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The project mnd herein weas pcrfot-d nd.r Contract #NIE-
c-m-n-om for the Rational Institute of uueuinn. anrt.nlnt
‘d lﬁlﬂ. Rducation sid Welfare. However, the opinions expressed

"‘hmwu‘hce the posi..on or policy cf the
ol olldmdmudmdﬂddn‘mmtofm
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Mdtnumudmmmﬁfm-mucyotmmmﬁth
wmm.m—mmm.mummunmqu
. bevilderiog and potentislly misleading collection of discornected frag-
‘mante. mnumhmtauuhfomtauhuﬁftunbwof
research and wisdom-based sources that coms out of various sectors
~ (much of it industrially based -- * though increasingly from other sectors
i ‘ouch as education, health, etc.), that are rooted in very different
. coucsptusl schesss sad which coms from the viewpoists of & variety of
. disciplines. Swsh theories that do exist tcnd to deal with very limited
imumuummmemumnmm
: w-w(mdm Muutthnmmmm
rmmuummummormumw
© 4m one situation (or context, ss we will dafine it) are relevent or

'Wu in others.

‘ mofthpmmfotmmﬁthmundyo!
R&D mmwbdumutmaumnmthu-o!mmm_

'ltudtd To u.t this need will r‘mﬂr‘:
\

r ﬂ .
. v

1. am understanding of the nature, structure snd fumctioning
of R&D oyu‘h- as they interact with their environmeats;
2. 4n light of the above, an understanding of the applicability
.+ . (or mon-spplicability) for R&D in sny one sector of the RED
° models, technology and experience to be found in other sectors;

-

3. as 1s iwplied in the ahove, an understanding of the basis for
 comparative aullyou otun Systuas across sectors.

"It 1s co the above tasks which this report is addreéssed, br:lnging to
bear an htcrdhd.pumy RED perspective of mesbers of the research
tu- at thn an for the Inuﬂlhd.plhm Study of Science and
mxoy at Iorcmum uuy.m:y (cz8ST).




.W**”‘“ m h _;M 'ﬂﬂ mm m. chboucm the mmx

mmmzuumunmmmoummum:m
and three issuss. A gecond volums (Radnor and Hofler 1977) will be
mnuqmmu.mmm.mmmumwu
& manaer ussful to meet policy needs snd illustrating the utility of the
"mm&u“&%’vpﬂmuwdmnqndmn
-‘mmwm.mum ‘

h‘mgmwmummummomu-mm.

' §/DAX problems faced by the Maticual Institute of Bducation, the funders

nlmmmchudwnqmmcoMWM This 1is
reflected 1n the largs numbsr of policy studies described in the sscond
~ of the previously mentioned volumes snd in two additional volumes
sxclusivaly devoted to educational R/DEI. - Thus, the third volume of
the series (Spivek and Radnor 1977) is directed to the educational

'_rllhlt co-nn:l.ev. pmuiuacmtumlymﬂmmup»u
'of the »/D6X system (Spivilk and Radnor 1977). The fourth

 yolume (Radngr, wfmmueu 1977) addresses a particular issue,
'.th- Mcﬁm and exchange of information in educationsl R/D4I.

_This present volums will include the foumngs

aupnu Out and Two will prmdc 8 basic understanding of the process
ol centml. snalysis for R/DSI.

Glnp:-:r One will discuss the nature and bases for a contextusl
-ulyuul mmch and then will desccibe and discuss oux com-
parative eonu:tul mly'h fumork

‘I-;o-uh Donl.q-utand Innovatica (R/DEI). As will be discussed
- umm.nm:hhtmtoducﬁbcthemulmot

t !
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. mmuu then expand the Md che major
 @spacts (vhich we will cell "!nm") of an R/DEI context.
elupnrl Three throm Seven Lm then ptovuc i1lustrative detailed
mlnh o! ch. contaexts of selected sectors, using the donlopcd

redical framework.

4

Chapter ‘!liru will focus on the odne;uon sector, and will
summarise the discussion presented in more comprehensive detail ia
the volume by Spivek and Radnor (1977) moted sbove.

Chapter Pour will focus om the” civilian aviation “sector.
Chapter Five will focus on the health sector.
J 2Chapter stx will focus on the criminal jmdcc sector.

Chapter Seven will provide a summariszed u}mmuon of a
crou-mtoul eoanhou of these four contextual analyses.

Chapters luht through Ten uu mumn how the contextual
mlytzulmrmh-thtomlm.miti.cwxim

Chapter Eight will focus on the mm..m..fg.... of R/D1
systems, wirh particulsr attention being giwen to how the R/DéI

" functions® are "clustered” together within and among the .
fostitutions of R/DSI systems.

Chaptar Nine will focm_ on the issus of entraspensurship as
this relates to the historical and current state of develop-
ment of R/DéI systems. :

{

°

lp-euic uautn; we attach to the ur- "RID&I fmcttm wn1
h‘.m-ua in Mut Oue. | A

4
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- a..’mm will focus on fseush valevast £0 implementation/ -

mmmnmmmmuuummmmummm
!npouqanynu Wmugnovﬂddmtqm
GIRST has provided for WIN and other agemcies. .
Mcnhlnmmumuuq:ntqdmmo!
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© Rarl C. Yomg and Baymond Buckley vere majer contributors to the

iaicisl phase of the resesrch progran and to the v

sarlier versions of werious matarials. Others (ho contriduted
nmmmmmmumm Ve wish-
nmmmnwmmmm )
m.nom mmum&mumm
mmanm 1977 volums thet reported on soms of
ulgmtbmmlurlm. Their contribution 1 otill to be
seen (28 will be neted) in several chapters of  volums. Simes
Mmmnbhumthuwﬂh;um » the
um:uhttummm.mtnm.. ally nhe .
M&ncpuumummuqmmmmu
nm—‘.ndhlmamumcnmhrm )
Uaiversity. h.ﬂtdnulu‘lc.fmﬂwm this
ammmm:nm.uumm.mm.m
Pipal, Arul Wed and Berbers Collinms. o .

We wish to acknovledge the invalusble mue-u\szom in the
Preparation of this report by ovr sdainistrative issistsee,

¥rs. Elissbeth N. Jlmsted, whos belp ensh.ed us t§ prepare this
ceport at this time. 4 ;

R R L T e
i
]

Ve also wish to acknowledge the invalusble asaistance of Ronald

Cotwia, Nendrik Gideounese, Milt Goldherg, Burkhardt Holsner
Robert Rich and Ward Masca vho were willing to read the report, partici-
pate ia s workshop discrision and offer very helpful critiques.
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chrlreﬁin aone way connon.acmoss Jifferann sectors o fields

‘educstton, aetoqpacc, etc.)
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“work: n‘tety boﬁ:_oﬁ palicy"uking and ; nagln?nt and of ttansfer of

“.”rc'lm technolouiu and cxnticnce acmu lectore. .

e a————“— AR
T,

o

!‘nucy uld.ng and luu;mt 1n R&D st seil the narrow straits. between D
Scylh and Chnybm with the danget of aon-relevant generauzaﬂiou on .o
thq one side and t!u dlngct of reinvention of weu-esubluhed principles
on the othe: side. At present, there does not extnt the analy :ical frame-~
vork for R&D which could map this narrow channel for, policy making/manage-
mnt uviga:or-. 3 i3 our hope to provide at least the basic outline of

-

L

mch a map.

Bafore beginni.ng to develop a frame'.ork for conparat:ive analyaia of R/D&IX
syltm, it is 1nportant to provide some initfal backgrouud concepcs and
- undcrcundiuy fton which we wiu be wotking.

-

Rdoaarcb, Dévalognt and Innwation -~ _R/D&I a8 a Total Process of -
Innovntton ) : ' : : 5

H

W ' - . . .

i‘m this point on,"- ve will ‘be using t:he tem "Rasearch, Ikvel.opunt and
Innovation (R/D&I)" !.iutead of the more cogmon term. "Rasearch and Develop- '
“ucm: (R&D) " Ont teuon is ainpie. The term "R&D" tends to mply a very

ERIC
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. W SRSt aho hive an unda.r-nndin; of the operative condittons that exist
; vtthin and. cffocc the R/D&I system (e.g.: the state of systu mturtty,
" the Personnel ‘base; funding levels and patterns; etc.). Finally, ve
must also take futo account the enviroument with vhich the H.ID&I systen
intoucta. , T o- ' '

Sﬁch a complete conceptualization of a total innovation (R/D&I) process
rocoznizcs the many variati..s of funovation processes -~ for example:
t.lu role of "creative insight" by an mu al apart from any research or
div.lopunt (e.g.: by an educ‘lttoul practtttomr), ‘or that-a specific
- funetion (c.g.. telurch) may in pract:icc exist in a rather isolated
fubi.on. However, concepmlization of a total R/D&I process will e:‘uble
ut to mhutc the overall role and ‘effects of such vari.otu typu of in-
mtibn activities. ‘ o -

.:' L , S S
7 mm-, we wi.ll‘ use the term "R/D&I". \
e R ) ‘ o \ N . . 1 .
. "‘-.‘l“ L . P e e . a "o | ’ v
-2  The Process for Developing a tative Anal !.cal Pramework

..

‘Ih.pro..n- ve have uud in developing the c ative mlytical frame-
be puunud hu:c hai been -an. :l.tcnz; e process. ’n\u. the relcnnt

undnuaud:l.ngl qu ga:lncd l'or.,uq. _9f p_z'uontation




n: is i-porcanc to note .t t!u ount that a "mlmtld" IID&I -mc-
mmu as an inmuu.n "muuc out” of mnortc IID&‘! ch-nctcrucm
vitluu a opoctﬂ.c netoul coun‘t v -lnthu by deliberate dul.n or not.

4 A N -

L]
Lel
v
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m tllo pnrpom of 'thh,,sendy :hc "nntznt“ utun of IID&I :yscm 0111
i lno- u to uh croas-sectoral compariscus of ltln&I systems. To the degree
system issuss and charactaristics have .ommon upocn ‘across
ucton, wve mpy Mty mri.c vaaracteristics of R/D&I syctm Contrarily,
£ :the deeres that R/D&I lyom {ssues and chluccetutics vary atross sectors,
n will have begun a ducrlpcion-ot v:ln uecqul um system cluracuristics.
'_‘lh -ly tutthcr not- tluc qu- "c.mu:" pcrapoecivc peuit.c both deductive
and inﬂncctvu mlylﬁ That is, we may start with tl?c generic undcunndtng
;o! the R/D&I conem (1.:., the features), and through {nteractive' aulysi.o ‘
© with the sectoral eqm:ut, identify "r«l-vorld" ‘issues, policies, chtegiu.
br'eommly. ve nay amlyu s “ml w:ld" i.uuc. policy or t:ratn?y (c.;..
iuplet of lp-ctﬂc pmgta- uhction) in tho ughc of sectoral and gen-

- . R B .. . ..t el
v .

il bc hqlpful at this poiut to mtroduco briefly some key terminology:, L
_‘lri'll bc nltng throughouc thh nport. w- will save fullcr upltctcion AP
8 ‘ T |
- A f1a1d of nterrelated activittes/fnstitutions (.,,,, N
' ':";‘Mstt!: serospace; law onforemnt, ulucaeiou) which 48 = . %

Mlc u n:ch for graccia M (c.g.. .‘.or tundins, poncy




b ke a4 Adan e 2 e i

b b e

ﬂ thtc upoec ct tlu tom W’t 'ptocus
the R/DSI system's eitvir : thc pamml bun. eh ‘aetwork o! ‘
metmtim, muzelv dcvolopmt " dissemination; uQIMtign; gcc.»)' :

C. Punction -- A specific. type of R/DST system .ecmey which cludubef

mz t)a sm clon to ptoduco and utilise tnwl-dp nd wlrlch aey

nrm fuucuom form a- nb-ut

AN e .

A i b gk i e




~

lh Mn uhcud niut:n "futntu to ton the m:u of an mlyc:l.cal
!ramk Different names could be given to these features; different
o !am could be emphasiied; lliﬂltly different modifications of thé
“ " nature of a festure could¥s madé; other features could be sdded. Indeed,
R ass:me that a different listing of features and/or issues will at times
" be useful as m insights are gained and/or as features not inci 'ded “ere
~ hm ti'liﬁennt tohvm. to a lp.c:l.ﬁ.c My-h or policy 1nue. The
}-w—mmm etm‘ the features should !‘cﬁ.it‘te such modifications
‘.,;" ummmmzdzueuumm

ations

Ia mﬂu ou: mlytmd. fruuork, we u;u use & 1inecar array o-
»clu ﬂn&! pcocm.‘ frhh ic dm sohlz tor cmo! pn«atation. A8

. d, omni zed i.n maucl ctr«u. conn-ctod with vat'loho '
‘ h lad mliul loops,. etc, Thus, our use of & linesr array of = °
m u u.nly ln arttfact qf pmdnnuon »--" and the reader ’

ERIC
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Iewul mhhlﬂulhcntourrythu dumsuuofeonﬁ;n
rations a licele m apociﬂ.cd.ly vith respact to R/D&I syscem
&mcl:ion.

A variety of configurations of R/DSI system functions is mot
oanly pouﬂvh -~ such nrugy actually exists in and indeed
= | uyh-ﬂuudbymmucutmotmnﬁrm-n'm
e ; opcut&vc'jmm conditions existing within a specific sactor.
Thus, in soms instances, we might £ind the variows functions
_ zather prod.uly up-ltd. In yet other muneu. ve -l.du:
£ind the md:o l/nsx process oecu:r:lag -uh:ln a m.u
'”zusm.um. or m withis & un.h persen.

By

-

‘Further, we -l:h: ﬂ.ul llm mtu- tmucﬂ.u vuh esch other. Thus,
a npaetfu m!.-wu orﬂnintm (a.;.. a Monl R&D laboueory, N
a book pnblhbu) may puy Toles. n ml uum sectors (0.8.:
‘mnu; mm. ste.), !
L ’ . . .
'nnu, vhi.lo u ut!.nu a umr aruy of llnu funceions for purposes
o a! prnma:m. unu t:me tin con!tmm of funcuou as aa

L

i3

Poa

tlu hnlth !tcu, | thc oduucm ﬂ.cld. ,
. ate. ). The mt«l quuuun nul be pouu is:

b omﬁuﬁm w. hek any mbaunem

f
? !
.
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Bests for knowing how or why to distingeish one sector from smother -- and

thare are very obviously major differences within what we call sectors.

‘- Yhus, there mey be r similarities between some of the regulated in-

 dustries and various government sgancies than between regulated industries

 and other industrisl firke. Service firms operate in quité diffsrent ways

. from memufacturing firms. Some bospitals are private for profit; others

; ‘are public. And s0 on. If we teke a purely empirical perspective and examine -

~ the R/DGI systems across the commouly differemtisted sectors (industry,
health, education, etc.) we quickly sncounter the problem of having to deal
vith meay unexplainable variances within sectors and scross supposedly similar
sectors. Ue also encounter similarities across : pposedly different sectors.

'As we attempt to uuravel thess anomalies we inevitably move toward the use

mmd!m complex typologies qf organisstions, sectors, products, persomnel,

T ete., specific recognition of historical dmlop-aul phases; muonem

| of diffevences in the .taec of kmhdgc and toebuolo.y ete.

 Indeed, precisely uuu. the definition of ‘s real-world "sector™ 1s an
lmm.chm, tthwnqummmmmmlw
ttiee involved. I!tutud in its fullest possible way, the mlycml freme-:
mxt we are presepting would merely take this process of mr-inenntq
*}Mﬂiﬁy to 1ts logical conclusion. MNeedlass to say, we are mot -dwem
"',‘ M an ufmthh uem- um.gy

£ w. m to be Ml,ﬂnl eo poluy makers, mn and other pml.eipun
. mc be able to relate oumlm to the affairs of such specific ucton.
M. our ou.ccm wul be to a:tqe to undonund, u velation to any




huMMt; ﬂhmbm(apc:'otnmur) M.a«th
jummuw " | |

" W do not, mmxo.mm.'mum-q'ummmmnuoz
2. - pevsounel will vary scross all systems, or st sll timse within a sector such
© as heslth, education, agriculture, iadustry, etc. Rather ve wish first to

 kmow what contextual conditions influsnce this flow, and then to determime
. ia what ways sectors (or parts of sectors) vary across these contextual
condicions.

et RN O

-

*

In this way it will be possible to explaia why similarities and differ-
‘ences in pérsomnel flow sppear across and within sectors. With this per-
ip'ocuni-mnlnmw;uﬂmo ourselves to the question of how
 and why diffevences do appear for s given srea over time. Inevitably this
- makes the process of comparative snslysis complen, but, we believe, for
' the-tisic tiam fosetbie

_ + .~ Ja_Existing R/DSI System Vsriations - e
)

o m accqcu. to develop nnomuu mlyttccl tu-ut for R/DAI systems,
L oms ie immedistely struck by the immense smovat of obssrvable variety fu

i ml-nru R/D4I systems. IExisting R/D&I systems vary in such matters as:
”eledmﬁMuoah.h orgeaisation (ocmavuu-a ‘
 single nmm; wnit); existence and ut:nu:h of institutionsl met-

. worke; overall level of system meturity; eusceptibility to ,oulmx |
"sufluense; types of disseminetion wechanisws and strategies; use and
i.ct!mtm u vericus mesagement :mm ste,

om-l nty across mun. m, for mlo. the R/D&I onu- in
ﬂj pace differs significantly from the R/DGI system in sducation. 73
he m’.«mmmmm R/D&L systems alunry
ta & atnh mm. ‘llno, !cr uu-plo. vuhh the mmo laduotrul

hbﬂﬂl.ﬂnl[ﬁt'm ‘ ‘mwmmgunpm




: toﬂlutnu Mhhdlo!mblundiuuo mtlﬂn!mmch .
' intra/iater-sectoral verisnces, let us look very hruﬂy at the nyt in
wvhich R/D&I hacttou are w (fin mlm or separately) in the
Tesl-worid mttmtm vhich are to be found im the various sectors --
i.e., comparing how a variety of functioms (research, development, dis-
semination, etec.) ars encompassed in single or multiple organisations or
organizational units, sad how this 'dtfhu across sectors. Given the
pressat concern within education with institution building, this would
seem to be an important issue for educatiomal R/DGI.

=~ ._We will briefly look at the organization of functioss in the following
thres sectors: .

1. Industry -- om!.ﬁénllr- the civilien avistion industry;
‘2. Heslth -- specifically the drug neld;m' L
4 /" 3 Rducation ~- specifically the curriculum and materials ares,

. In the civilisn svistion indutry the R/DGI system is orgsaised io s

! .. relativeiy linear, function-to-functica process from basic W
 production (KP) to l:aovlodn utilisation (KU). The R/D&I system is

-« vllstively highly differentiated snd each orgsnisationsl wnit or depart-
 ment is bmty specislized. The stages of the R/D&X system are well
lnulond and ‘clearly defined. l'b- functionsl clusters to be m

: sve chuo butlt eround adjecent un on the KP to KU continyum,

“ mm. ve oheounur “loops”, with functions from the knowledge production
. stages h!.u sssocisted with yroducuoa. implementation and utilisation
.Mltm. oll wuhtn uuh mtuctm. Most specifically, medical

-~

u the. lru. n-u we do mot find such linesr, tmtton-to-!mcion ormtueuu



mmmarmm u-hnuy'm" Thus, & specific
MmhMumm‘mdm Jor example,
nﬂManm&ﬂumm“uﬁ-

unnnmmmtmmhuﬁoyhhaummm.

