of R&D management, especially the guidelines for Program Planning and
Project Initiation, account for most of the explanatory power of all 36
explicit guidelines. (Chapter IIL of the final veporc concains a move

complete discussion.) Thevefeore, planning and ecavly project decisions
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Table S-1°

COMMERCIALIZATION GUIDELINES FOR MARKET PLANNING AND ANALYSIS

Program Planning and Proiject Initiation

o Assess organizational structure and adequacy of resources devoted
to planning functions.
o Make commercialization an explicit agency program objective.
e Seek projects in response to perceived market opportunities.
o Seek projects serving stable, regulated markets that have nhigh
buyer awareness of the product.
® Select projects with the- following product characteristics: low
commercial, social, and environmental uncertainty; low cost and
high performance; large state-of-the-art advance; and meeting or
exceeding regulatory requirements.
e Avoid interference of federal policies (e.g., Congressional,
patent) with commercialization prespects
Project Selection
& Conduct agency market demand studics before contract awards.
o Obtain comparative feasibility studies.
@ Fund basic research and commercial-scale demonstration, especially
under cercain conditions (gee final report).
Project Deplovment Planning
e Produce sufficient information for private commercialization
decisions. ) :
o Develop a deployment strategy. ) -
e Analyze barriers to deplovment, such as regulations, coscs, de-
livery system, and federal incentives.
e Use sclected faederal incentives when justified.
Project Review and Tvaluation
9

Reassess commercial prospects during project life and terminante
if appropriate. )
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Table S=-2

COMMERCIALIZATION GUIDELINES FOR MARKET INTELLICENCE
AND COMMUNICATION TECHNIQUES

Program Planning and Project Initiation

® 1Involve manufacturers, other agencies, and buvers throughout
R&D process.

¢ Find a powerful product champion before starting a project.

e Seek support from the Assistant Secretary for Administration or
equivalent in the agency.

Project Selection

& Involve industry groups in project selection.
@ Use R&D performers and manufacturers for feasibility studies.

e Use quantitative techniques in proiect selection.

Project Deplovment Planning

@ Use R&D performers and manufacturers in deplovment planning.
3 [ - < =

® Obtain participation in deployment planning and execution through
agency consultation with trade associations. producers, and users;
industry advisory committees; and producer workshops.

e Assure effective relations among the agency. users, and manu-
facturers, and between R&D performers and buyers during deploymant.

Project Implemencation and Administration

e Seek advice from R&D performers and manufacturers on time and funds
necessary to compicte the project.

o HMaintain erffective working relationships with RSD performers
(and with vther agencies it relevanc).
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Table §-3

COMMERCIALIZATION GUIDELINES FOR SELECTION AND MANACEMENT
) OF R&D PERFORMERS

Program Planning and Project Initiation

Use flexible and adaptive procurement/contracting procedures,
except on long-duration projects (5 years or longer).

Project Implementation and Administraticn

Prefer federal in-house labs or federal contract research centers
as R&D performers (while obtaining market and production infor-

In selecting manufacturers as R&D performers, choose those with
facrive internal working rvalationships,

When cost sharing is required as parr of the funding of a project,
grant the performer technical latitude. When cost sharing is not
required, take u more active role in deployment and in contract

In selecting R&D performers, prefer organizations that are small,
that have project leaders with project-related expertise, aad
whose motivation is not primarily technical.

Keep nonsponsor agencies out of technical roles in project

Provide sufficient time and resources to complete projects.
Minimize changes in agency goals and in project personnel.

[N

Moniter projects closely during implementacion.

Evaluate results on project completion.

]
mation from industry sources).
)
demunstrated ef
o
monicoring..
e
e
management.
. @
°
Project Review and Evaluation
o
]
[ ]

Carerullv review projects cveceiving OMB attention.
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Table 5-4 -
COMMERCIALIZATION CUIDELINES FOR FEDERAL K&D MARACEMENT BY ACGENCIES
9 N . o
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. in relation to the intended market strongly affect the eventual commer-

“cial application of projects and consequently should receive particular

attention,

The study also included an investigation of seven conditions involv-
ing project characteristics and early R&D management decisiouns that were
selected by the Review Panel of this study as particularly important for
policy decisions. The conditions investigated were:

¢ Whether commercialization was an explicit program objective

(e.g., specified in writing).

¢ The perceived level of uncertainty in the overall commercial
risk of producing and marketing the resulting product.

o The perceived degree of advancement in the state of the art
of the technology that was represented by the project.

e Whether an in-house market study was conducted prior to con-
tract award (in-house meaning by the . agency rather than an
external contractor).

¢ The duration of the project in vears

o Whether the R&D performer was a manuiacturer 3s contrssted
with a purely researcnh-orientced
eral contract research lab, a u
search organization,

organization such as a fed-
iniversity, or a private re-

o Whether cost sharing was vequirued of the R&D performer.