W

h-ylmmmttummmnym-‘mnlnmmu
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mmmﬂu ﬁmmunhllut tmm.thmmuh
'mcu-ﬁlamma.a., maummm :

. m lsvel of mon&“ﬁr mwmmnuy. tavolves exteading the
© 1imits of the existing stats of the art (a G¢lterts for. “exgellence” 1a
!bnu rasearch); often involves & long time-line (10,20, oven 0 yoars).
These Mnmuttu. if- w gendric, have strong t-umi.on for
‘poliey uku. and managessat in R/D&I systems.

In contrast, the function of development inwolves a significantly lower
degres of uncertainty end umpredictability; s concerned with utility snd
“product specifications” instead of “ultimate” qualities; requires less
‘Mdll.y specialised cnd move interdisciplinery persomnel; and generslly
Mutmnmu umtmun-uu (eswally at lsast 3 to 3 years,
. somstimes longer). These characteristics, 1f indeed generic, will have
"“am isplicatipus for policy meking end msnagement 12 2/061 systems -
~ Wut the isplisations will be signatficautly different from the implicstions
# ulm to basic resedich.. Purtber, thess differences between the basic
' vesearch Snd development funbtions (and other fumctions as well) will have
strong policy msking/msnsgement implications concerning the integration/
.é:;;;;;-mu-lmh-emm of the various R/D&I oy-e- functions.

nm n- u \mk
Wuu) m mla n another (edusatisn)?




-In & recent re-
Kclly and Kran:bor; ¢

1'01: h:l.ma—h'nl. mu;:ativc
‘vhich can guide the empirical studies
results, both: c:phnmry*md nomeivi.
‘h m an ‘Mdhu aeed” £for an dterative, interactive
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mun :tc- m ml t”n-n :’hoo:y uuucm. ‘.. uqu.ﬂ.od by such

" mhors se Ludwig Von Bertaleantty (™, end Jemes 6. riler(®), .wichout

. .atthmpting to preseat aa ‘axposition. ot this perspective, we simply nots
Ml"ﬂ have sdopted the central elements of their framework for ducdbtu
elu émm and ﬁm?ctoniu of uuu systems. =

.

M n will nt:-pt ‘to mlyu I.In&I systems in terms of how thcy iaumcf '
; wult their mimu- their central elements or oub-mta-. - the- uehm
_ that.link them ﬁoaothcr, internal systes structures; input-output systems - -=
.as well as Iucﬁ other ‘system conditions as age and state of dmlop-nnl '
meturtey. | ,

RRE

]
. .

An hpomnnt quati.on 1: that of system dcfinitm: What is_to be con-' :
IM within the R/D&I mtlll(and wvithin Uhi.ch part of the oyﬂ:o) and
‘what is in the environment? The framework we m pteunting does not
cmiummbwﬁatymum What is cmmrodvuhm or external
: commuamtoroldc;rumdunupondm:h.£oeusnd
LT pm:pou of the analysis. Further, an R/D&I system may be "defined"
o -mn: broully or narrowly, d-pcnding upop the com:.xtual situatiom
aad ‘the meeds of ‘analysis. In the broadou: sense, a particular R/DSI
"me‘" uy (!ot pnct;ical putpous) comprise most of a sector. Im
the ‘naxrower’ sense, p single institution may encompass virtuslly all
W “ RIMI "lyﬂ:o-" CIa r.hc lct:u' mtm, ve may indeed

y

B ‘
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;muln mlyﬂ.v of IIN-I -ynem boin. mnnnd here is not meant .
to be limited to a r!.g!.d conecptuunttou sbout boundary notions,
nm or ucopi of .what is/1s not an .R/D&I system. u:lnr, the defi-

. mition of the relevant R/D&I systems (as is true of all other aspacts
'jﬂif‘,of the analytical framework) is based on creating am opportunity to
_ fxeme key questions related to the focus of the issus mlyus relevant

S e poncyldocutou makers and noutehor-.

4

at {4

v ey
[ P

mu we have jun: noted thac ve do not want to imply rigid boundary con-
~ ceptions of vhat is and 1s not “within® an R/D&T system, it is equally
important ot to make the boundaries of sn R/DSI system so broad snd/or
vague that .the R/D&X oy:u- includes "everything" (end thus becomes a
meaningless concept). Thus, it is important to distinguish between those

' aspects of & sector which deal in some way with a process of immovation

(and thus are a part of a total RID&I "system”) and those aspects of a
. sesctor which arc not involved in a process of innovation (and thus are

©opet mt of a total R/DSI “system"). These latter upecto of a sector
£ may be called the "opcnting sysl:otl" ltcm:holcu, we will need to be |
aware of ways in vhich the "oponcing" systea affects- (ot is aticctod by)

the ”IID&I“ systea.

In lisht of the prcvi.puo”dilcuuion of *6me definition, we should note

here that the extent of "overlap” between the R/D&I and operating systems

nay \'mry ouuuimtiy across sectors. "rlmo, for example, the effort to
IM s man on the moon -in the 1960': irivolved virtuaslly-all aspects of

.‘ | clu mtn 1n'thn ‘process of innovation. In contrast, in the health or.
l;tlwl.tunl sectors, there is a large opernung system vhich may indeed

: ‘Aln iovolved at times with an :I.nnovat:ion process but whose primary role u
‘ vclutly t.hc "op-uuoul” lcwl. ' :

¥




- R l '

. ﬁllt h i.-put-c that we undcutnll um systems frok an "otmu"

| -,fmsmuvd. That {s to say, that they “emerge” over tims, that

ﬂ;ii_fm p M may be at different stages or levels of a-nm-u
fmaty sa).  Purthar, mmm mumm -uvu diffevent

’ Mem”umn an 3/DST ‘systes mey difter in terss of their respec-

ttve stages or level of developmeat. The importance of this onoept

“.,;ot nm.tm may bdo ‘sean in st luu the tcnm m: A

J

- 1. The nseds of an vllm system may be different when the
L ~ system is young -nd*‘f-um:tm when {t is establisbed *
'  sod mature. L A

: L 2 m llnu nyuun -y mature (or d-cnu) over time,
Mr tseds may chm- mr time.
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. *"a&knm Mmmu Jevels
ot Gn-tam m "la hlmo"v‘ .

m ‘lht Tealisation of tmd a1¢tarences between sactors will o
“h-:‘ “nmummme comperisons of (and
’d‘nlcpu; ‘the m mutiou fox) one n/nu systsm in relation to
‘other R/DGT systems. ~

T Am

.
» . .. B -

4 uthulmlucodmloppmofmuuhandmly-u
h ﬁll ‘m thc broadly mauutlm concepts and relationships. While

» \
x?-
'lic un lm!. tln mi’m “of ruurch m mlyﬁt u to duemr

) mumrluchuai.m At this lml.
m m umnuuultty.- M,m

v
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MwmnMMMM¢M1\
~ saurgach thet will permit systemstic comparisca o!"“yh\\

(550t
strategy tesues. mmuum»mrobf”‘}\\:.

mumﬂumaunmmw”\

!n’donloph; s :huonul !nuvorl:. we have idest?
R/DAL system features which ¢s believe will be Iulp!l”
usmcmuu! to the decision weker (see Figure 1) Y4
presentation, we have grouped these nineteen featurs?’ :\ (e
categorical framevork (uun; & general mnn :Iuotf

1. The n/nu System's m_izms

e

2. rat onditions

system vhich affect the vay the system
are not activities by which the system ¢
knowledge. These features will thus inclvd’
. conditions (e.g.: historical developmest)’ \
system management (e.g.: administrative \\“,)
system inputs and outputs (e.g.: p.:.onﬂ” ‘,'

R &
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1. Baviroomsats of the R/DiI System .

Ristorical Development oy
“ . 3. Institutional Base (Network .
' of Iastitutioas)
. 4. Goals, Policies, Strateg
f 5. Aduinistrative Processes
‘ 6. .Personnsl Base
7. m .
o 8. w Mow
9. w
. 10. Need Identification o
: 11. Ganerstiocn/Research
, : Davelopment ~
13. Production
. 14. Marketing/Distribution/Dis-
15. Acquisition’
; 16. - Implementation snd Utilizstionm -
« 17. . Support Sexvices .
18. BEwvaluation Research
. 19. -Research on R/D&I
Comparstive IIN-I System Pestures




e P e G R e e T
- : . FRER

R/oer pusstions
This category will gngluda those festures which we would
Sonsider t0 be an gocegral Pere of & kuowledge produstion

‘ Wmumm COntANOUR <= {,0,, vhet -
the system dous to ‘eveste aad utilise knovledge,

“ Q“nwnhummh‘“ammz Research otllm
T Ygg vill 1%olude asy kind of repesrch dona ghoyt aay aspect of the
Uypgien (807 Of the festures or geature lssuss; say elemeat of the uyotn
. Gueh 88 8 PATtigulsr institution or set of fageitutions; ete.).’
Mun“"ﬁw hqw.m;nuuhutwaﬂpu

umoﬂ"'&w : )

. rowe SV
P

© Naepgo each foature, 8 number of relevant iseues msy be identified.. Aa
Supanded d18cusgion of these niperess Koy R/DGI festures and 1llustra-
‘,_‘-vc jssues ‘“Ocuu‘ '#‘h ueh hlm is nevﬂod 19 G.pur Two.

s - .

..,

A rygferent ‘1faging or STTANGeugnt of mn.uduuumu, of course,
\q ¢oveloP®d <. oo we MOted qerifer. What 15 tmportsnt 1s to resoguise,
' ldqgetfy &8 snalyze the potiencial of Sctual effects these various . features
o Sy pove (separagely snd/oT in ‘ierer-8ction) op the totsl R/DSI system.’

. 1he of tom

¢

SR togsther, the totality of che R/DEX System features and issues formws

Wy ggperactive w in uhteh anslysis and decision meking must be’ pttﬁo:ud

- Vg ysy 58 R/DLX gystem has devgiopsd OVET time in its sectoral environmest;

g eypes of thumcuﬂ&ltmm the character of this work and

'_Mms the persomnel inygiyed in Sach of the functions and iustitutices;
| '11 W m«munly to the totslity of an R/DEI mu--
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:mmu.m-mmmummunummuudw
| factors as the soeial, pelitissl and esonomic ewviromments of the institutions
~ that ecomstitute the R/DAL system; by the dagres of system institutiomalisetion;
" by the nature of the work to be performed; by the history and state of the
- systen's development; by the sature of the system's personnsl base; ete.
" Bug 49 gury, these same variebles will also be influeaced by the structure’
wo!!hm”-um' Such is the fatersctive mature of the W/D&l system,

. eomtext .- uehllnuoyuulmunnuh&unm le ,
" (an part of the total system context, affecting the other perts of the system)
sud as a dependent variable (vhich msy be a focal concern for snslfsis end
lcchlu making). . :

In tay given instance, analysis or decision making vill, .of courss, be
focused on some subset of contextual festures or issues (or evem on a single
feature or a single fsswe of a festure). Such a narrowing of focus {s
nacessary to bring the mlytlulldﬁhml processes down to menagesble

and mesaingful levels. Indeed, it is important to recognise that each
festure has importamt characteristics which do distinguish one feature from
another -- diffrreatial characteristics which often have fmportamt implfca-
tions for both miyou and decision making.

Sowever, the considerstion of say single festure (or fssus) must take into

~ sccount the futeraction of that specific feature with all other features «-

“ Le@e, ODG WISC e.ouuct 8 single feature or issue within the richness of
its total comtext. To try to asualyse single feature (or issue) without
considering {ts contextusl interaction ml‘ not only be mn -- 1t
would likely be quite dnfuntiml. ludi.nu\to Jwrong conclusions by the
anslyst and to wrong decisions by the juum -aaker. Such is the tmr—
dependence vithin an interactive liviag system. .

- Therefore a comtext has to be understood as the tnnr«ctm of the effects
otmmofo.do!m-y-m bncurn I!nvﬁlumﬂmm the

. character and mensgerisl requirements of a given feature :\n\m (e.g.: the

: f-ﬁml bage) it will be necessary to viev this featire nilgot the back-




- gueund of all other olements or Seatures of the system im its eomtext. By

- the sama tolen, 1f wo are concerned with & sub-iseue withia the perscnsel
’c'cu mtlumuunauemo!mlhmm
of the system), chummunnmutulmnumwupuu

of the persomnel base feature (e.g.: the types and lewels of noguuunu-)
umotﬁon&mmh&awt—lm.

i1a evder to fdontify and differentiats between gemeric and sector-specific
chbracterstiss of R/D&I systems, it is mecessary to do a aross-sectoral
comparstive smslysis of R/DLI systems withia their vericus specifis sectorsl
costexts. This we will do illustratively in the later chapters of this
report. The 1iterature on R D&I and the extensive resssrch experience of
our Tesearch growp at CISSY saud Northwastera Vaiversity releveat to R/D&I
vill provide the basic date for this comparative uuml analysis.

« Rowever, we- -oe first provide a framswork wulltu which to do such & cross-,
*_sectorsi eupanﬂnmlyuu. We have alresdy discussed the basic elemssts
of&tu framework: Seatures sad Lssues, context amd sectors. It is mow
mmyumuumm.u-u.mumumum-
couparstive smslytical framswork. This we will do {u a step-by-step fashiom,
sad.ve will distinguish quoa the comparative anslytical m usaful
for rescarchers and those for dacision maksrs.

‘ : \ | :
To attempt to analyze simultanecusly all R/D&I system festures, char- |
scteristics, issues, etc. would be impossidly voluminous and complex ~-
even within & single sector. Similarly, ic would be impractical to
sttempt an amalysis of even a single feature across sll possidle
sectors. Out of sheer necessity, it is necessary to narrow the
focus of amslysis. This may be done by focusing om a specific R/D&I
Systes festure or issue across & selected set of sectors. This nerrowing

~ of focus tlli ensble us to identify the importemt charscteristics of an
R/D6I systam festure or issue.

-

*
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4. Goals, Pelicies, Stretagies

-« t
10. Need Identificstion
18. Evaluation Researeh
l *
, - List relevest Lsowes —’3. Insticutionsl Base
of the seleated festure Institutions
) Inscicutionsl Roles
Select fssue (o faswes) - ' ‘lastitutional Casrastaristics
which will lml:.:u- ‘. lyuu Strue -
tribute most to "
gowsral aves of m/ m W |
List relevent swb-15sves mmmmmpn3. Instizutiomsl Nase
Systen Structure
Select ub-inu(o) whioh Iatsr-Institutional Liskages
will 1ikely contridbute . Linkage Chavecteristice
mest to the genersl sres Iaterface Structure .
of concern ===—=———x2D3> Linkase Conceeuepses
,j;‘: ‘, /

3. Institutioasl Bese
System Structure
Inter~Institutionsl Linkeges

>> Linkase Consesuences
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mesaiugful anslyets. Thus, the presess sarrewing the fesus of smaly
tiproves the “sesciution” of whet initially fs ithely te be & semmb
vagie, Mwmdcmlmdmmm‘”f
ﬂm.ubnuumthumdmlnu“uhm

. mmmummmu. '

Gbvieusly, the emalyeis of s sisgle.festure or issus weuld net give
- ws & full, pieture of R/DEI syotems. Thus, separste suslyses must .
hwduwamum ve nﬂ:‘uﬂ“
“MWMWM#WM“M
systems. mmy.mommmuum-u
m-mmmmmmmmmmum
mm. muummummum
"m)mhhnmmhm»u‘w
tors ae: - time limitaticns; aveilsbility of data; the fnterest of
- the researcher, amalyst, ér the decision maker; er the specific pur-
" m -~ peses for 'which an smalysis 1s needed. Of course, the idesl would
hmnmlmddlmufmmﬂmmnl
- possible sestors -- muuuummutumyu
nssessary), .‘l“?’m mst ba mades. .

| mm-imumumlmmhnym
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‘meam-maymmwmh
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speters, nmtmmummam.
mm)dma.u.mm
isties) of tha festuve or Lesus ssress secters. While this tdeuwti-
cmamummmum
Mummum.ummmum
“mhﬁmncmm.ﬂpﬂﬂm

»

» » - Y

uumoummmwmanwm

: nhmjutﬂmﬁh‘hnucnun -- mam -
process. mmmemmumpmumm
eoutextusl en ion o tdentifisation of geseric and sestoral
sharasterist »-evessing the provess {s slso fsportast. Thet s, .

g mmmm ‘ mem
pnvuc a freek pesopestive fren to examise the sectorsl eonteat. -
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Ih ave m muml,ou (and key m&mtu) !.mlwd i.n nhmt
) pouoy makiog and tmhtory prouuut Axe they -ny or few?
mmma or diffuse? - .

' .

| m eln nmuw.m among end wuhl.u poncy -lu.u aul ruuh-

twr mu:u:uu stabls or dyn-a.ct

mmudmwmltmlmuuumin.' '
~ Socletal valyes, motivations and behaviors m not ouly the

atmﬂ. eouutianl for t!n d.nlomt of R/D&I systems and- uct:on.
but lho are major determinants o! tle characteristics of other: -
nm.rm' (e.g.: aconomic, legal/political) -nseded to. support this -

. dmlom: (Il-rtan 1973, and Kuhn 1962), That R/D&I systems and
'ncmmhalmdtnmmmotnmuutmndmhom,
hucd on. uu-wuut cultnul vnlun (n...: of "mmzm Jtmmth™), -

ﬁnm roquin nqvhutm. Uou Wiy. th. systeus of‘khu =

- choicu l-um !.Inu pcrsoml and change the ‘character of :l.u-;ttut:tons.

3 : ‘Mrchtimh&p htvncn l/m cystm and :m: socullcultml

. and tu:tmml atrqncum utehzn ‘ueueu'- influence thc rate and

direction of this dcnlopn-n: S”u-b o£ values - - oecno-ic,, pnut:lal.,

' ultml. hmm. ut{,muotic nlufou - = vary within and

across m, countries and even groups of countries. These dif!cr- ’
ences in values are important in: ‘that they give prestige to different
x/m disciplines and foster the development of differing types of

_-nlw and supporting institutions ' (Merton) mchomu, changes 4in .

values (&.g.- toward "utility” in science) can serve to shift career

- 18 lvy uom lmtdixoctioml. |

’r




' _berg).issuss to be ‘sddressed in this section tend to be at 4 fairly

'““ | . /V\

, ovetion mmmmvmmmmﬁmmgﬁ
Mmuﬂltmmuwmchqswm
u-ummummm mzyummm bl
: ‘f',;‘*umnmnmnmnonmammm
R wwummmmmummumu ‘1
- tyamsportation mmmumuammmmm .
‘”‘*’“‘M participation by R/DEX mlumm, :
pol ctm. mmm and mmm | ,‘

m-euum dtecuseton 1t 1a oless that the comcspt of soctal/
cu!.tml w is u-phn. It may be local, reglonal, m&ml..
'.mmthumormm:unmmuonozthnhnh. 7
Different R/DEI subsystems may have different. soctal/cultural.emviron- |
ments sccording to’'their geographical location or the R/DGX function .
tmlﬂ. m«m sectors. ox different types of mum may be
umu impacted by the- oochllcnlcml cuvl:ouuc There may be - '”i
differences in the rate of aociolcclmn’m among enviromments.

' ‘nuc to, eln cc-plo:dty and mtmu of mulleultml. environments |
(ws well as & lack of mc-utc.. eq:h‘tul. research) (Kelly and Krang-

_ -.--’"-uutn hv-l. but are nometheless ‘importamnt.. ‘These issues eould

" -

 What ;‘qpeullwltu‘nl norms and wlmAfufiném kunowledge pro-
" duction and knowledge utilization in the R/D&I system or
sector? In vhat ways and with vhat effects?

‘Bow is R/D&I perceived by the relevant society or culture in
» tdrn of status, legitimacy, aud support?

I- cbo soelcty or eul.l:urc open and rnpon-i.vc to 1nnovnti.on and
' chn.o? uhnr. kinds?




' ] Mun« thc tm ull dtroo~
e nocum (1.0.. overcoms Im-rsou. or

,x‘

*

. 1}

Vhat axe m M u mcul mto-uluul ‘sources of

| nmm ssures on the R/DET systeu? Are they many

o, m mm:ud o lu!m? Are relstionships

i-na M omn msu of dynsmtc?

w. ‘ . s *
llllnt m the -eml or mum emoqum. ol these pressures
R l:llo m oynt-! e ‘ ‘ :

-
.

. Now does :ln Wl‘npe- respond to, influence or gonfront o
S m pressures (vzaue accape)? ‘ - L

< .

m¢ alternative career opportunities (nkhtn and outside the A

" system or sector) are available to R/D&T, m-mlr ‘ .

M lID&I mnr opportuui.un nu -vuih!:h to pornonnol | - !
tron outside the ayotm or sector? )

T . e ' : co

-

.~

llu: relative sutua do altern- -ive careers (1n and out of ' .
. R{D&1) have? : ¥ : -

conon onment
The pﬂuxy characteristics of an R/D&1 iy'atdn or sector's eco-
nomic mirumuu ars the level, stadbility (or rate of change) and
availability of capital resourcas. RID&I can often be quite coatly
ul cmmn; .loquun oapital to carry out all or vignificant
umu of cln Ilm ‘pcocesses is criuul to the success of these ,‘
_processes (amberg 1966. Kelly and Krmbcrg 191;, Mansfield ch
_‘1”’ ld’huuln 1966) . :

ERIC
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!oabgunmmulm.mm”:m-
mnn:notlf"' ’ mmmm.mmme--
 meat mmmtu (-.;.z capital Ws. bumen resource
development programs)” in internal iavestment decisions and in
mmnmm.mmmmmzm. 'nnmuul
benefits of R/DGI, however, ave often d1fficult to datermine
vlttmlm.ofmmyhouthcﬁnm&dmbhth
lags between investment and mzmmmumuooe
llmmm These uncertainties are also affected by the
"m.ocmnmmm,ummymmmmm
"Mt" (L.0., locul. and bolum.t) than Mho "hard"
“MOo ) o 8. “v*is", L ' '

Wi le time u.i. snd uncertatnties do vary for different phases
of’ !mth processes and for duﬂm types of imnovations,
R/D&I does seem, ia general, :olnmditoctlyuttoccdby '
general ocow-ic coudum clun other more puucubh and
 timely tmt-ut oppotcunum (1.e., npll.uttomof existing
' lcttvtttca) (Charpie, 1967). On the other m it 1s also evi-
dent R/DSL Bas hed and will mzmunn-.uuume -

miun tqu: on ncm-ic coudtttm Clearly, one need ouly

look it deveIoped and iess developed countries to show that

" mzm does contribute at some poi.ut in time to ocouod.c

‘ dcnlopnnt. Attempts, however, to link innovation in its
‘broadest context (i.e., social and technological) to oeonmic
m have varied greatly in their results (1..., from 2 to 872
of CNP) (Dentson 1969, Jorgensan and Griliches 1967, Mansfield
1972, Solow 1957). Even in times of general economic prosperity
and sustained growth,. c'ap&nl doess not necessarily flow
"ucunny" iato R/DéI activities. Rather, funding for R/DSI
gemerally comes from ouuidc the R/DSl system or sector (Kelly

. anil Kransberg 1275). The set of issues involved in funding is of
. sufficient importauce, however, that it will be dealt with
 separataly n ueuun VII. Soms illustrative issues dealing with
m .-uul ucuo,g.c comuum ate as fonm

Kl




"' What is the state of the host economy (of & mnﬁry) in
o “vw’mmmocrwd‘bymm:nmmh tcular?

or poor natiom; hlucrullm-hiu:rm; mixed ov ‘nrrov
based economy; lesser dw.lond cmcry or dovnlopod\
omry)? L ) ' i
M is clu level of priortty siven to llbu in ﬂlo public M
Jl(\,k g I ntmo mcon of ‘the economy and within the particular
'~-‘-'“~i sector served by the R/DLl system? Do the levels of |
pﬂouty very among the R/D&Y !nucttou? u so. with
;hc sffoct on R/D&I?

\,

-

" What’ !‘ tln"mrdl hvnl of expenditures in the uctor mv«l
‘ by the RID&I ayotq-?

To duc cxtm is the IID&I system vﬂlmrablc to short term
and/or long tm fluctuations in. the ;mrll.ot sectoral

!

- | ~ ccouonz‘! What preparations or responses doas the llpax. .

system make 1n relation to ocono-tc ﬂncm:iout , ¢

3

While it is obvious that an R/DSI system and its institutions
are dependent upon available knowledge/technology, the linking
processes between knowledge/technology and innovation are not

at all obvious and, indeed, have been the subject of much debate.
In the last twenty years, for example, it has become common to
link the problems of uitlonnl developuent in davcl.oplng countries
with the d.valop-mt of an indigenous science capability (Shills
.968). With the development of a -chm capability, however,
national development has not "uturcny" resulted, at least not

to & level considered acceptable to national policy mekers.

Ky
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. "_«'mmm mmwuum»nmtmc

43 sany developing cofitries.. In nuquu

ulth&mm««nmuum.m-n
;mmmmmmmmwumump
betwesn knovledge/techology and tasovetion (Onu: 1973,
m-mum. m,uummmaui
n:mmm waqualified spplicetion of the emperiemce of *
. .‘hmMum“mmmdmmMumtﬂn
mluatm‘uunrnm The context specificity
of scientific and techunological applicettiom, and thence of R/D&I
,mmhamtiunhmt. mmhqmdo-
»o!“mmmu"u&nhuwlmmm )

ucnum historical anslyses, verious stwdiss have -huu
both that an R/BGI system generstes much of its owa tech-
nolo;y(!rtundlnp 1m.-amm1m).mmm
As heavily dependent én its huwlmw mlto-u!‘
(Batzelle 1973, IIT Research Institute 1968, ead Myers end
Marquis 1969). umlw:orucl\nﬂnumly
Mmmmm Gibbons and Johnson (1973)
analysed mmmuoummwn‘:um
dmbm of innovations snd the resolution of techanical
mbl. in Mstry and found that “the relaticaship between
science snd industrial technology is more complex than ‘,
mmly assumed by either scientists or economists;

there exists a variety of potestial forms of interaction”
(Pp. 34-35). Therefore, while knowledge/technology does
contribute both directly snd indirectly to innovetion, the

" complexity of this relationship effectively precludes
universal policies, practices and pcoeoduru for facili-
unu innovation. :

[ 4

u-c hpmn: 1ssucs 1d analysing the knouledge/technology en- »
~ viromsent inclede the following: -

[ N




muﬁnmamma-(mumum)u
upmwlmhm .

- Whet kinds of Wlmlqi are or are mot mtlnsi.o? ‘

What fastors sad procssses affsct the development, scquisition
' and use of the knovledge/techaclogy base?
What are the basic diseipiines and/or sectors from which the
' R/DiL system draws its knowledge/techaology? What are the
wschanisms, mm. ete., fox tzamefer of knowledge/
techuology. between dtutpulu. R/D&X sectors, R/DéI
systems, R/D&I institutions?

Vhat nch;olqin are generalisable (tramsferable) across sectors
and which are mot? ‘Why mot? Across which sectors?!

What 1s mmumwumllm -m.‘! Bow doss
. this affect the IIM systen's upuugy to idemtity,
select end use potutuny relevant h\lnlduluchwlogy
from ol:hn R/D&I systems?

What ars the comparative states of development of the knowledge/

*  techmology bas: among the different R/D&I functions? What
effect does this have om the oversll knowledge production/
knovledge utilization flow of imnovetion (e.g.: 1if the
knowledge/technology of development is significantly nore
sophisticated than the knowledge/technology base rolouat
to upu.muon/uuumun)r

Row feasible is technological forecasting? To what extent is it
dons (and how) by the R/D&I system and its institutions?

s

To gain en understanding of the caussl texture of the R/D&I Sy~

.




'Whﬂﬂl““ﬂmmﬂ
mm.uunnmmmmmq Con~
‘mwmu-qu. &nmu:hnldu
'Wm 48 gemeral “MMCM‘M
in partisuler is menifested fn publis pelicies, the lovel and
Mmumuwmuum“q
mamwmmmumuyum
1973). .

Fotential umnmuummunmqm-
mnu.:

melu”nmh’dmhwco&nacnn
basic disciplines/sectors from which, the R/DEI system draws
mwmmmuwuuaumunmo
able’ future (e.g.: i government, -duuutu o tho peivate
mmmummmwwm .
in thess aveas)? 1If mot, why mot? m&-muhnuqu
mloﬁ-lnu&-ywoude!m«mn?

- !

lonmuddusﬂullml”tcut tohflun«thodmlm
of relevent knowledge/technology areas?

What are the relationships betwesn sources of political pressures
and legal, regulatory and policy meking institutions? Are
they many or few? Centralised or diffise? Stable or dynamic?®

anstm——

What are the ponath_l (or historical) W of such pressures

on mnl policies, mhtuas and laws? -

Mm,hnbn or might be ﬁ-mmottlnllbuoy-cn
cmutbumamut

‘l'o M extent do economic conditions affect Imllnucml
. a 5

Py




bcosd-based or aarrow? Are regulaticas, 1o and policies .
Mumumuﬁnmnmmr-
Under what conditisns 1s 1t ueed or pet wsed?

sectiom. Industrial R/DeI, hm.—umm‘lgucb
the material and energy resourge enwircmment. Issues rslevemt to
above, uulychwmmmmmw
&nd. between the sub-enviromment and’ other sub-envirosments.

The issues posed berein ‘are directed a: am of the

mmmmm-mmmm » and

Shong olemsirts in the enviromment. Por specific or sec- T

tors our ability to adiress thess issues vary ly. rFor ;
| sows systems, the dssves msy be quits tforvard, for others




[

¢

e have gaiasd valugble iaformation sbost the sypten/esviremmsat -

taterface. As Dunsen’ (1971) and umu‘.\u (1967) oentend,

‘mmuumaumw mumuuuhmby

mummmmmxnmmumu—

‘m.

Uncertainty of informstion bas possible implications for system
orpanisation and behavier. uuuu. oad Lorech fownd that
um or turbulent mm roquired higher states of
dxmmmummumum-umu
attitudinal aid cognitive orientation and integration or the
state of collaboration extsting smong subgroups (ss perceived.
wmummmu-mmum
Creater differentiation was needed to desl with this diversity
of nﬂtcﬂugt demands, with a high level of wqr-tun
roquired to tﬂn togather these duﬂn‘tw wnice, lm.n-
tion wes acoomplidhed through' tmtn tolu. cross functiomal
teams, and integrative departments, 43 well as through & more
open and confromting mode of conflict-resolving bebavier.

The work of Lawrence and Lorsch and others (Duncan, “Burns and
Scalker 1961, and Woodward 1965). therefore, M“&QO Mll m
importance “of explicity addressing Wx 1ssves, and
that there is valuable information to be utaod aven if the
1ssues swe not completely resolvable. B
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0( ”:ory. cramitiml and udtuze /phau of devul- '
pham could be chartcter’ned l’l fonows * >/

nncvon nnd unbahncod. quea and concom‘am locanud rather
‘W ot & system level.
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It tho dnvolopum: hnl of m IID&I m:« diftarmt f:o- tho
Mnlop-w: lcvcl ot u: uctor?

Atc the dcvclonum: hvcla o.‘. the ll/lxsl fuuethm within a parttculu
- R/D&T system dt!taront from ‘the donlomt levels of the °
~ R/DSL functions in other nnm; systems wuh vhich ie does . -
- (ox eould) inunct‘l

. '
.
: . . b

A
..

. llmr da difhrcncu v"“ hmof Mtoﬁiit :l.lplcl: t:he 1ut.ract:ion g
e “‘“‘B&w«n the. I,ID&I systu and fts: uctor, beenen n/n&x -y-tm,
' qu x/ns: functions ‘within a siagle. systest- “How do l:hue
dtffc:mu sffect tho flow of 1nnmtton?the pouibﬂ:lty

ot‘ uchuolosy trmfcr, otc.?;, P

- To 'hat oxteut is mm-buudins a ctit:lul nud of tha R/D&I
L mten? br vlut: paxts ‘of.. tﬂs RID&I lyltm? o

(O

;,‘cuch?’: ‘};Mhnco? v' . S . ';- B _,"v"}*

‘ ‘l‘o mc m.nt hukm lystcw-wiu mncy playcd a tolc in




‘fl!nf. m t!u tinluturutlon otfeccs on: system operation oftectiveneu;
dcllnoal:i.ou of issues; establishment of pri.ori.t:lqs,
Mstimtioulum:ion of the R/D&I system; acceptance of the

- IID&I mtc- and its out:puts within the uctor, etc.




",tniw&l tn umrc..,, ' : e
lh nbm otﬂ:lu, parttcnlarly the . lr'nne cm;'y, as nll as t:tuu! .
,.;;..fmy..r—c £, Schmcokler 196§ end historical suslyses (c.f. Moiison .
1 1966) of tmontim in inanttry, indicate the iqbotum of criti.cal
mnl h xlm mu- Gmlomt Prom dnu anslyses we can
e-nehllo t:lllt an Muﬂ.on of crttical avents includes not only '
“v'“dmlop-buta in the -rc:l.mi.tie cnd uehnologiul mtc-ct—thc-am.

~ but sleo st ‘lesst institutfonal’ (o:mucml). legal, poliuul,
and .ecumc (mw dmlonm-.
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M Ilu laua thc mnrn of oimiﬁ«u developnn:u in the state-
‘ o!-f.lu-ltu? Have the developments been relatively sudden or

2 ' graduf? Major single developments or incremental devélop-
R -m..r What effects tuw. these d.wlop-um had?

mut hu been tho level, of funding for the R/D&I -yul:en? Stability?
Uhat bave been tln major sources of funding‘l What have the. -
-isnificant events in funding bm? Hlm: i.-p.ct havc :lwu

- had on RID&I? '

-

)

c:u:tul mn:a in an of theu areu uy- be seen as. an "mput." to tho
RID&I antu which have b‘d some signi‘ficm (though of course not
-’ ‘ mhuiu) affect on d-ecrninin; the idiosyncratic nature and charlc-
B *1:::!%:1“ of tho RID&I system both as it currently exuta and n i
-ny dwd.-t in the fucnro. We uy aho asks -
.Have eb.\m:iul awm:n bun "lppropruta" to the ﬂ:cto of thc RID&I

mém'i dcvclop-cnt =~ and if not, vhat has been ‘the stfoct on
l:!u aycm? S . o

oy




. IIL. TNSTITUTIONAL BASE (NETWORK oF INSTITUTIONS)

 An R/D&X system 1is mcunywcoq»oud of & variety of fnstitutions
uh:l.d:. loouly or cohcmtly. form a network of institutiops. Thus,
've will want to examine the institutional base from two perspectives.
First, we want to look at the institutions thmlm in terms of
their dtfteuacution. what the institutional roln of the con-
stituent institutions are within the R/DSI system; and their
chamcmiotico. Second, we will vant to know h- these institutions
‘are integrated to form a. cyom"- what is tlu system conﬁm-ttou
of R/DSI functions; how the: institutions are 1inked together; what :
are the chqnctcrutica of the ayote- stmtm (Llngtuh. et al 1972). ,
The nrmetim of dutcrcnthtion and hunntian vith which we will
viev institutional bases have typically been gpplied to intra-

‘ sysuﬂc propcrciu of organizations, have extended these concepu
" such that they are rehmt to :l.nter-inst:l:utioml 1ssues. . -

' Diftaunthtion. Lawrence and Lorsch conmd. is not only the segmen~
un of func:tom or tasks and specialization of kmwledga. but aho

esul,ta in difhrcncu 1n gonh, uructuru and styles of- opcut:lon.

o :e::'?multins in ditfcrcnc.u in the cognitive and emotional orhnution

B of nﬂnu mng umud 8rops.or organizations. These difhrmcu

‘tend to create d.iﬂtculuu for integration or “the quality of qlu

| .tatc of colhbcntlon nﬁmg dﬂparmts that are rcquirod to achicvc .

=;A,-unity of .f!ort by Lhd drunds of the envlv ‘ u;ent" (p. 11).# '

;'"‘-'*su Iubmuin al (1969) and Doud (1970) for a dhcuuion ot
dlﬁfcmmtim mtcgution in n/n&z. .

)

| institutional issues. Lawrence and Lorsch (1967), by con:lderiug tha e



; In :om o! dl.fhrmucim, therefore, we are concerned with deter-
d.:un. at least the following ehuctcrucics (!'oulund and Gilmer

-

1) number of con-ticmt institutions

‘ ’ 2) functional roles (division of labor) both on an
L ' intra~-institutional and inter-institutional basis.

L]

3) nature and spec.ficity of goals"

4) structure as indicated by a) size, b) shape

_ (i.e., degree of formalization of authority,

) rewards and skill, span of control » locus of
- formal am.horicy, oec.)

5)  style of op;ratioh as :I.ndicatod. by internal processes
of decisfon making, communication, authority, coopera-
tiom, etc.

o 'ror tntcgnuon we are concerned vn:h cho quality of cql-hboracion

o lllons institutions in the RID&I nynum as well na R/DSI insti-

‘ tutions and chai"cotruponding environments, and tha factors affecting

;ho quality of collaboration (i.e., decision ukinc procoue-, com~

.x‘_mnlcacion processes, authority/status rohcimhip-, 1inking méluntm
" and conflict resolution) (Lavrence and Lorsch, Rubenstein et al 1969

and Schein 19_68). _ : :

ok m ay-:cn inwlvn a vnrur.y of im:tmcioun which form the
1tutiml base of the cyst.m.' It will be important l:o 1den:1£y :
Mu mntuuclono mo, some hporunc umn could be-

1926 Lawrence and Lorsch, and lnbcnsccin cc al. 1969). "M““&M



ihat institutioms are involved in the R/D&I system?

Are they: public/private; profit/not-for-profit; federal/state/
. local gomnt;‘ universities/industries/profeseional
associations; etc.

t t . oles Within the System
lh will m to_know what rolu the various iustitutions havc wvithin .
the lIDﬁI system. Some hporuu issues could be:

‘To what extant do the lutttuum specislize in partteular IID&I
~functions (c.;.: rouu'ch, dissemination, etc.)? Which -
institutions? Which R/D&I functions (or coubi.mtiou of R/D&I
fuuu.m)r T _ o

inu: are the rglu of the vatiouo huti.tutionvin relation to the
R/DSI system as & whole, to other institutions of .the R/D&I
, system, to other relevant hucituttm and systems in the -
. environment of the R/DSI system (c.;.. vhat s the role of a
o government agency vhich is part of the oversll R/D&I system)?