The findings indicated that agency R&D managers should pav particular ac-
tention ta certain guidelines, depending on the conditions that describe
their projects (e.g., whether the R&D performer is a manufacturer, or
whether cost sharing is required of the performer). Onliy one guideline--on
flexibility of contracting procedures-;was reversed by a change in condi-
tion (namely, from short- to long-duration projects)._  All other yuidelines
varied only in relative importance with condition. Once agency R&D manag-
ers characterize their projects in terms of these seven conditicns, our
findings (summarized in Annex Table 1 of the Einal veport) will enable

them to furcher concentrate their attention on the most important manage-

ment practices ‘for cowmerclalization of each projecc.

Finally, we wished to assess how often federal R&D management actions
in our sample of projects were consistent with our guidelines, as the best

indication available to us of the prorile of federal R&D management

i)

Tt

2T
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performance. To carry out this assessment, we analyzed the relative fre-
quency with which the management actions in our sample of 46 projects were
consistent with ("followed") our guidelines. The results are displayed in
Table S-5, which divides the guidelines into three sets: those followed

in under 25% of the projects ("seldom followed"), in 25% to 75% of the
projects ("occasionally to frequently followed"), and in over 75% of the
projects ("usually followed"). -Because the sample is divided about equally

between marketed and nonmarketed projects, guidelines classified as ''seldom

. followed'" were observed in less than half of even the more successfully

commercialized projects, Average agency periormance in the 'sample in terms
of these guidelines could have been significantly improved, even in the
more successful projects., On the other hand, guidelines classified as

"usually followed" were observed in more than half of even the less suc-

iy
14
o]

cessfully comumercialized projeccs. Agency performance in the s

1))

@mp
terms of these guidelines was relatively good, but in those instances
where they were not followed, a strongly negative impact on commerciasii-

zation resulted. EHmphasis could thus have been placed on idencifying

those instances and correcting them.

Seven guidelires were found to be '"seidom followed" in our sampie;

o

four of these seven are in Market Planning and Analysis, constituting &
significant fracticn (27%) of the tcotal of 15 guidelines in this group.
The management activities hignhlighted by this group of guidelines appear
to warrant substantially greater attenticn by federal agencies., Nineteen
guidelines, more than half the total number of 36, were found tc be 'oc-
casionally to frequently followed"; this includes nearly three-quarters
of the guidelines in Market Intelligence and Commurication Techniques,
which are often quite important to commerciaiization. Lvidently, there
is considerable room for improvémenc in management performance on these
activities in our sample, Finally, 10 guidelines were found to be "usu-
ally followed'"; these fall principally into Selection and Management of
R&D Performers (5 guidelines) and Market Planning and Analvsis (4 puide-
lines)., ot following the guidelines in the former group--covacerniayg
performer selecticen, contrasctiong, monitoring, and evaluncien--and espe-

cially one guideline ir the latter group--concerning suificioncy of
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Management Function

Seldom Followed
{Fewer than 25% of projects)

Oeensivnally to Freguently Foliowed
(25% to 15% of projects)

Usually Followed
(more than 75% of prujects)

Harket Plianing and Analysis

Preyeam Planning and

« Scck projects in response to perceived rarket e Seck projects serving morkens that are stable, « Select projects with large scate-of-the-art
Project Ieitiation . opportunities. reguiated, and have high buyer awareness of the advancements in the resulting product.
o Stlect projects with low initial uacertaincy in product. « Make commercialization an explicit agency RSD
cormercial risk for the resulting product. o Sclect projects with the istloving product program objective.*
- characteristics:  low famitial uncertainty inm s Avoid interference or seck support of federal
soclal axd envivonmental effects; lower cost and palicies (e.g., congressional, parent) for com-
! higher perfvmaace than competing products; meet- mercialtzatlien.
ing or excecling regulatory requirements.
Praject Selection . e Conduct dguncy mavker demand studies before
fosuing BFPs or making conteact avards.
o Obtzia comparative feasibitity stwbics.
o Fumd basic reseorch and comsercialt-scale domon-
. stration, etpacially under cercain conditfons. .
Prajeet Deployment s Analyze barricrs to deployment, such as regula o Develop a deployment strateyy. » Produce sufficient information for private com-
Planntag ‘ tions, costs, delivery system, and federal marcialization decisions.”
fncentives. ~
. o Use sclected federal Lncentives when jusvifiocd.

Projert Review aad
Lualuatton

o Reassess cumaercial prospects during project life
and teradinate Lf appropriace.

e Intellipence and
Cunarunicntien Techaiques

Fromram
Project

Placning und
ITafviation

Seek support from the Assistant Sceratavy
Adninistration or equivalent in th

Foav
agenty.

T Projec:

o Tavolve canutfactureys,
throvyhuot RE&D process.

o Find a powerinl product chawpion before starting
@ opraject. ’

other agencices, und buayers

o Tovalve industry groups in grojece selection,
e Usa RED perdoemess aud punufacturers tor feasi-
Bilicy studi

« Use ncitatrive techaiques ia project selection.

o

Preject Deployrent
. Plaunfag

Obtain participation in deployment planning and
exccution through agency consuluaotion with trade
associations, producers, and ousers; iodustry
adviseory committees; and preducer workshops.