Do the institutions serve only (or primarily) the specific sector
(e.g.: public schools, NIE, or the federally sponsored R&D labs .
in the cducation sector)?. Or are they sector-spanning .
institutions which serve several sectors (e.-.: ISF, IBM, many

- R&D organizations, book publishers)? What .s the level of

_ thetr commitment to the sector, and why?

.St

‘f': We vﬂl lloo mt to cxu:l.m the chluctcrutic- of the ustitutiou
. of the R/DSI.system.’ Some important imsuas could ha:




. s
o e e

. ’ B N : ‘

What are tln internal ummuoftumcuuum (hnmot

_ theiy mﬂmnuon. integration, centralization, formaliza-
. tiom, cretcumiaulmibtuty. stability, etc.)?

. What are their internal mc.uu of decisfion ukin; co-m:l.cat:lon,
mr.houtylsuw-. coopcrttton. ste?

What are their sises, status, Tesources, experience?

.

o«

What are their lcv-lq of hcuruta_g and technological sophistication’

What are their ranges of products, services, etc.? -

' ‘v Asunoudiucluptnm. the various R/D&I fmcnmuybo

rll.

;roup«l or clustered together in a muty of ways -- and they
msy be grouped or clustered together in’ diffctm structural con-
figurations in or across different . inaucutiom within the same

. R/D&I sector or lcron differing R/D&I mtmo.o Some import
unn could be: ‘

In vhat form are the R/D&I functions chutcrod toul:hu' (c.g.. ' 1in=

uril:y. p-rallonu, loopinslconﬂ.'nm, couttnuttyfnps.
ndmulcacy)? .

Wich n/,x functions are cxu.e.m together? "

mn: mmms in the’ abow sn there across institutioans within the

l.m -yst.—‘r B .

.-'i“%“.‘-’.‘ bl At

'G



B

© -

‘b\:

N

Are the linkages: strong or wesk, permanent or short term?s
© Stable or unstable? Nrect or via uumum insti~-

tcumlnehuuulunmumt

mmmtw«mmmmmm
Mcolhboutmt , o ,

Arnthouakamefatrq;iadogdum‘?

Vhat are tlu system's processes for decision msking and

commmication?

Vhat 1s the nature of suthority and status in the linkage
X process? '

- What are the existing linkage otrujccuru and mechanisme? ,

"R
Bow do they work? ‘:‘ .
Who controls them? ,‘ | '

v B
‘ . : 0 " ' -
' ri, "
,3:._Boundafy Conditions PR .
2 y
o R e 7 . N
. ) -

'-".‘ . ,

,»lcu. «ue&m mu npply both to tha "bouuluxu" of

sm:smm m the -nu- and to elu "boundaries®

. hm‘- .I... him i A8 Sa_



aw

umﬂulmdmmﬁ(ntmmm
nhumily.colhbom..ctc)orachudmt‘(n'
“that issues of "turf” and sutonomy frequently and
strongly arise)?

Axre these "boundary conditions™ fixed (e.g.: by lar; by a
" strong, emotion-laden history) or varisble?

What are the system's processes for resolving inter-institutiomal
conflict? i

Are the existing nnh;u functional or dyc!nac:unynn
. - 5
Do they seem to result in coordination, cooperation, conntet.
or simply lack of systea eoordimcmr ’

W

~

i Are there ‘(or. have there been) "jotn: venture” arrsngements?
oo Betveen what insti: (ons? With what results (end ihy)?

AAAAA

lip w:.n mz to culiu various characteristice of ‘the nlnu system's \
o&mm. Mhamat u-m could be: e

-~

M u the mumy ol’ “these conttgumlou over time? 1t unstable,
um Rave the couzwum changed in response l:o the

f Mlﬂp‘ml phases of the R/DSL system, of the R/ogl muou(.)
 inglved, omef the particular institutions involvest °
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, nctu:,..tnutul to cho RID&I oyoto-. m/or »p
- !ulm tuncelcn?

‘cy (e.g.:
)

. ds o! tmtt:n:im sre involved (o.;.. publ‘ Ipr:l.vaca, A
mucy; protitlnoc-fot-pro!it; etc.)?

biuttic ‘nce xcanhho.ﬂd be attached to the spec ﬂc source of
| i mt, policy or strategy (e.g.: status,

-~

dtnce.' r«rt!ur, l:lu honunt of .ﬂl., poliei.u. _' ..__,:"103 is dynl-lc
h sénse ‘that it may vary and clnna- om tin, 1u aiffarcnt f |
emdc Ls, as. nlu lmovlodn base chnmp » &8 secto needs change, as .
’;"-"RMI i.ut:l.tutim clunu, éte. (c.t. Kats lnd hln‘ 1966 and Hltch i "

71“- 1958) ‘l'hnog cou hportant i.unu cmd]d ba:

A .\-

J L X /
B2 .

iﬂuﬁ u m contmt of goals, policies, ntrutegtel? llw do they S b
dtttcr ncron thc nln&x funciions? { S
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" tﬂuc is nho m.udod hpaet of ;ull, pol!.ctn. strategies? mut
is the ”ucondary" or “1ndlnet" tupact?

Arc the vnrtotu gulo. policies and uutcgin compatible or
' tncompatible in terms of the R/D&I oyntu as a whole md/or in
terms of .por,uu R/D&X !unctglm or or;nniuuou?

mt is the relative importance ¢ the R/DSI system and its
hu:itutiom of the various goal:. policies, strategies?

- How 4o changes in the context (e.g.: emergence or decline of

. ~institutions; changes in the knowledge/technology base; 4€tc.)
RN  affect goals, policics, strategies (in terms of relevance, .
feasibility, chamges {n the goclolpoucunluutegiu
themselves, ete.)?

c. Aspects

| . Give1 that we know'the source and content of relcvahl: goals, policies

® and J:ntogiu, thcrc are still s number of r=- actl of these that will
'; significantly :lnflmco the impact on the R, cyntc-.

'l‘hou aspacts are very much related to chaueteristics which are dis-

;f, cussed st length in the Management by Objective (c. f., Ordione 1965)
and general management literature (c.f., Drucker 1973, Chapter 9).

Scope --  What are the funding requirements snd commitments? What
R/DSI functions are involved? What institutions, other sectors,

~ other R/D4I systems are involved directly or indirectly? |

: What are the persmel/kﬁoqledgélteclznology reqnifenantu?

- Tipe frame' -- Is the time frame Qong or short; ruliuic or
o u:realutic’ ' o »_ )

3.

85



Fessidility -- Can goals be sttained or ofictes and strategtes
hplmd! mt changes would uqund?

-

Flexibility / Can r-qu:md be.made ta the R/DST systea?
Ant cost? With what effects? Under what mtttmi

3 By vhon? Is the required hﬂldmlmmw nvd.hbh.
can 1t be dmlopod?

Clarity =-- - Are the goals, policies, strategies specific and clear,
©or vague? Are they clear for different relevant audiences?
Do different relsvant sudiencss understand them diff-mtly?

Subiutylcon:inuity -~ .Are goals, ponc:lu. strategies tolati.voly
stable over tine, or do tluy change and phift? Over what
periods of time? 1In nh::lon to which uourcut mch vlut
effects?

Di!fcrntul porcopctono - no various relevant audiences have

similar or dininiur perceptions as to the importance,
relocvance, feasibility, time frames, htc. of thc goalc,-
policies, strategies? ‘

Balance -- Are goals, policies and strategies balanced in édiu of:
relagive priorities; "adurcea, ‘the various R/D&I functions °
nnd ;mumum, system and hutituttoul needs ulatod to
level-of nturlt:lon- etc.?

prtouues -= To ulut extent are the various sources willing to
make comprowises in order to ach .ve system balances, to
orchestrate the system's activities, to #111 gaps in the
‘uystu, etc.? What uchrnim and processes are used to

‘ tuch mh co-ptmnu? '

I

o

“ Abptopriltcuulcww-ce :41- Are the soiln; polici‘c,} strategies

L]

-

R RY

R R R

» amém M congrueul: :lu ularion to'» the nature of. the

[



‘Mﬂu hwl\m!: m me- of developmen: of the uyltn.

e | od _]"unhalon base; adequscy of personnel/
-mzmunumm rescuroes nqulnd and available;
the miallcultml mirmt; laws and ro;uhum. ctc.?
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Mainistration (mansgement) is & function of all organizations and

systems, and mich of the resesrch, 1iterature and experieunce relative
to this function is not unique to R/D&1 systems. lc.vor'tho,l_ay/

must be: avsre that the yelacively high degree of uncertainty and
creativity involved in the pirocectes—of-innovation will impact admin-
o istrative processes in R/D&I systems (lﬂ;ht 1964, r-‘tton and
Goldhar, eds. 1970 and Rubenstein 1968). We will, of courss, want

to focus our analysis on the R/D&I system in terms of describing the
existing R/D&I system, in terms of m-qqi.fytn; those aspects of
characteristics of the ad-inhtuiiﬁ béocauo function which are
specific to R/D&I systems, and in terms of determining what admin-
istrative technologies can or cannot be transferred from one sector
to ancther. oo ' ' -

"We should also note here that we include both policy and operational .
-levels of administration/mansgemsat within our understanding of the '
sdministrative processes function. : '

The literature ou administration is ..iite copious, both in terms of°

sheer volumne and in terms of identifying and analyzing a large

number of upéct-. characteristics and processes of adninintrntlon.’

Thus, arulyses vill gencr~1ly need to be selective - - but not meager.

- A. __Responsibilities and Tasks

" There are many 'respon"aibilitiu and tasks which may be part of the
' administration function. These say be (and are) 1dantitfte‘

-

‘*‘llth.t than cite this literature in Zetail, we refer the relatively
uninfor-ed reader to Drucker (1973). References in this section will’

. deal yith issues thit ere specific to R/D&I or seem to be differeat . -
f};‘ in X/D&l from “general* administration. '

«
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. "mu.d and ladeled wariocusly, but would at least mmh clu

leu' ‘broad uumun , .
\ o - Mufutmuou ‘of 80osls ‘and objectives . . . ‘j' .
"« establishmemt ef policy” = - ¢

- forsulation of strategies
plamning and pro‘r-&

-oi»ﬂtuéloﬁ and allocation of resources

]

-

- dasign, installatior, operation and modification of
‘Mbnagement ayr. ums

‘= commppicats-n

sotivetion

‘3r west, 0 tucse areas of ad-lnhttative renponuibuici.u and tasks,
s"3 lrpottint issues could be.

Who has the responsibility?

-

W‘”Hlo. i_c:ua!‘»._. performs what aspect: oi the .required tasks?

~

'j, What skills are needed?

[

'How and by vhom are responsibilities a. ! tasks assigned?

At vhat level within the organization or in what part of the aystem
) ato rtsm;tbﬂli:i& and tasks located
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. Upon what data are decisions made and actions taken? What are the
. sources of data? What degree of rellability and certainty can
be ascribed to this data?

€ ve 1§
.3

Administrative relationships involve the organizstionally based inter-
actions between the ~ersonnc. of ma organization or system. While

- administrative relationships are defined in velation to orgsaizatiomal
roles, tasks, rﬁlu. atc. (and are usudlly understood to be “formalized“
sdministrative relationships may vary in terms of elar'i'ty and preciseness,
commonness of uiulcnt;uun; between the parties /nvolved, degree of
fcrmalisation, etc. PFurther, attention must be given to the interpersoual,
intergroup relationships between the parties involved in an administrative
raln- fonship.® We do not include here interorganizational relatiocaships pe
se (though ibcrc may be oon. overlap), as this {s part: of the fnstitutioums
base featur:. : ‘ '

Some isport .t issues could be:

What {s the level of administracive relatioaships under considera-
ticn, (i.e., at in*ern.tional, national, system, fnstiiurional,
intra-i-stitutiona. Javel)? (c.f. Rosenbloom 1975)

What type of organi::tion or organizational unit is involved.' (e.g.:
federal agency, a private businers, an academic institution,
8 rvegional lab, a committee, & task iforce, etc.)?

What is the mode of the administrative relationship (e.g.: line~ -
staff, liaison, matrix, etc.)?

What is the formal nature .f the relationship, (e.g.: 1-gal,
) suthority, voluntary, consultstive, advisory, etc.)?

£

 *See Farris (1972),

99
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- ;M. are the intsrpersonmal (humu'ap characterist.ics of the relation-
ship, (e.g.: collaboration, competitive, conflict charismatic,
trusting/suspiolous, etc.)? (Rubenstein et al. 1969)

-

x 1

- Ve may examine the lhi.uhtuciou function in terms of its chnncur-
istics as & system uul!. Some important issue aress could be:

To what extent is the udministrative system centralized or decentral-
ized? Is this appropriate or inappropriate in te: s of the
level of system ssturation, the nature of the tasks involved,
the nature and needs of specific R/D&I functions, stg.?  (Ruben-
stein and Radnor 1963)

-

To what extent is the administrative system formalized by rules,
regulations, policies, ptoccdurc manuals, etc.? (Hage and
Aiken 1970)

-

Is the administrative system a relatively adaptable or inflexible
(Rubenstein and Radnor)? Part of the administrative systm?
Under what conditioas would adaptability be most meded? What
costs would be involved in changing the administrative systu
(financial costs, system disruption, loss of rersonnel, etc.)?

. 1n. what ways and to what extent is the administrative system organ-~
ized by/dependeat upon specializations (in:terms of types of
smhllnuon:moded within the adminfstrative system; fmpact
i~on th: structure of the system; specialized managerial skills
Tequired . (Andrews and Parris 1967)'2; What types of speciali- .
sations? In what ways are such specializations integrated with

3 )
‘As & general totcrenc. for administrative syscc- characteristics sce
Burns and Stalker (1961) and Zaltman et al. (1973).
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or amud from each otuﬂ What level ¢f techunical
upmuutuu 1s required with regard to the difforent
op -cialisations?

To wvhat extent m adninistrative roles, nhet:u. policies,
selection of persomsel, stc. politicised (i.e., affected by
political dynamics)? What are the -Sum. of political
dynamice (e.g.: internal to the system; pressure groups;
governmeatal)? Row pervasive are the pouucﬂ dynauics
vithin the system? In unm« to vhat fssus.”

., 1s the administrative system relatively adaptable on inflexible? .

Is the aduinistrative systeam relatively adaptible or inflexible?
(Rubenstein and Radnor) Parts of the administrative systea?
Under what conditions wovld adaptibility be most needed?

. What costs would be involved in changing the adnir.strative
systen(financial eoan. systes disruption, loss of personnel, nc.)t

In what ways and to what extent 1is thg administrative lylt;!m organized
by/dependent upon specin zations (in temms of types of
specialization needed within the administrative managerial
skills"required)? (Andrews and Farris 1967) Shat types of -
specializations? In vhat ways are such specializations in-
tc;rntcvci with or disssggrated fro . each other? What level of
technical sophistication is required with regard to the
different specializations?

D. Characteristics of Adminstr: g .

The individuals who are the administrators biing certain personal
 characteristics to the proc.ss of adain: Among those
d\nucmium vluch might be of particu. : ‘{fepnce to R/D&!
eould e m lollm cuﬂmurshxp, r1 . pensity, innovative-
t&rp&iﬂty to change. I




e ‘ ‘ [
| . - -

Some important tssues here could be: .

"
e f -~

‘e

- .

To what extent do the adwinistrators of the k/Dkl system ro!h;:
these characteristics (Relly and Kraasberg 1973) In which

orgeaisations?

Does llu~ impect of and/or need for these charscteristics differ sccord-
ing to R/D&I functions, different organisatiouns within the system,
different lewels vithin organisations, different lsvels of system
maturation, type of immovation, etc. (Zaltman et al. 1973)? -
What 1s the impact of &nd/or need for_other personal charscter-
fstics of R/D&1 system administrators (e.g.: leadership
style: orchestration, collaborativa, political skills)? **
(Cruber and Marquis 1969, Wimeworth 1970, and Pelz and
Andrews 1966)! Under what conflitions? In relatfon to what

.

parts of .the snimr
. N . ‘

-

8, _Adainistrative Tethniques

Various administrative techniques and muthuds ar: uscd to perform

the administrative processes function (c.f. Baker and Puund ivbh,

Brandenb.rg 1966, Cetron and Goldhar 1970 and Rubenstein 1957).

These may differ betucen sec!.rs, betwecn organizstions, according

to tasks involved, etc. -Some important issues could be: '

: What adaiuistrative techniques are commonly used in the P/D&I system?

(Baker and Pound, Cetron et al. 1967, and Souder 1973) How do
the: compare with or differ from those used in other R/D&I

systems and sucto:s?




What adainistrative techmicue: are moet velevant in terms of the
level of lml system’'s meturation, 'the diffarent R/
!ultttau. the asture of the tasks inwolved, ete. r r
end Powrd, sad Souder) '

. Y
/

What are the coaditions which holp or himder the spplicabilicy/
usability of administrative techniques scross differsmt
v sectors? rbmmumuamuumm
B vhich s useful ity one sector alse useful in another sector?
¥ Illot,‘ym? MMM,MM“)

t are the patterns, mschanisme, dimensions of transfer and

system to another? ‘

diffusion of adeinistrative techniques- fr- - ou R/ S S—
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1 base 1s a oritical aspect of any orgenization or
is especially trwe in any R/D&I system whi . .: |)

» involves the human activity o -eativity (Xora-
~ hauser 1963, Pels and Andrews 1966, and Vollmer an® Mills 1966):
« emd 2) 18 highly dependent on communication among individuals
for integration of R/DEI activities (Gruber and Marquis ‘1969, uad
.Rogers and Shoemaker - 1969). It is glso clear tha‘ the peraonnel
base feature is a highly ‘complex feature -- cne which can and

t

0t be analysed from & variety of interactive perspectives. e .

will hure suggest. and u}untmc sone of th_uc por'npocuven.

In broad terms, ve may see the persoane]l base both as a resour::

fnput to the R/Dil syszem and as an output of the system. Fro:

the resource isput perspective, ve vill want to know at least

how the personnel base impacts tln syitem in terms of: tun

skills, perspectives, and experiences, etc. vhich they iriug to.

the system (K cnhauser, ind Pels and \ndrews); vhether personssi

nedded by the system are awailable or not (Nollomen 1966 and

set) and the extept to vhich individual goals and ob- _

8 ure ;lnillt or ’puuuux. compatible or incompatii.le

th r-als and objectivcp of an 1 ay'ucm or organi :tion

© @sdawy 197., Kornhauser, and-She 1954). On the other

T hNANE, the persounel of an R/D&I system may be seen as i ootpu:
¢ *he syutem in the « that ‘the psrsonnel do change a; a

systom aud its organizat » the lnmin; which occurs thrguy:

result of trainicg they fuceive, their socialization tnto th. N
A /\

experic-ces  (Vollmer 1966),and the obsoizscence which ..codrs

through lack of adaptatipn to a changing knowlodge environm
lad_log lack of rest and $timulation of skills.




,,,,,,

One of the flrsr thmn_u would want to i-u shoit an R/DLL systen's -

personnsl base is the, (and poronmgl “expertise’)

 which are ageded by the systen.” Sami taporeant issi e could be:

- L]
L]

- ¥

RN : .
What types of persornel are euruuny nee: é+: odministrative/ .
. technical; scientiste/anginears/ma: 11 serators; skilled/
© seat~gkilled/unskilled; etc.)?

.

What, types of n\:up-l sre needed tn rer ’ the lmtlk-“ﬁl;?
. - weeds/requirements of: the diff. . R/D&L- functions; the -
" . particulax secter; the typg of techmology tavolved; Ene’ paretce-
lar organization (or type of orgsaisation -~ o.g. gove 1 3
aggncy, private. hdutty. university, R&V Mu:iu.,mr
‘organization, ete.); govermmental requirements (e.g.: agg. sex,
race anti-d .crimination laws); ete.? °

-

-

g tmialtutim are needed? What mix, mass and balance of skills

and apoeullnttons are ‘needed?’

*

“What time lines are {ovolved either for tniulng and dqv«topun: pml‘-
:onml or for cnnttug sources of penonnel (.g.: how long does
u take to train a re. ~archer, & disseninu: tor, & tochnical
specfalist, etc.: how long does it take to creste progrems and
institutions to provide such training) ? llhat processes are
required to achieve this training and development?

-

.
»

- ’ h
LY .

. These issuas are typical of those addnnod by any organisation
- or onm ia msnpover plaming -- c.f. H.F. Glueck, s

’o m ) JIOMEE Yisnnin or §
w}, Ana Axbor:  Untversify of rmma.”mum of 1ol
tridl Malations, 1967.

* B

!hlqd.. Dallas; lui..mnmb iods, - ~.

-

P



" What has been the historical pattcorn of the system's personnel needs?

whqc are the prolections for future needs?
| In what ways dare current and future need‘“:1kely to be ffected by such
| factoxs as:  technological changes; changes in the economy; fund-
ing patterns; needs of the sector; marketplace demands and require-
ﬁencs; turnover rates (and what are the causes for the turnover
o v rate); changing ages of current personnel over time; re;irement

rates; exigting or anticipated laws; obsolescence, aging; etc.

.We would also want to know about the availability and sources of neededl
R/D&I system pefsonnel. Some important issues could be:

Are the needed personnel available, in short supply, or in oversupply?
't{\w,
’ What has been the historical pattern of the availability of needed

personnel?
N

What are the projections for future avallability of needed personnel?

What is the impact (short term and long term) on the system of the level

of availability of needed personnel?

Tn what ways will availability of needed personnel be impacted by such
factors as: the ability of the R/D&I system to attract and retain

needéd personnel; funding patterns; technological changes; retire-

X

ment rates; governmental regulations?

‘ What .are the existing sources for needed personnel (e.g.: universities
and colleges; technical institutions; internal organizationa}
training programs; second’caréer personnel;'etc.)? Do these sources
exist within or are they extegnal to the sectur? Are they adequate
in terms of either number, quality or particular types of personnel

needed? If not, can the system provide such sources?

Qr~ -
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-—-What- envivonnsntal-factors affect the versonnel base (e.g.: population
growth rates, laws end regulationy, societal norms and valuas,
state of tue economy, popularity of and support for vuricua fields

of knowludgc. etc.)? a

B. Profosntonl,and Occupations

In addi{=: ion to looking at the personthel base from the general perspec-

~/C1v. of the R’D&I system, we will need to examine as separate systems
those specific professions a-d occ:ipations which are relovar. to the

’ R/D&I system (Becker and Carper 1¢%6, and Kornhauser 1966) .
. !

The development of profeoaioé; and occupation is & differen-iation.
process and as such has all the ‘benefit: of segmentation of tasks and
specialization of knowledge and all the,difficulties of achieving unity
of effort for activities requiring collaboration among ...ff:rent pro-
fessions and occupe:ions. Shepard (1954), Kornhauser, and nthﬂrs
(Budawy 1973; and Barth 1973) have shown, for example, that piofessional
(or occupational) socializution can lead to a lack of congruence be-
tween a professional s values and those of his/her orgavization. Further-
more, tuere are value, goal, time orientation, etc, differcnces among

- various professions and occupations (Peiz and Andrews 1966). These
differences are important to the integration of work within the R/D&I
ag well as to the liakages of the system and its components to rele-
vant sub-environments (especially the knowledge/technology environment).
Issues, therefore, are directed at the degree of diffeentiation of
professions and occupations and the linking processes acting among
professions/occupations aud between professions/occupations_ and their
relevant sub-environments. The questions which follow deal (in section
B) with the issue of differentiation and integration at the systems
level (i.e., bztween the R/D&I system and i{its immediate environment),
with issues of differentiation (in C), and with integration withi:. the

R/D&I system (in C).

Q’)g
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To vhat extent ave the various professions and occupations specif’c to the
sactor in which the R/D4I system exists (e.g.: the teaching profession '
of the education sector)? To what extent are they soctor sparuing
(e.g.: computer technicians)? To what oxtent do they have bcth
sector spanning and sector specific charactaristics (e.g.:’rese;rchorn‘
within 2 specific discipline, whose resuvarch lkillqymithodolcsieu may .
S0 at least partially sector gpanning but who are socialized ‘n/committed

to a specific saector)?

Are there organized associations velated to the pnf:lcular occupations and
profcsnionu? What status and power do they have? Are their zoals
and values compatible or incompatible with the goals and values of
the R/D&IL séctor, system and/or organizations? What is the lavel
of commi:iment of these associations to™-part'cular R/D&I seczor or

-~ system?

What are the entraace requirements/standards/regulations for these
professions and occupations? who sets them? Who implements and
monitors them? Who evaluates potential personnel? What is che
impact of these requiremgnts/standards/regulat1ohs on the

availability of needed personnel?

v

Whaz are the knowledge life cycles for these professions and occurations?

What career paths are proviéed within the R/D&I system? Are ther:
alternative career paths within the system (e.g.: between
organizations, between R/D&I functiors)? Are there alternative
career paths available in other sectors or R/D&I systems? What
are the mobility patterns wfthin the R/D&I system, between

professions and cccupations, between sectors?

What ares the status uystems within the R/D&L systom? Between R/D&: systems? -
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g8 of the System’'s Personnel

Thus far, we have focused on the persotinel base featurc in terms of

~ the R/DAY system. It will also be important to have soms knowladge
about the personnel themselves (Barth 1973, Pelz and Andrews 1966, and
Vollmer and Mills 1966). Here some of the major issues could be:

What are their levels of commitment to the sector, the R/D&I system
and particular organizations?

What is the nature of their motivation (e.g.: financial, status,
responsibility, creativity, etc.)? Are these motivations
"matched" with th: incentives provided by the s;stem?

i

What are the values of system perscnnel?

What are the goals and objectives of system perronnel? Are these
compatible or {n conflict with goals and objectives of the
R/D&I systow, functions and institutions?

o~ A9

What perspectives, experiences, biases, etc. do the personnel bring '
to the R/D&I system {in terms of their background)?

How does the crcativity ability of persounel tend to change, over time,
in respouse to varying institutional and other environmenpal
con<iyions (Andrews 1967)? What can be done to increase the
availahility of creative personnel (Watson 1975)?

D. System Activities Related to the Personnel Base

It will be important to know how the R/D&I system responds to its
personnel needs. Obviously, here our concerns will overlap a portion
of the administrative proceases function and are concerns commonly

. addressed by personnel functtons.*

See Glueck, Personnel: A Diqggpstic Approach and E. Vetcer Mangower
Plnnning for High Talent Personnel Sl "

oo P
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Here, some important issues could be:
What 1s the nature, extent and adequacy of monitoring, forecasting and
planning for the system's personnel needs?

What {s the nature of the system'a incentive systems (e.g.: financial,
position, status, promotion; formal/information; atc.)? Are they
relevant to the needs ﬁnd motivations of personnel? How do they
differ ccross R/D&l £ﬁncc£onc‘and tnstitutions?

-
o ®

ot

whu; are the processes and criteria for recruitment and selection of

personnel?
L J .
What is the nature of the socialization process for system personnel?
What is the type, extent and methodologies of training and development?

Does the system deal with personnel obsolescence through replacement
or training? ' ;

Who sets, lmplemenéi, monitors R/D&I system requirements in relation
to tasks of the system, performance requirements and stand.ards,
etc.? 1Is this done-internally within the system or {s this
imposed externallyﬁ(é.g.i by governmental laws, regulations,

agencies)? How are these "enfor-ed"?

How 1is i{nformation about the personnel base disseminated/diffused
throughout the R/D&I system? By whom? Who uses such informa-

tiun? Are there significant "gaps"?



*

Funding 1s a feature which, at least a: a winimum level of suthe

Ce istication, is easily recognizable as bving significant to the
process of .'lmiov-uon. Indeed, in our analysis of other faatures,
ve have referred repeatedly to issues of cost. However, while
analysis of funding must obviocusly include considerations of
cost, analysis of funding must also include consideration of
sources of funding, lvnihbin:ylobumguuy of funding, the
process and constraints involved in obtaining !undtnﬁ. the sta-
bility of funding, patterns, distributions, and so forth.

. The discussion herein is an extension of Section I.C. "Econcaic
n Environment” in that it addresses issues related to the inter-
relationships between the R/D&T system and significant components
of its economic environment, namely funding sources. .z are
also concerned with the ''causal texture" of the fi.!’ g oane
vironment, which is the relationship among fundicy sources aai
botween funding sources and other components of the system's en-
vironment (economic, legal/political, etc.).

The availability and atcessibility of capital resourccs has been
lﬁM to be of considerable importance to R/DAI in education
(Comuittee for Economic Development 1968); industry (Diebold
Group 1973, Mansfield 1968, Radnor et al. 1570 and Shepard 1969);
agriculture (Carter 1970} and goverament (Denver Research
Institute 1973, Radnor et al. 1975, and The Urban Institute
1971) in both developed and underdeveloped economies (Himsworth
1970 and Shills 1967). The processes, incentives and barriers

involved in obtaining funding for R/D&X while well recognized

have only recently been cxamined in any detail (Denver Research

. Institute 1973, Diebold Group 1973, Arthur D. Little 1973,.Roberts
1969, and the !Urban Institute 1971). This research mnfortunately »

i
R
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- tundsgo COUM{a.y onlY ONA {juue namely, the availabllicy of gove
ermment futding, OtheT, relqva.t issues such as the stability
of funding, laye and “ﬂlht_lonl. risk, urgency, etc. have re-
ceived 0nlY cupgory tFestmant, even though there are indications
that such factgys sre Significant influances on R/D&I (c.£.

‘Mansfield 1963 g4nd ROSETS 19¢2),

Por simplicity .4 have divided the discussiou of potential funding
issues 180 twg parts: 1) the characteristics of the sources of
funding, 804 2y the chiractericstics of the funding of R/DSI.

A.__Sources Of pypdink

Clearly, the chyrscteristicy of the sources of funds will affact
availability ang sccessabiliey. Some of thess characteristics
;fould include 34,0 of the soypces (in terms of personnel and finan-
cial rasourcen) gosli, Procedures, organizational structure and
background &nd g periefnce of gource personnel (c.f. Holloman 1966)
and relevant quygtions Could jpclude:

What are the My jor 90UECes of u/b&l: funding: government sources
(and from yhat leVel of government: 1local, s:ate, federal,
goveribane, of Other couprries and internstional organiza~
tions); foundacions; prg,ate organizations not involved
in the R/pgy system or gector; private crganizations which
are Part of che R/D&X system or sectur; venture capitsl
o;pnluuon., etc.?

In what waYS Arq the SOUTCes gybject to such dynamics as the waxing
and Waning of national {g4ues; political shifts; the general

economic oyimace; degreq of risk involved? Do such dynamics
affect thy yarious f?nding sources similarly or differentially?

L4

— oz
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What 1s the extent of commitment of the (uud!.u source (sources)
to R/DAI? What is the pattern of lundlu (L.e., what R/D&I
funations, what institutions® wvhat innovations or areas of
concern are funded)?! . A é

what factors influence whether funding will ” provided for R/D&I
and how they can be used (a.8.1 laws and regulatfons; the degree
of risk involved; the perceived {mportance or urgency; differ-
ances about return on investment criteria; etc.)?

To what extent do sources of funding integrate their sctivities?
Are their procedures similar or dissimilar?

What #re the financial conditions of the funding sources? How much
of their funds are available for R/D&X?

Vhat 1s the lavel of funding with respect to the sector, the R/D&L
system, each of the R/D&1 functions, specific sreas of R/D&I
concern (e.g.: the asxospace/moon 1landiug concern of the
60s; filling "gaps" ln the (issemination system), specific
Programr/projects, ani as Jelewac, specific insticutions?

Is funding for programs/projects stimulated by field-initiated
propossls © "I By fnndin; agency plans/prograns/requests-for-
proposals? *

. ' . .
what kinds of rctun on invastment do the funding sources expe.t
(e.3.: tmux, new products, system buudi.u)? mthin
vhat ti-o frun?
\

What are che policies of the funding sources with respect to n/nén
With respect to a specific R/L&I sector, system or institu-
tion? ‘

" lug
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" On vhat:basis ln fundirg provid.d (e.;.s htatorlcal bq;io; p#:ceut
S of tncome/ssles; wte.)? .
* W
What types of funding are aveilable from the various funding sources
(e.8.: appropriations from legislative bodies to other govern-
ment agencies; grants; contracts; sales of products and
services; eotc.)? .
Ave funds made available on & “sole sonrce” or only on a competitive
bidding basis? Arxe funds provided on a fixcd price or a cost-
plrs basis? s
. . ]
Hlow do the types of funding diffor in terms of the amount of dis-
crotion and tloxtbllicr the recipient may exercise in the use
of funds?

-

Are the granting agencios able to reospond to short-torm or emergeoncy
R/DSI noeds? If not, 1s thig due to structural or procedural
issues? )

&

Are funding aonrcc Personnel sympathetic to the R/DSLI system or

sector? Do they undoritlnd the particular problems and noeds

of R/D&1? .
aracteristics of the Funding o Di1

The chiracta:lncics of the funding of R/D&I important to this
fnalysis are considered {n terms of both actual and required. These
characteristics include not gnly the level of funds, but the sta-
bility, balance, etc. (c.f. Charpie 1967, Mansfielcd 1968, and
Rubenstein, et al., 1974)., Some {mportant fssues, therefore, could
be:

Is the level of funding adequate to meet 3 particular R/D&I system
need or the requirements of a particular fanovation?

1¢G:;



 Is the level of funding balanced scross the R/DAl functions in
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terms of the respective levels of funding needs of the R/D&I
funcbions agd in teras of the toul flow of innovation from
knowledge pt‘odueuon to kucwlcdn utuiuuoar H

Is the lavel of funding Adoqme to moet the expectations of the =
lunderﬂ :

what cAn/should be done vithin the limitations of the existing,
Aiven level of funding? -

w
L]

Are there uxt'mn levels beyond vhichﬁundélm ma;mce be used
-effectively? (Por example, the amount of’ funding that can
be effectively utilized within the basic research function
will ‘bc limited by the extent of t.he_’u@sung personnel/
insticutional bases.) .

Are there minfmum lovels of funding needed in terms of (for
example) the costs i{n a particular area of innovation, the
peod to maintain (but not expand) the oxuung personnel/
institutional bases, etc.?"

¥

whaz fagtors must be considered in order to determine the level
of funding needed (e.g.: the capital, oparai:ina, patsonnal
and msfintenance costs involved during the various stages
of the R/D&I process; the nature of the innovation involved;.
vhether or not systea building is involved; etc.)?

» what extent hawe fund.in,; patterns tended to "shape" the R/DSI
system in terms of which issues/concerns are emphasized or-
neglected; which R/D51 functions are doveloped or lected;
the focus, character and strength of R/D&I fnstitutions; etc.?
18 the type of funding available appropriate to the needs of
the R/D&1 systom, function or institution? To tho type of
program or' project being funded?

-
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" Was funding tended to be stable or unstable? o .
-« .
ihat Jhas been or would be the short #nd long term impact of furd-
ing instability in terms of: R/D&l system stability and
capabllity; the pouoml and institutional Lasbs of :he
lllﬁ-l system; ohort a.d long cerm roturn on investment:
sunk eoau, whether or not there will be innovation "out~
come” or 'results"; the adequacy of innovation outcomes/
results; ou’.r

‘Over what period (length) of time is funding stadbllicy needed?

Is there a range .f funding levels within which funding 'ﬂ’t—lnc-
tuate without severe short or long term impact? What is
ﬂ this range? ’

Do thase éohlidnuctom vary across the R/D&I functions; across the
fnstitutions of the systom in terms of the relative state of
development (maturation) of the R/DSI systom, functions,
institutions? 1In what ways? ’,

3
»

Pinally, with vespect to cost patterns we may ask what are the
samounts, patterns of expenditures over time, distributi.n
across R/Dal functions and institutions, otc., for which

funding will be required? How will these patterns and re-

quirements influence the funding process?

of costs will/will not be allowable under various fund-
arrangements? To what oxtent can costs be shifted to
able funding constraints?

ava

How well can costs be estimated (amounts, when required, etc.) to
permit proper funding programs? What will be the effects
on funding requirements for change:in cost patterns?

»

lo7
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Y1IL. _INTORMATION PLOW
Iuformation flow or communtcations 1s central to the functioning of
any system. In its broadest sense, inforvation flow is the primary
linking or integrating process among the individuals, groups and
institutions comprising the system and betwoen :he system and its
environment (Kats and Xahn 1966, and Thompson 1967). Because of «the
significance and iwplications of the concept of informetion flow for
systess functioning, it is considered as a separate feature of the

' eoatO*tnll‘onnlytlc framevork, iocaﬁ-o the product of an R/n&!

" process ia essentially information, the tasue s of contéul impor.

tence to RAD and has been the subject of constiderable rescarch

(Allen and Cohen 1969, Goldhar et al. 1976, Molland et al, 1976,
Taylor and ytcerback 1975), ‘

hES

- .

There are many and varied definitions of the concept of information

- flow (Porter and lol;n&s 1976). To try to deal with the definitional
problems, however, is outside the scope of this discussion. Since
our purpose {e te better understend R/D&E ﬁytéwa and their functioning,
it: is useful to take the broadest possible definition of faformation,
vhather or not by doing 80 we are overlapping issues deslt with in -
other features. The process of contextual analysis, as we discussed
in Chapter One, is iterative with parts of the frocess betng repsated
&3 nev understandings or {asights are galned, By broadly defining
informstfon flow, new fnsishts or understandings may be provided rele.

vant to other features,

Most general information flow (r communication models view informatiorn

flov as "an attempt to share meaning via the transmission of messages
' from sender to receiver™ (Porter and Roberts 1976). The key elements

of this process are vho says vhat, by which channel, to wvhom and

wvith vhat effect (Robertson 1971).  In the context of R/D&Y1, Kegan
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( (1966) has developed a "technology t;émsfer model” based on informa-
‘ttion flow between a source and "intended destination. This model

“'ﬁshown in Eigurc 1 summariaea information flow as an interaction
‘1process.(Set also uyErs and Marquis 1969, and Utterback 1973).
¢ Information flow is, however, more than the ‘exchange of information.