« Use K& perfammers aad monufacturevs in deploy-
ment pleuniog and assipn responsibilivy for
depl

e ASSUr.

e Lo the RAD performers.

eftective wortking relationships among the
ageacy, wsvrg, obnd manufacrurers, and beotween RED
periorners and poteacial buyers Jduring depleyment.

Iruject Implementscien
Adninistracion

and

e Sead wdvice [rom BSD perfomers and monufacturers
on Uine and fuonds necessiry o complete the proj-
cet, ani give sech advice considerable veighe.

» Mointain effective working relationships with RSD
performers (and with other agencies if televant).

~

Selevrinn and Mata ement o
k&l Perfinzers

Fropram Planaing and
jrct Inttiaty

Meintain pracurament und contracting procedures
that permit RAD periovmers to respond to changing
techaical and markee ietfarmatien uwbile kevping
the proj:tt on ¢uurse.

Project Inplementation and
adranttratien

s In selecting priacipal R&D performars, consiler
piving preference to federal in-house labgs or
faderal contract research centers as Kai) pertora-
ers (while ehtainiag market 2nd prodection fntor
wation from industey sources).

Project Fevlew and
wliten

o In selecting K& perfonsers, preler organicarions
that dee soail, thet have projoct leaders with
projoctereliated expectise, and whose wotivation
ig net primnrvily techoleat,

e Frovide suificlueat time aud resqurees to complete

projedt

“fuiwi,

Uyl

in a7y poals and La projece

s Reep nonsponsor agencies out of technical roles
in project management.

e In sclecting manuiacturers as RS
clhwvose thise with demonstrated e
working retationships.

performers,
e

5
fiestive internal

» Caretnlly reviey projects recuiving OM8 avten-
tien.

*
s Monitor projects clascly. .
o Evaluate results cn project completion.
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“information for a commercialization decision--appeared to exert a partic-

tylarly strong negative influence on commetcializacion. Overall; this as-
ﬁéssmenf indicates that, in our sample of projects, civilian ageédcies
‘with R&D programs destinedifor the. commercial sector have not been fol-
lowving R&D management pratticeé that, if followed, would lead te greater

commercialization results.

conclusions and Recommendations for R&D Managers

it is clear from this examination of past projects that there are a
number of R&D management practices that federal wivilian dgentiéé with
R&D programs intended for nonfederal application should follew to achicve
greater comierciglization of kheitr resultsy and that in many projects
these practices have not been followed., Projecting from our results,
&here'appea;sgto be ample reascn for R&D directdrs, meﬁagers,-and agency
héads &0 use these guidelines in undertaking an initial aﬁdit,uf R&D man-
ageméht practices to détermine how many the égeacy or provuam foll

and now frequentiv. The ividence of this study indicates that those prac-

~f1
w

tices not in conformity with the guidelines presentéd here can be .changed
to lmprove the prospects for private-sector assumption of furcher develop-

ment and ultimaté spplication of the R&D oucputs of thac agency. Ongding
assessment and feédback of manafement and outcome infermation to pelicy-
makers should then be uséd te provide the decision-relevant data base for

continued improvement :of federal R&D .programs.

The importahce of guidelines concerning Program Planning and Project
Initiation should be of particular toncern for agencies where R&D and
mercialization functions are separated. The results ¥f this study Indicate
that it is rarely possible for R&D programs and projects that are poorly
planned and launched towavrd commercizl application to be salvaged later,

Corngequently, the commercialization considerations préesented ia thése

guidelines must be introduced when first designing an R&D program, not

after Lts technical results are available fur application. When techrdg-
logical vesearch and commercial application responsibilicies are sepacatsd
ia a government agency, the vrgsnizativnal struccurd and resources davored

toe R&D plavning functious wust be Jesigned to achieve the incegratien
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called for in our guidelines and to continually mounitor the effectivencss
of that integration. This becomes a principal management responsibility

‘of the top administrative personnel. of the agency.

" Recommendatidns: for Future Research

It is clear from the earlier discussion of the limitations of this
study that further research is needed té firamly validate the guidelines
developed ‘in this study. The problem of respéndEHE'TecaJl and the objec-
tive determination of events ‘can only be dealt with by real-tine longitu-
dinal analysis of ongoing R&D projects. More importantly. for policy, hew-
ever, the establishment of csusality and the understanding of behavioral
and fnstitutionai problems of implementation can only Be addressad by un-
dertaking experimental trials.in federal R&D agencies of thie RD manage-
ment policy changes recommended in this gstudy, [Naturglistic observvation=--
whethé;—retfosﬁeCtive tike the present study or in real time--ig npot sde-
quate to provide the significanc further uandérstending likely fo result

aJ &

fvow a progrem of real-vime explicit policy svwpebvimentation in

RoL]

TEALY SEL-

tings, with careful asgessment and feedback ko R&D;pdlitymakers_