“‘-’The concept also subsumes social processes, such as influence, control,

fiand cOoperation. Another element, therefore, is the social system in
which information flow takes place. As Katz and Kahn (1966) state:

‘"communicatioz needs to be seen not as a process occurring between -
agy sender and potential recipients, but in relation to the social
system in which it oceurs and the particular function it performs "

v"Another significant characteristic of information flow in 'R/D&I is
o ,tbat it occurs over time. The element of. time is involved throughout
.,f‘the R/D&I process from need identification to evaluation research
i_and including the stages°in between (Rogers. and Shoemaker 1671). 1In
H'h,carrying out particular R/D&I functions and integrating activities
among functions certain patterns of information flow and networks: of
u:interacting personnel are etructured and/or develop oy experience.
hIt is the discussion of time which distinguishes the analysis of ‘
'fifinformation flow in R/DSI from the more conventional areas of feom~
:;munications research" (Rogers and Shoemaker).
. N o

-] o - -~
. : ‘
8

Some potential issues relevant to eact of the above elements of infor- -

i

mation flow are- described below:

‘JbA."Sources of‘Information ZWho)

. Thayer (1967) coutends that there are three factors of importance in

%uhderstanding'any twoiperson ihteractiona From the point of view of .

“the _Seurce these factors _are:. m,)ﬁwthe source' s»concept of _self, 2) the .. ..

purposes of communication. Some potential issues, therefore, are as .
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”whe:are the sources of information individuals or ‘iustitutions) with-
: in and external to R/D&I and to the imstitutions in the R/D&I
. system’ Are they many cr few? Centralized or diffuse.
From what frames of referenre (disciplines, value sets, etc.) is : .
informatiov sent? '

-———Hnwidp these source'’s view themselves in relation to receivers (e.g.:

important in their own right or d‘pendent upon~teceiyers)°

What perceptions do sources heve about the purposes.of receivers?

. . .
What expectations do sources. have about how information will be
utilized?
- What purposes do sources have for sending information? .

‘Ddes‘information flow accompiish the purposes of sourcez? 1If not,
why not? ' _ e
' Are,there other potential, relevant sources of information that
v are not sending information? If yes, why7’ who?- .
Is there relevant information not being sent’ If not, why not?

N What infor Fion? o )

In what ways does the nature of the sources affect the petential :
availability of needed information? The potential validity
- and relevance of the information? In what ways might the a

potentiel biases and limitations of perspectives ‘of the sources

5

affect the information they provide?

v

Who is not receiving needed information’ Why not? -
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B. _Types of Information (Says What)

The type of information is related to the characteristics of inno-
vations in the R/D&I system which is discussed in the next section

(IX).

One important generic aspect for R/D&I processes involves the question
of idea flow in &/DL&I as a manifestation of informaticn flow.

How i8 the flow of ideas influenced by organizational constfaints on
. k) -
_ . information flow (e.g.: up the hierarchy, or between organizations/
departments) (Baker et sk..1967; Holt 1975, Utterback 1971),

C. Information Flow Channels (By Which Chénnel)

L . N
‘ In order for informatioa to get from the sources to the re..pients,

‘ there must be channels for information flow. Some important issues
could be:

K

What channels exist? ‘ .

Are the channels formal (e.g.: newsletters; dissemination organiza-
tions; journals, papers presented at professional meetings,
formalized inter-organizational and intra-organizational channels
and procedures for communication; etc.) or informal (at meetings;

by telephone as the occasion arises:; invisible colleges etc.)?

Are the channels appropriate? (Do they connect the right sources with

° . the right recipients)? '

Are single or multiple channels used to transmit the same information
- (e.g.: an article 1s printed in a journal, which is then stored

in a data bank and summarized in a newsletter)? . >




,gu& Are the shannels a&equnte?‘ (Ate there gaps? Can the channels "carry"

‘ ' enohgh infofmetien5 Do the channels “distort" the infotmation9
1f so, in what ways? Do the channels "screen" or synthesize*
information?)

uejAre the channels used? (If not, why not? Are thefhaesigned so that

recipients ggg‘assess them? Are they known to potential users?)

<Are information gatekeepers used? Hew do they play this role? Who
becomes a gatekeeper, under what conditions? (Allen 1971, Taylor
1975) | | - .
‘ i . : .
what'types of(boundary spanning activities are to be obsefved? How do
. -such boundary spanning roles as "project manager' influence
-information flows? (Keller and Holland,1975, Organ‘pnd
Greene 1972)

.

D. Receivefs of Infdrmétion (To ¥Whom) )

The characteristics of receivers important to informatien floﬁ.
are similar to those of sources, that is, the receiver's self concept,
concept of source, and concept of the purposes of commuﬁication
(Thaver 1967); It is important to recognize that these factors
:ffare-ihpor;apt only in relation to the source and the effectiveness
- of information flow., There is nothing inherently bad or good about
a perticular receiver's (or source's) concept of self, etc. In
‘the fqllowing, we will utilize some of the iqsués addressed in
Section;VIii A,.dealiﬁg with charaéteristics of information'eourcesl
- in coﬁparisoﬂ with characteristics of receivers, to determine the
,effects of incompatabilities or percepcions between sources and

receivers. Soqg potential issues :herefore, are:

‘ Who receives information (individuala and institutions)? Are they
IR many or few? Centralized or diffuse’




Prom :hat frame of ref erence is fnforzation received? [Are these franmes
oI reference compaciblp or inccepatible with receivers (i.e., do

+

differences ci.se "noise" in the system)? ;J .

.ﬁow d> receivét' view themselves in relation to sources? (e.g.: fo-
portant in ;heit own right or dependent upon sources)? Do diifer-
ences in self concept among source dnd‘receiver create ditficul—
zies i{n information flow?

- -
’

What perceptions do receivers have about the purpoéee of §$ptces?

What expectations do. receivet \ave about how 1nformation will be
utilized? Are these, expecCations similar or dissimilat to those
of the sources of 1nformation° _Compatible or‘incompatible’ I$

f"incompatible, why? What is the effect of .this 1ncompac1b111tv
52 effective information flow?

What surposes do receivers have fof'recegviﬁg 1n£ormac1oné How do
‘ these purposes differ from those of sources?

,Does  information flow accomplish the'pdrpcseq of receivers? If not;

=hr not? ®

-y

t

Are tlere potential relevant receivers of information not currently

receiving information? If yes, why? Who? .

" .

Is there relevant 1nformation not being received? If yes, why? What

informa:ion’

. -®

‘E.__Ucilization of Information (With What Effect)

id -

- We previously discussed the expectations about how information

will be utilized. Clearly we are also concerned with how it

;muiarlgggglly_utilized.‘ Some potential issues, therefore; are:

N SR Ay o e bt < 10 Sk 4 byt e e pe s e s e o e



How {s information actually used? Or is it used? 1f aot,
why not?

Are the expectations of sources, receivers ox.both realized in the
utilization of information? pr rot, why not?

' E._Control and Access (Social 5y 'steu_l)_,

The socifl syatem in which information flow takes place is
manifested in or affects control of and access to information
(c.£f. Katz and Kahn 1966). The issue of control is not eimply
one of authority or position. It is al.o a matter of the . .
types of barriers or blockagas that effectively limit the flow
of information. Tne mannev in which information is stored and

" acces- can also be important in determining what is communigated

LY

to whom.
Some important issues could be:

Who determines what information will be sent or received by whom
and to whom; when' "and what channels and methodologies can/will

be used?

.

’

Is information flow open, or is it limited by laws, regulations, politi~
“cal considerations cost, suspicion, lack of awareness by senders
of the need a recipient has (or, vice versa, lack of awareness
by a recipient that information exists, or what is the source
for infarmaf on, or what channels to use)’
-How iﬁlinformation etored and accessed/retrieved? Is information stor-
' age/retrieval automated?

Who‘determines' what information'will'be stored; how it will be storea;“

what the retrievpl mechanisms/processes will be, who will have

- -ccess to information’
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 G._ Patterns of Information Flow [rvorTime )
We will naed»to ascéicainbtbe'patterns of 1n£o;uatioh‘£low which

~ emerge over time in order to determine both the nature and adequacy
- of information flow, Some important issues could be: LS

" What are the primary patterns of information flow in terms of who com-
municates with whom? 1Is the information flow unidirectional?
vTuo-way but between 1solé:ed sets of senders/rece‘vers: Mulii-
directional amoag & variety of senders and receivers? -

-

. e
i o What sources .. informatioa and channels of information flow are or

_ are not used?

What methodologies and techniques are most used? To what -xtent does
N the inform tion flow tend to be formal or :nformal?

g

'

How and by whom 1s the information flow process- initfated? (Do
users contact producers? Or do producers contact users? etc.) .

Who seeks information and who does not? Why?

-

A specific issue of some interest here involves the interdepartmental
flow of information between R&D and other functions (e.g.: market-

ing or production). Some specific ﬁuestions are: -

How does intergroup climate affect‘1nter-deparcmental information ex- "
' change (Barth 1971, Biller and Shanley 1975, Burns 1961)7

L ) | : p |
. How can couplings and interfaces between such functions be improved
" (Rubenstein et al. 1969, Steade 1966, Young 1973)7 -
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. Networks of Infomation Flow (over Time)

he second factor rejszted tO the dimension of time is the .,
tvelopment of Detwnrks of oMunication or information flow.
ich networks B3y be formalized op may be informal, centralized

¢ diffuse, separateq from OT Integrated with each other. Here
me key issues Cou)y be: '

lere, to what €Xtenr gnd bY Whom are such networks needed?

what extent d0 sycp networks exyge?

what ways aré the petworks conpected with each other?
at networks 8T€ expernal but rejeyant to the R/D&I system?

at impact.does the  xistence or 1.k of ~uch networks have
on the R/D&L gygrem?

what ways areé the petworks effecpive or ineffective?

»

L]

) performs the Varj,,g informatig, processing roles within the
networks (e.g., ¢he role of ""gatekeeper')?
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IX. INNOVATIONS

All of the contextual features we ﬁove discussed thus far have aasumed
the existence of some innovation(s) -- and soie understanding of the
innovation(s) involved must indeed be incorporated in the discussion
of any of the contextual features. Hovever, this very centrality of
the 1nnovations themselves warrants considering "innovations’ as a
separate feature to insure that adequate attention is given during
any analysis. Depending on the type and purpose of the specific
anglysis, the focus may range from consideration of a specific inno-
vation to the broad range of innovations relevant to a particular

R/D4I system or sector.

Definitions of innovations vary greatly in the literature. The term
hag been used to denote both items and processes. In this section
Ve consider innovations as objects, ideas or practices. Further, we
Bust be concerned with not ‘limiting what is or is not an innovation
'80 as not to restrict the resulting analysis.

Bssen:iol to the concept of innovation is the discussion of novelty
Or newness. Barnett (1953) defines innovation as "any thought,
behavior or thing that is qualitatively different from existing forms.'
What cons:ltuqes novelty or difference from existing forms, however,
has been the subject of disagreement among researchers and research

tradicions.

"Innovations" has been used to refer to items which are new in a
state-of-the-art gense (c.f. Kelly and»Kranzberg 1975) as well as
_ items perceived as new -by the adopting unit (Rogers and Shoemaker 1971).

Both objective neimess And perceived newness are important considera-
tions for the purposes of contextual analysis. Ogjective newness is -
-1mpor:oht to the efficienay of R/D&I activities. Ita'importance is

denons:rnced in the clusaic question of library search versus experiment.

i im0 e
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" Perceived nevness, on the other hand, 1g an 1l90ttant factor 1n .
dc:cr-tnxn; indivudual response to an 1dea, prlctice or object
at all -ca;ns of the R/D&I proeesl. -

Thﬁ—lnllyliﬂ of the innovations feature would include at least

three general types of considerations: ryquirements for the innovations,
characteristics of the innovations, impact agd benefits of the innovations.
Katurally, these overlap to some extent, f&: diffusfon of .

fnnovations is dealt with in part Three (Feature No. X1IV).

A. Requirements for the Innovations

R/D&1 system elements and functions consgitute & sct of boundaries or
filters through which innovations must pags. These innovations, in
turn, imposeé certain requirements on thege elements and fuactions,
vhich in gome’ cases require system change to s:commodate 1nnovailous.
The implementation/utilization of an iangvation, for exnmplc, is by
dctinittou a change 'in user elements and fuanctions. sindlar, althdogh
often more subtle, . hanges may be required by aa fionovation or inny-
vations in other system elements and funcrions. .

There is a rapidly growing and diverse body ofﬂiitetatute ﬁhich seeks

to explain the differentinl response to and chc"diffe{enfial imgact of
innovations on R/D&I system clesments and ‘functions, Important overviews
of vntious’innogatton research traditions.are provided by Havelock (1969),
Kelly and Kranzberg (1975), and Rogers and Shoemaker (1971). Despite
the d?vqrsity of approaches and {ntercets in varying R/D&I sectors (i.e.,
‘agriculture, education, industry, etc.) some common albeit.general |
findings as to possible system requirements for 1nnovation-::Ve emerged.
These possible requirements arc as follows. ”

’

1) there 1s an existing and refognized needs.
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2) thare are uloqinu financial and pcuﬁm-i resources wﬂh};ics

3) there is a techublogicsl capacity to absorb innovations (1.e.,
‘ there is s relation betwuan the innovations add the system's
existing opttltion:);

4) there is an organizational capacity (-tr::ctutc snd capabilicy)
to absord innovations;

5) there is an open, receptive mansgement climate and top manage-
ment support for.ionovation; and

6) soclio~cultural and pol:l:tcal/hm envi.;:onunu sre not sigai-’
ficantly antithethetical to innovation.

Some of the possible issues related to these user requirements are;
Thcro!orn-
Need identification - - What needs would the innovation meet?
WVhose needs? How were the needs identified? By whoa?

Level and scale of R&D effort ~ —~ What scale of costs are involved?
L What level of complexity and sophisticstion of technologies is
iavolved? How many and what type of personnel and institutions
- are involved? What length of time 1s required? '

-
»

System mauagement - ~ What impact does the 1nnovuion have on the

sansgemsnt of the R/DSI system in terms of coordination/orches~

. tration/communication efforts; nature/amount/type of involvement
wvith organizations external to the R/DSI system and sector?

. == With what other technologies or aspacts of chc_'

‘R/DSI 'system must the innowation be integrated or coordinated?
What modifications in the existing R/DSI system or specific
technologies/facilities must be made for the innovation to be




ey

. o e utnud’ Hlm: othcr R/DSI system technologies and facii:
: | must be "in placo” before the fonovation can be dm:lope-,.
produced, disgeminated, ucilized?

.State of the areg -~ - wlut -ute of the arts of r.levmc tect=zlogies
1s required by the innovation? What is the current state of
the arts, and is it adequate or not?

User requirements - - What do users expect from the inmovatic:?
How must the innovation be developed and produced fn order for
1t to be compatible with the user's system and capabilitis?
(0k, alternatively, what charges would be required withi= <he
user system?)

Constraints ~ - What Wernmul lavs and regulations impos:
requirements on the development, production, disseminatic:,
utilization of the innovation? What requirements? At uti:
level of government? What requirements are imposed by or:sr
oxganizations (e.g.: Pprofessional associations; the parsizi-

. pating R/D&I institutions)? What socullsocicul constrzi=ts
exist ,ﬂﬂ how would they impact the innovation at a any stigs
of )hc knowledge produccion/knowlcdge utilization progess’
/ﬁe tho tequired resoutcu available or ob..ainable?

-

e

P

/ B. The Characteristics of the Innovations

The characteristics of innovations have been identified as i=.>rtant
. factors which typically act at the latter stages of R/DSI pro:asses
. (1.e., ntkoting/discributionldiuenina:tonldi.ffuaibn, acquisizion N
snd anlountltionlutiuzncioca* ~There has, however, been oz_r
liaiud systematic ruurch on the attributes of innovations L."
their relative importance in R/D&X. The major traditions whi::
have explicitly dealt with characteristics of ‘innovations are cthe
diffusion resoarch, industrial (economic), and research-on-resaarch

S
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- ALth thcu traditions bave deslt with different
types, of .aopur- (.e., {idtviduals and mzrm organizations)
and sactors (1.e., agriculture and Mu-::y) ‘their resesrch has
Tesulted in the development of quite similar attributes of fnmo-
vations (cf., Mansfield 1966, Rogers and Shoemsker 1971 and Rubcunin
ot al. 1974).

?ny and Krmzbm (1975) have shown the simtlarity ‘of diffusion ,
and industrial ressarch traditions in their development of character-
istics of innovations. The research-op-research traditiom, vhile
draving on both diffusion and industriul ressarch traditions, has
tended to further explicate these characteristics. In the following,
¢ have incorporated the work of,_luboaitdn et al. into the Kelly

and Kranzberg discussion of diffusion ressarch based on Rogers and
Shoemaker (1971) and industrial (ecomomic) research based on
Mansfield (1966). It should be noted that we have singled out one

of the characteristics of innovations termed relative advantage by
Rogers and Shoemsker and encompassing Mansfield's concept of economic
mlvnnugc qxor cmidout:lon as ﬂicpau:e sub-feature. (See Section
v.€) | o _,

Mansfield Rogers and’ Shoemaker | Mubenstein et al.

4) Ini.t;ul 1) Compatibility a) with existing Production

Uncertainty ' . Processes/Organization

b) with Corporate Goals

¢c) with Avamblc Finlnc:lll

aud Personnel Resources

d) with Available SKills .

- | ‘@) with Exiating Authority/ &

| | . " Power Structure | ‘  a

) with Technological State-of~
" the Art (i.e¢., need for s

collateral tanovations) S




“f”delo)

; 8) with Projoeted Harka: (Life -

h)~w1th Gavernmanc Laws,

”V{“Regumutiona and Policies

N e
-~ 2) Complexity

a)‘chhnicll_§ophist1¢Ation

- b) Complexity of Design

3) Observability

a) Availability of Technical
Information

b) Rovaity of Technical
-Approach

D2

¢) Type of Innovation

D

Availability of Information
sbout the Cost of Attaining

Market Acceptance and
Desired Market Share .

,e)

Availability of Information
about Sales Potential.

i £) Availapility of Information
g | ' ~ about Development Costs
#  B) Tnictial| 1) Trialability a) Extent to.Which Innovation
L I ‘may be Experimented with on

a Lindted Basis

b)

Initial veraus Total Costs

\’U:In the fallawing we have structured possible issues in terms of

 !03¢:3 and Shoemaker 8 characterization of 1nnovations.

<"1T€Q‘¢biga€ibi1ity=

1

now well does the 1nnovation fit into existing processes. o
technolosies, facilities. skills. etc.? '




1t§;11§3.cycili’OBioloucunco. etc.? Is there an “after-market"?
. . S ;:.y"‘ \u. ) -

Is potcntiul usage tpncinltiﬁd or gennralized? Iu tho inno- .
vation ona which can only be used by a few people or institutions .
(bccauu of skills or facilities required; costs; limited
incornlt in using the innovation; applicability only to a
llnitod'typi of aituation)? Or can the innovation be used by
many people in a wide variety of ldttinéo? Is the innovation
germaine only to a linslc sector? Can the innovation be
modifiod for more wideaproad usage?

What level of quality is needed? Is the level of quality
requirement imposed by the ndture of the 1nnovacion itself,

by users, ¥y governmental laws/regulacions, by safety considera-
tions, etc.? -

. . K

What are the relevant safety considerations? How'do they

affect the innovation itself or the processes of developing/

prodncing/ucilizing the innovation? .

Are there legal/social faccors which could limit the develop-
ment and resulting market for innovations?

Complexity:

Is the innovation relatively simple or complex? What level
of complexity is involved -in 1mp1ementacion/utilization and
implementation/utilization support services?

What is the range of the reliability of che innovation? How
reliable must it be? ‘ ‘
Obse:vabllify:

Is the innovation a "hardware" item, "software" lcem; a process,

etc.?

- lag

Cp
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To. yha: cxtont 1p intornltion aboue cumnulattva costs and .

benefits of :l.uuovnc:lom avnuablc (1.e., costs to dwclop.
producae, duun:lucc. acquire, operate, maintain, providc
support services and rcplaco cho technology and poccntiul
market size, uharn. ‘etc.). '

Trialability:

v Can the innovation be tested? With what degree of certainty ?
At what point in 1@- development, production, implementation?
By'whon,ggg it be Feaced?

- What ara cunulative costa (i.e., to develop, produce, dia-
lcminato. acquire, operace. maintain, provide support sgervices,
replace, etc.)? Are the costs spread or concentrated in terms
of: R/DSI functions; particular organizations?

. c. Iﬁgac: and Benefits of the Ingogg;ions

.

\ Impacta and benefics are the ultimate outcomes of the R/D&I process ¥
and cherefore, require consideration as a separate sub-feature or -
characteristic of innovations. For innovations that are at early

tages "in the R/D&I process benefits and impacts-are_perceived

'9haracteriscica which have been found to be important dererminants'“
df user adoption behavior (c.f. Rogers and Shoemaker 1971)

\ [ .

Some important issues could ber

\\ ) s, v . o
| Who benefits from/is impacted by the innovation (users,
\'personnél, environment, etc.)?

]

s
-

What is the nature of the benefits and/or the impact?

Are there negative "side effects"? What are they? Who or




vhat aapucd\o! the R/DSL systea is nn;ativcly affacted? Can

" tha no;nc;vd effacts be controlled? Aro thny'"adcapcablc"t

\

"Are the biun!lt- short turu or long tntn? How quickly and
for what con%}nuins period of time uill the innovation have
izpact? Dpes| the time frame for bcntfitnlimpnct differ
relative to d#ttcrnn: R/D&I functions, different institutions,
dif!ordnt'nlnél system needs and issues?

S




PART THREE |
R/D&I FUNCTIONS
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To understand the R/D&I systems, one must understand the distinct
functions involved in producing knowledge, translating this knowledge
to useful forms and utilizing knowledge. CISST's conceptualization

of these functions are need identification, generation/research,
development, production, ulrkottnsldiltribucion/d1iocntnncion/diltuqian.
acquisition, implementation/utlization, support services and svaluation
research. That these or similar functions exist and are imporcant

to knowladgc production/knowledge utilization can be shown from the
results of the increasing body of "dl!fulion" “tcchnolosy transfer',
"1nnovltion". or “technological chans." research. The R/D&I

functions considered in the CISST analytic framework represent & ‘
lynthclil of these various resesrch traditions, with their varying
units of analysis and foci consistent with the systemic nature of
knowledge production/knowledge utilization. '

The relationship between the functions considered in the analytic
framswork and the functions considered important in other models
relevant to R/DSI is shown in Table 1. The nodels in this Table
are representative of the doninant traditions of éesearch or reséarch
areas of interest in R/D&I. Three of the models deal with knowledge
utilizati&n; one considering the organization as the adopting unit
(model A), and two the individual (models B and C). Model D deals
primarily with the knowledge production process. The final model,
E, focuses on the transition from knowledge production to knowledge
utilization. In brief, the CISST R/D&I functional model has the
following characteristics and assumptions:

1) Problem solving (model A) and research and development
(model D) are viewed as interrelated processes. For
example, 1{ there are separate Source and User sub-

_ systems, the source must recapitulate or simulate user

/R4




Wi i
JONCTIONS TVWOLYRD [N THS 1/D4/ PROCRIS
Med o (Oeeration]  (Dwelepe  |Peoduetion | Narbeting/ Mulsliion | tolosantas | fuppert | Cwalwition
limtte | Mesnareh T } Moteihutio/ tim/ Betviews | hewedreh
(T T Moswniratiom/ Dilisation
-— e
, Un holm | | — T o
m‘l '] — (I U — Rilise¢
Thoiitio T .
-—-n———-‘-T——qu .
MW. e p———— ‘
Maptor Appteashe LT [ —— [ 1T
Bonal Seclology T
Mm ) Trisl pion
m"“ﬂ-—-—-—
Pbles Mtevn
mum Peteaption
Myt Conptohanaion
‘f " Appoache
. Mthoting Atiude
(b 171 . Thttut
Trialamhdoption 5Disonance
m— M
l. Sonearch Juste
* Developuent § lswrch  [Developr  |Maao | Maag
Losesination ML § st Production i e—y T} T
Iu reported In iplind Tutdg * o ton |
 Navelock 1984) Researc™TR Motoe [Maddaglag | Activities
S—— n’u_ "
;0 h‘m‘ﬂ Yool
mmmqplomuh .
glm':.:u’:a Quest{oag | tvaluation
o hﬂ "—’ nw .‘ Tmevations 'l"m S e nd
. tion | hevareh

¢

1.9




. Stimulate) research and development processas’
(Havelock 1969).

2) Decision making in a systems or otsauiunitonal context
is more than the aggregate of individual decisions
(models B and C). Existing system or organizational
wodels (A, D and E), however, either ignore or deal
only peripherally with decision making (acquisitiocn),
a3 well as other knowledge utilization functions
such as implementation/utilization, support services
and evaluation research. These functions are directly
considered in the CISST wodel.

3) As in most R/D&I models, an innovation need not pass
through each function and in the sequence implied.
These functions and their varying combinations are,
however, generic characteristics of R/D&I.

The two general issues to be addressed in the analysis of R/D&I fune-
tions are 1) how each function is performed and 2) the quality of ikte-
gration asong functions. The important considerations in addressing
these issues are simply thg kinds of things done, the ways in which
these things get done (methods, processes, proctdures), the people
doing the work, the physical equipment, materials and time available
to do the work, and the piuc;ﬂgg places in which the work 1s done.

As lawrence and Lorsch (1969) contend, the actions taken to assure that
each function is performed well (i.e., differentiation, segmentation,
departoentalization) create barriers to the 1ntégratiod of these same
functions. Differentiation carried out in terms of the kinds of things
done also results in ditferences in the de things are done, in the
backgrounds and experiences of those doing the work, in the equipnent,
materials and time resources available, and;in where the work is done,
These differences create barriers to the flow of work and information
among differeant functional groups, departments or subsystems.

130
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*

~—kesussdeating with fﬁmﬁﬁ‘ﬁiﬁ:ﬁiiﬁ ‘sovered in Institutional
Base (Section 111), Goals Policies and Strategies (8oction 1v), !
Administrative Processes (Scction V) and lnlomuon Plow (Section
VIII). We will concentrate, therefors, on the issue of difZeren-
_tiation in the following uc:l.om. touching briefly on integration
only where it seems particularly important to do so. PFinally, the
) considerations which we will deal with in determining the state of
differentiation are:

1) Wwhat i» dons (the function),

2) How (the ways in which things are done).

3) Who (the personnel involved).

4) With what resources (phycical equipment, matarials
and time),

3) Where (physical and geographical location),
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It is generally held in the iiterature that something triggers the
entire R/D&X process, as well as each function or even sub-function.
That something we have called need identification (c. £. Kelly and
Kransbexrg 1975) and is related to the concapts of idea ;cgpructon
(Rubanstein 1963), avareness (Rogers 1962), problem perception
(Robertson 1971) and na¢d assessment (Rogers, Lin and Zaltman as
reported in Zaltman and Duncan 1977). It includes the idea of
technical opportunity as & source of stimulus (or trigger) in that
such opportunities are seen to be responsive to actual or poten=
tial (future and generatable) naidn. It will be vital to consider
thess two aspects of need identification. Similarly, the issues
of need identificlcion and need stimulation are closely related.
Many neecs VYexist” simply because they have been stimulated (e¢.g-:
by advertising). Where it is appropriate, the idea of need stimu-
. lation 1s to be subsumed within the more general term (as we

have used it) of need identification.

While need identificadion is important it is also quite difficult to
analyze. It may be done at all or any one stage of the R/D&I process
(Kelly and Xranzberg) nnd,‘tharefora,kcan involve a variety of ‘
persons, institutions or roles. Furthermore, the methods, processcs
or procedures of need identification vary across R/D&I functions
and among individuals, institutions or/roles within functions. The
ubiquitous, variable nature of need identification helps to explain
its messy treatment in the l{terature and indicate the difficultics
in analyzing this function. Because of its 1n§ortihce, however, such
an analysis must be undertaken, considering at least the follouing
issues a3 indicated in the Part III introduction:
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Is need fdentification done all stages of the R/D&I process?

Is need identification an ongoing, iterative process within the R/D&I
system - - or does it tend to be “one-time" and/or “"one-way",

Does the system ettempt to project/predict probable/possidle needs
"down the road" or respond only to the "immediate,” currently
“oressing” needs?

" Does the system intervens to gensrate or stimulate needs that csa
be satisfied by capabilities it possesses or could dovelop?

Are the need identification processes responsive to user demands?
Do the processes attempt to create user swareness of needs?

* Are need fdentification/stimulation processes responsive to
' changing/feasible technological opportunity?

Does the R/D&1 system differentiate botwsen the needs rolevant to
different R/D&1 functions, the R/D&I system per se, and the sector
served by the R/D&I system?

B. How

What are the initial need identification mechanisms?

What need idenl:tﬂcaum; methodologies are available? Utilized? Why
and with what results? Are they appropriate? wWhy are some
mathodologies not utilized?

How do geps in the knowledge/technology base or in the personnel or
institutional bases. affett nced identification processes?

or—
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 What are the screening procedurss?

%

~ How are needs commnigated (so that they lead to potential innovations)?
¢ Prom whom and to whom!

How t.n'”mdl" translated into "solution requirements''?

How are the various need identification processes voordinated,
orchestrated, managed?

x

How does the system coordinate/mediate/integrate differing percaptions
of "needs" (-.;.: basic researchers tend to define "noeds"
differently than do users)?

Hava need identification processes been stalle or ynstable over time
in terms of the institutions, personnel, mechanisms/methodologies

involved?

e €. Who =~ - Need Jdentifiers/Stimulators

“:What institutions are the primary need identifisrs? Why?

‘;;K_Hi‘th,iu these institutions, what organizational units or positions
.»;] are the primary need identifiors?

What are the characteristics of the organiratfons and the personnel
who are the primary need identifiers?

2 * MMVCCI

What are the resources (equipment, materials, personnel and time)
.devoted to need identification; to need stimulotion?

134
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- APS vOsources !'m;ly 8llocated to need identification procusses?
To vhat extent are the need identification processes formalimed
or informal? Ceatralised or diffuse?

| ®
| Are persoanel trained specifically for need identification? Are
, there specialepurpose need identtfication technologles?

A3
* N

Under what sorts of pressures does nnd.ldcucinunon operate? .

l:_!hgn

-
+

»

Are the need identification Processes primarily located within a
relatively fev of the R/D&I system's institutions, throughout
the overall R/D&I system itself, throughout the sector, or out-

side of the sector? Or is need fidentification done at all thne“ ‘
levels? :

Are the need identification and need stimulation functipns inte-
grated or differentiated?




' generation/research functi

The nmutmlmoh tmuon ancompasses um is em«lly called

~basic and applied research and 1s concerncd with the development of
_ 8ew knowledge whether with or without & technical or commercial
: objuﬂvn (e.!. Hamberg 1977. and Kelly and Kransberg 1975).

Before looktu at the typeqd of issues or concerns inwlvod in the

discussion. Pirst, our rn here is with wvhat may be cnnod
"daciplined inguiry" (thou;h we do not deny the poutbincy t.luc
fiew knowledge msy result by some "un-disciplined" ptocess). heand.

" we use the double term "generation/repearch”. to indicate that

"disciplined inquiry” is not mnuuﬁy limited to “researchers .-
doing formal ressarch in a formal research satting ." Thus, uhilc
our ducuuun below !ﬂl focus primarily on formsl, organized re-
search, it will be important to know where/how/by whom new knowledgs
is being noduud outeide .of the formml rnu:ch setting. Third, we
have deliberately avoided. uzuu up a detailed ‘*typology" for the
generation/research function because relevant ‘typologies lpmt to be,
cmtnx:-lmlﬂc. We do find, hmm, some usefuiness in thinking
ot gcmuu?nltcgmch in terms of three general types of processes:

1

1. lutch (1.a., determining what kniwledge alraady exists);

2, generation/research per se (i.e., the creation of new
knowledge) ; '

3. -lmwledga synthesis f(t“.e. » the ‘te-coﬁ'btnation of knowledge

» ¥ need to set a framework for our u

“t

- lnt:o new forms - - which could be considered a particular

*

:ypc of m—knowhdn production).
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controversy as to the
'ttsgpting to distinguish between types'

lpplied”?we will%use these terms in essentially the following ways:
n’bssic" as'applying to. researcn to produce knowledge for its own
‘V,Jsakeg(albeit in areas of interest) and "applied"‘ds research to’ .
produce knowledse relevant to a particular problem or issue. We 7
are not,.and we ‘do not expect the reader. to’ be, satisfied with this
differentiation dcross all. contexts, and the literature provides nol
other satisfactory and generally applicable resolution to this, §
question” " o ) : : | -

What kinds (d!sciplinas, ‘areas of inquiry, basic vs. applied) of-
‘r'j-ageueration/research activities are there within the R/D&I

system or aector9 s A “
L N : . v . . P ) .
N “.‘ ‘, - - . ) [ coe 1

-

What 18 the balance among search, genération/research,,and knowledge
' syntheses processes’ L . e S y

What relative priorities are given to basie research (the search for
S fknowledge "fgr its own sake") .or appliedfresearch (the search

Aruitoxt provided by Eic:



Q"diaciplined inquiry"'occur outside of formal research
oettinss? .By whom?’-now? With what tmpact on R/D&I?

-~

o)

Hhat methodologies tend to be used? What methodologies are the. most
valid reliable and feasible with respect to the type of inno-
' vation and the sector invplved9 '

'7 Is the’research done within a single discipline, or is it multi-"
disciplina:y? - : :

. How is the R/D&I system's knowledge base “tied into the relevant
disciplines“? ‘

. -

" What are .the information sonrces, channels of communication and
retrieval mechanisms avéilable for use in the search and/or ,
knowledge syntheses processes’ How adequate are they? Which
ones are used or not used’ wno uses ‘them and who does not’

What ‘are the linkages between basic and applied research within the

v R/D&T system’ Betweeri researchers’ Between research organi-

'_ zations? Between disciplines? Between R/D&I systems’ Are.

* there gaps? Are existing linkages used7 If not, why not?

By whom? . l | ’

5 ) - .
. . /

what'competitive dynamics andﬁpatterns are involved in.thevresearch i
‘function (e.g.: status; ‘proprietary rights)? Involving what
»researchers or research organizations? Are there problems oi

t

»secrecy? C ‘ o,




-

Is research being done by individuals or by teams within individual

- D What Resources

institutions or - 1n cross-institutional settings- etc.?

Hhat kinds of institutions are inmolved-‘ public/private, profit/not-
fbr-profit, university/industry/R&D organizations/government-
etc. ? where are the "centers of excellence“? Which are
developing?

et
- i

s e T

Hho controls decisions concerning funding,of research; setting of -
research priorities? What ,is the role of’users” in the setting

of research priorities?-* T .

. o "y
e e

e R

- ' \

What is the level of resources (equipment material, personnel) devoted
to generation/researcn? By area of inquiry? . By discipline? By
process (search vs. knowledge synthesis vs. generation/research)?.“

What is the_availnblevknowledge base? How is it changing?

What is‘the’level*of maturation of the knowledge base and of the re-

'search.function,in a specific R/D&I system?‘

Are'personnel trained specifically for generation/research? ‘Are
there special purpose generation/xesearch equipment, machines
and suoplies, methodologies?

i

. Within what sorts ofntimeupressores does generation/researth operate?'

What stability of funding, institutions, personnel is needed? Does
this differ across R/D&I. sectors or in terms of particular types



of innovation? What has been the pattern of auch stability?_
Hhat level of etability can be projected for the future?

: What 1: the rate at which the research function can be built or

axpandedr’ S - T . o
E.‘Where .'- N - ' @ s ’ R ‘-‘.' ,. . ' ‘ o

¥
- °

i Are generation/research activities located within a relatively few

- 1nstitut1ons, throughout the R/D&I system 1tse1f throughout
the Sector, or outside the sector? 'Or 18 generation/research .
done at all these levels? S | S .

- i . . .

Are these institutions 1ndependent or embedded within operating
B _ organizations (or both)? If the former how autonomous are
R they? . CoL ’

o . N . ' o ¢

To uhat extent are research activities centralized or decentralized C

with the sector/the operating 1nstitutions”

N -

ERIC

Aruitoxt provided by Eic:
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i

.tlkes exioting knouledg and trensfornu it into a fom or format wbich

':acopo and endins when the dcvelopment output is ¢ diﬁ;ﬁ:grﬁg:oduction
i,or ase. In practice linkegee to the research function may be" ak
‘ﬂtand there may ‘or’ may not be a clear aeparation of the development
k‘vend production and implementation/utilization functions. y”

)_

. A what

Is the intended development output simple or complex, large scale or

small scale, expensive or inexpensive? Nhat mix of technological
skills is required? '

What are the implications of the nature of the product on: the nature
of the development process required' tbe type, mix and number of

personnel required; the feasibility of pilot testing, evaluation?

What support materials (e.g.: instructional manuels) must be developed’

f'{ What support services (e.g..‘ maintenance) will have to be provided?

At what point is the development output ready for initial field test-

. lng’ At what point has the development output been sufficiently
tested to permit production, dissemination and utilization?

IO

Are developers creating development outputs which are in fact "out-

of-date" because the state of the art permitp superior outputs
to be developed?

JAruitoxt Provided
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~

mut: are t:ha producf.' and process design tequirmnts? Bngineering
roqummnts?

‘. g. How

L]

Il :hc dmlopunt: process being done in clear and separat:e staps?

What docuiom are mudo 1n t:hi.- process? ‘ p

What ‘steps are or lre not: needed? Are any "needed" steps being omitted
or done inadequately?

How and what kind of quality control is done?

To wlu.t' extent (and in what ways) does the developer seek and receive

additional information from users during various stages of the -
devulopmnt: process? What are the commnication linkages between

deve lopers and producers?

&

g Do the developeu provide support services to producets? To users?

-

a

»

What kinda of support services?

m}a: is the extent of clarity and certainty in process of need identi-

fication (for development out:put:s)? Can users clearly specify
what they need? Do developers know exactly what users mean? 1Is
the developer then able to say with assurance to the uger: "'rhis.
development output is what you asked for'? 1s-it t:hen obvious

to users wlut: to do with the’ developmnt: output?

To what ax:em: is it relevant to focus development on technological
opportunities (i.e., in the expectation that once developed, the
- output w:l.ll be seen by users as "neéded")? To what extent do °
the'developers attempt to "forecast" pot:ent:ial user "needs" for
" development out:put:s based on technological oppottunities? How




.
e

ﬂia ouch "tocoonoetng" dono? By‘uhon (i.o.,, by the devolopers,
by use of. oonsultauta, by producoro, by markocing dopnrenon:s'
"ote.)?

Io whl: ox:on: is the dovtlopuont process ltinnlaced by/informed
by tcsolrch activicy ‘and ‘scientific knowledgo as opposed to -
bcing self propollod by the atate-of-cho-dovolopmonta1-arcs?

Is development being done by spocinlizod devolopmon: or R&D organiza-

_ ‘tions, by a’ devulopm-nc deparCmont of an organization. -or by
o E uaoro? .

e

| What organizations are doing development? Are they: private or pubiic;
profit or not-for-profit; large acale or small scale- sector-
opecific or sector-spanning? Whac is their commi:ment to the
sector?

A ' "
. -

What is the fanso or mix of development outputs on which the devel-
opnonc organization works?

' i . -

Who dooa/ohould do evaluacion of development proposals, projects, out-
;j~‘ f" o puts - - 1.o., what should be the evaluation role of developers,
' users, rosoarchors, funding agencies, etc.? '

D, Resources o ' L ' ’

Hhtc lovol of resources (equipuonc, macorialo, peroonnel and ctmo) are -
noodod/dovocod to development?

What are realistic i:iuf lines for development? What affects the time
lido”(o.géz nature of the output; availability of personnel,
tunding, -upplioo- laws and rogulocions, etc.)?

Aruitoxt provided by Eic:



Hhat kinds and uhnt levala of okills and technical sophistication do
“;the devclopers need to hnve in ‘relation to particular types of -
products (devclopnent outputs) being developed’ What kinds and
what levels of technical. aophiatication do the various developers

’:currently have?

R S

1s testing feasible? What does a test prototype cost? Are required

technologies and facilities available? Are the criteria for
“"revnluation simple ond clear cut or complex and.hard to define?

What constraints are there .in relation to' development outputs
(e.g.: existing manufacturing facilities and technologies
cannot produce the development output; cost of modifying or
replacing existing equipment' legal regulation' social
pressure; etc.)? Are developers aware of/responsive to such

constraints? . -

To what external influences are the developers most vulnerable (e.g.:
high dependence on government funding in genera] or in relation
“to a particular set of governmental agencies; fluctuations in
priorities given tomtheir‘particular areas of developmental
concerns; etc.)? Are the developers flexible/ndaptablevin terms
of their areas of focus, the clients whom they serve; their
mix of technological skills, the changing social/legal/

. economic/political environment etc.? . Y
E. Where

.
’

‘Are developers many or few? Centrally located or geographically dis~

persed? Located within institutions performing other functions
or in specialized institutions?

Low




‘ XIII. PRODUCTIOR = . .

- “IheVE;;duction function*is a critical R/D&I function within the
o OVerallrflov of innovltion from knowledge production to knowledge‘uti-
lization. A central issue is wvhether or not thc production function
can hnndle the results of R&D (Abernathy and Townsend 1975). Thus, to
do research and dave].opment without considering whether or how the R&D
outcome can/will be "produced" is to risk slowing down the translatfon
of innovation from knowledge‘production to knowledge utilization -~ -
or even (at worct) to risk mnkins R&D outcomes - 'meaningless in relation
. to utilization (Havclock 1969 Zaltman and Duncan 1977).
In addition to the impact the production function can have on the over-
. all R/D&X pProcess, we may note that the dcsignins of production systems
is a process of ianovation itself. Further, we also sometimes find
the development function occurring within the production function as
C efforts are made to adjustbproduction.to R&D outcomco. Also, we must
take note that in‘nome sectors of fields of knowlcdgc; no clearly |
differentiﬁted”production function is visible, but rather it 1a
embedded in a development function. This is most common where
‘the product of the R&D syatcm'is a procedure or a new perspective
rcquiring only some form of cchmunication—(an announcement or a
paper) for the innovation to be disseminatable. In these cases the
production requirements can become trivial and able to be handled from
within'dpvelopment. This is not to be taken as iénoring the
importance of such production functions as- publishing, T.V. pro-
- duction, ete., which do repreaent differentiated production’ '

funct fons.
A. What

i: o The. icsuc of “'what" is produced involves a description of the
' ' innovations. This is dealt with under Feature Ix- Innovations. -

n

-

e R e I e L e




What are the ptodpctlvét processes produced? Are they simple or com-
Plex? Large or small? Ewvolutionary or radical changes from o
existing products or processes? ‘ '

T

‘What is the scale and scope of production processes?

Is production done in single or multiple unit processes? Are these
~ continuous or separate? 1o what extent does the work of one

. production unit affect anotheér?

‘How must the product be designed so that it can be produced with

’ : exiutigg fhcilitiea and equipment? In order to meet specifica-
tionl? ,In order to reduce costs? What relative emphasis is
to beiplaoed ‘on cost vs. quality in product design?

What are tﬁ;’engineering reduirements of production in relation to J
the nature of the product and the facilitieslequipment involved?

% -

Hhat are the requirements fbr designihg the production system (e 8.: ;
building facilities)’ How is this desigding Gone? By whom?

What ;re the requitements for prbduction élanning and control (e.g.:
how many are to be produced in what order)? How might suck
tequlrements constrain the production of new innovations. What
methods are used? ) . '

v
” . - -
-

What iindq of production operations are called for (e.g. : automation,
asgembly line, continuous process, intricate/sophisticated vs.
unskilled operations, ete¢.)? What kinds of in process (mater-
ials handling) ;Fﬁnspotcation are needed?

How is quality cdnétol‘done? How rigorously? -

-



cu mn of the woduction prouu be subccn:ucua? Are they?
m p-ru? ‘ )

- A
B .

Au ptduczlon tcchniquu snd futuciu relatively "fixed" - - or
e -they uhpclbh and t’lud.blc‘! -Bow 1in mpnun:yl flcxiblluy
nffocud by the nature of the uchuolcgy. by the mhluopc of
prodncuon :oqutrutnu and costs?

"

-

How does the nature o: the materials 1pwind affect produotion? . Are
" the materisls reactive? Are the materisls easy or difficult to
work with? Do cbay have to be cunoponcod, stored? Do t:hty

\\ have to be transformed? R
- \\Bw is- the choice of production technologies influenced by the
B \. lvuhbi.ncy/co-t of labor,materials, energy lourcu’.
r N\ transportation, etc. (factor-endowments - in economic

, . terms). What are the mpu.utionl for the "appropr:lacencn”
of various tachnologiu?
-~

c. m‘o K ’ . ) ‘ . .

Is- produ’cc:lodabeing done by -pecﬁlim production or from written
- ' R&D organizac:lon:, by a production department c¢£ an organiza-
tion or by 8 separate user orgenization?

- Lo
~

) What arganizations Arp carrying out the production function? Are they:
. private or public; profit or not-for~-profit; l4rge, medium
or small scale; -éctdr-apecific or sector-spanning? What
is their commitment to the sector?

“ : v ‘
Who chooses the pFoducers? How? .

C T va
# *‘.’f.‘




. z
What level of’fiaourcci (equipnent, materials, personnel and tixne)

are utilized in produccion? - -
- i [ ” ' .

-+ 'Ave specislized personnel required? Is cooperation among personnel
Tequired? Are personnsl available? Are there any special
personnel constraints that could affect production (e.g.: ’
union regulations)?

i

N -

Are :go oroductioa processes of sufficient scale or scope to neet the
requirements imposed by a specific R&D product-or to produce
sufficient quantities to meet user needs?

What are the technological characteristics of productibn techniques
and facilities? 1Is the available technology appropriate and SR
‘adequate? Is it "in place”? Does the production process require
sophisticated technology or relatively simple :cqhnolb&xzrmw e

. What is the rate of g&::g:fza_fﬁb development of new production tech-

nology? ‘ ‘ :

L -

What are the time pre-suregwinvolvéh? Is obsolescence a significant
problem? ‘

.

What costs are involved? Does production require large or s=:all
scale capital, oboration and/or maintenance costs? Are there
any special patterns of cost expenditures to be considered?




E
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RIC

Are ptbdncou mr.raliy l:.va,cod‘or geographically dispersed?

Au tlnn any cpccul rezional, localhucc, or m:emtioul < et

" requirements or pacum? > 4 u
.\re there any uqulrmnts to pluc produceu near users, utqruh
sSources, enerzy sources, cr&nnpoﬂ:uion 1i.nkn,. etc.? .
. 10‘1‘ . ) N ./
3\t -
. . * i , ’\' - ¢
L3 »
¢ - .
L} ) '
- N 1 ’ . .
{ . - . .,
o L .z «
' s . . 4
. . - v
, ‘ . ' . .
»111; - - . . -
. .
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Y an R/D&L lyﬂ:cu couprius all tbc funcum rulatcd to knouledze
 production xP) and knoviedge utilization (KU).  For R/D&I to com-
prisc se _Q_JLS systen. Ehere must’ ;be a "bridge" over uhich the work
dono m lmowlodgc produc:ian can be “unt" Lo users -« or, canvcruly, -
. | ovor which’ users, my co::e to "find" thulu of knowledgé p:oduction
:" " vhich are uscful to :hm {c.f. Robcrnon 1971,.and Zaltman and
" Duncan 1977). Siaihrly, i‘urc nust be -uch ‘a two-uay bridgo for
knowledge production persazael to learn about user pudu and for
users to communicate their aseds to knovledge product!.on personnel,

.

Such KP-RU unkn?z activicies may be (and are) ducxﬂnd vuriou/ﬂ.y.
Al:hoosh no u.nsh descri: tive term would likely be adequste to
‘ ducribe all such K2-KU 1: ...dns activities, the foilozning four .
| " tems or. categories reasozadly well capture the types and broad-
ness of KP-KU linking acti-ities: marketing (which is a produccr-“
oriented description); diszribution (uhich lmplies the methods
by which and the extent to “hich KP results are made available to
' uurs), dissemination (wh’ c'\) has & more general, broad 1n£orucion
_ flow connotation); and diZZusion (which implies - less proactive
. = process than the ‘1:3: tp-'n terms). We recognize, of couru.
. -chat: these are not conyle.e ly discreect concepts; that, indeed,
. t.hey overhp significantls; and that the terms are oﬂ:en times
 “ variously defined by va:‘.‘au: people. wg also emphasize that these
KP-KU linking processes izclude both user-user aad KP-KU comuni-
. cations (Havelock 1969, and Zaltman and Duncan 1977).

3

* . ‘
A * ml.c ’ " ¢ ..
& . * - -
¥ &

What are the marketing, ecc. unpucaciom of the products being 2 : B

', simple or complex? 0OF there being many or few products? Of
the products being "rard” or "aoft“"

*Sec aho lfuturc IX: Inno vacfgn , S ;

e , =k




uodiﬂoa Sy‘chc wa.y thoy are pnomot:ud and diuminaeed :o

!:nchou and uudcnn.) -

a ' .
. et .
", .

~How do producl: chaqactotiuica Ln!f.oc: the 'nquiromm:u for mrkntins/ '
diuri.butlonldhsomlmtimldiffuaion mechanisms and ayaccms?

i ' u_

.1’) ' ] \ - ¢
What: aro the vimglicatioqs’ of thcre being a cmu VS, large "mix"
oot produe: :ypea? o . , ‘ . .

' Al " ~

: oA : ‘ : .
. * - B . .

%ac kindno! mechaniams, ma:hods. syataus are. moat appropriace in -
relation to specific typas of producca and/or to speciﬂ.c types
of users?

] . - ’
. .

What 1a'the leval of user trust in relacion‘to tﬁibproducc the
\producnr., tha market1ng/distribuc1on/dissemination/diffusion

o -

ays:m" . ‘ S

. . x

13j}5_f‘ Under what coﬂditions would different methods be considered cost/
T ' effective? ’ '

A

ﬁhac_méthbds hnd'channels are being used? Are not being used? hhy
. N ' " . '
not? T L e . :

T -Are thetu alternative channels, or are users dependent on a
‘ single linkage to knowledge producers? If so, what happens
1f it "fails"?

. Are various channels inter-connected or fragmented?

¥
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YI- the matkcﬁlns/dtl:fibutxonldinnominatton/dirtﬁli~1 system user~

driven (1.-.% éssentially controlled by user') or u-or-orioatcd
{%;ﬁa.fﬁhiii“uutr*znput ‘is taken into account, their input ia N
not determinative)? What mechanisms are used 0 "stimulate

vuner:domand“?h

What is Eho‘lavnl of R/D&L system maturation? How does Ehin‘affcec

'the need for/rclevnnco of different marknting'dis:ribution/
dilseminntion/dif:usion mechoda and approacies?

7
(

What linkazes exist betaeun the markectng/dia:ribut an/dissemin*tion/

. diffusion on the one hand and ra:earchars/deve-opera/producers/

* m—————

users on che other? Are there significant "gaps" in the system@

- What mechaniams are used in marketins/diatribution, etc., for

. C.

quality control, storing, retrieval, packaging, and cailoring?‘

- What role is played‘b? intercediary linking organizaziods or personnel?

Who

B

What cypea of organizations are involved in marketiné/distribution/ -

What

disaemination/ diffusion within the. R/D&I systex or in relation

~to & particular X2 output or set of KP’ outputs (e.g.: private

or public; profi. or not-for profit; producers/u:ers/intermediaries)’
What are tHeir rnsgnctxve roles? What is their level of pro-
fessionalism? What is their commitment to a particular sector?

are the chnracter:;tics of these organizations («.g.: large or.

small; sector ~spaecific or sector-spanning; levei of maturation;

" stable or unstabl:, etc.)?

What

™
are the 1mplica.-a*s of there being many potential users, or

only a few? Of users Leing aggregated or diffuse’




')

-1%0 -

Whlt are yF implicu:ionl of there bcin; many.potnn:iul users, or
|a few?

onl

" Axe the poéon:ill users roll:ivnly'ﬁomogoneoul or heterogeneous in

:arqn of: needs; interests, acquisition/implementation/utilization
capabilities, geographic }6cition, type of organization, etc.?

-th: are the en:ty points into the user system? who will make the

acquilition decisions? Will thelo be different in differaent
product types?

What are the typical user patterns of adoption of innovations?

What contextual constraints are there in the user system (e. g.: lack
of rolources to acquire~ burdensome funding or bidding require~
ments; low level of select1on/testing/ev31uation or 1mplemantation/

utilization capabilitiel)?
} -

) ) g
What level of awareness do users.have about a product; about their

need for a produc:?

18 it relae1ve1y easy or difficult tp 1dentify'which users are the-

relevant potential target population? To identify/define the

needs of various users?

What motivntional constraints 'do the users have in terms of motivation
to study, test, evaluate, implement and/or utilize a product
(e.ge: time consttain:s, training requirements, prior bad ,

*

experiences, etc. )?

[y

What effects do the above considerations have on requirements for
marketing/distribution/dissemination/diffusion mechanisms and

systems? On pelicies and strategies?

%

Who monitors the narketing/distribution/dissemination/diffusion

mechanisms and processes?

153




What iov'l of priority and resource commitment is given to markating/
distribution/dissemination/dif fusion? ‘

‘
&

Axe there lpeﬁial mltkecing/dioct1bution/d1|lcm1nntion/d1f£ulion skilla
required? Special materials? Equipment?

s

What are the time pressures involved?

E. Where

Is markat1ng/d1atr1bution/dinuemination/diffusion centrally located
or geographically disperaad? In relation to reaenrch? In
relation to users?



XV, ACQUISITION .

Acquisition has been generally considered as the ond point of most
models of the R/D&I process, but is far more broadly conceptualized
"in the CISST model. Existing modals of the innovation-decisien
nrocoi- are, furthermore, based on the individual as decision
naker (Rogers and Shoemaker '1971), whereas we recognize the impor-
tance of dealing with it at organizational as well as individual

levels.

Acquinicion processes in ékganiautibna are conceptually lesa procisc
than individual processes (March and Simon 1958).\ Acquisition
decisions can and. do occur at almost aﬁy or all stages of the know-
ledge utilization process and, for that matter, can be reversed
later on. There are a varioty of different individuals and groups
potentially involved in these various decisions, and decision
making need not always be formal. In short, the organizational
innovation-decision process is dynamic, complex and stochastic in
nature (c.f. Zaitmnn, et ‘al, 1973) and therefore difficult to
analyze. " !

A. What

What are the steps in acquisition processes? What defines/describes

an acquisition in different contexts?

Are users aware of their needs or "performance gaps'? And does this
lead them to search for innovations or do innovations create
needs?

Are bids used/required for innovations?

Is testing done before purchase?

Is the evaluation formal or informal?

155 -



" Is purchasing formslised (purchasing agent or department)?

,
3

Is the acqutntcloﬁ process relatively simple or complex? Contralised
or diffuse? ' ‘

B Hov

In vhat ways do usors bacome aware either of their neods or of inno-
vations (e.g.: from need surveys; pressure from the environment ;
critical events; public;ciono; informal communications; meetings;
marketing efforts of producers; etc.)?

_ How extensive is the search for innovations?
What is the bidding process? Iiecn it exclude any potentia' supplieru”

Are the budgeting ard bidding processes glexible:or rigid? What time
lines are !nvolved in budgeting and bidding processes:

How extensive is the tecastine ~< innavations by acquirars? that are
the rating crite.ia uscd in such testing? ‘

On what basis are purchiase decisions made? What are the rating

criteria used in purchasing?

Are there any kinds of cocperative purchasing/lcasing arrangements
between institutions, between agencies of a level of govern-
| ment ‘2,g.: police and fire departments) ctc.?

To what extent is thc acquisition process formalized: Which steps?

P aitiask o ‘ .:v:n .ot
What laws/regilations or orgenizational policies/regulations affert

v
£

the acquisition process?

[l

2 15¢




ﬂhnc types of individuals or or;uni:cttouu are the UIltl of the
1anovn:ionl(privneolpubltc pro!ih/no:-tor-p:o!tt/non-
profic; llrgo. sedium or small; llc:or-npanntng or ssctor
specific; etc.)?

What personnel within user organizations are tavolved in/have
authority over: the setting of criteria for testing,
evaluation, purchasing; deciding vhat is "needed"; making
purchase decisions; etec.? .

What are the roles of: producer personnel; intermediate agency per-
. sonnel (vendors, professional associations, disseminators,
"clearinghouses", etc.); "product champions'; and user
personnel (purchasing agents, engineers, higher level decision/
. policy makets, users-of the innovations)? -

Are the personnel who make purchasing decisions differcnt from the .
personnel who will utilize the acquisition? Would thc
personnel who would utilize the acquisition be clpable of

' making technical evaluations? Do purchasing personnel use
different acquisition criteria than do the personnel who would
utilize the acquisition? How are such differences resolved?
With what effect on acquisition decisions (in terms of the value

.

of the acquisition to the personnel who must use the acquisition)?

D, kReaources

What is the level of resources devoted to acquisition processes?

What are the technical resources (e.g: for testing) of user organiza-
tions? In rel--ion to the requirements of the innovations? Are

these resources adequate?

-




!

mant, search, test, ovnluneton. purchase, atc.? M:tvt:in?
Are these personnel available?

Are special purpose materfals or equipment required for any or all

of the steps of acquisition? Are chn-o materials or cquipmnnt
-avltlublc?

What are the time prossures involved?
What are the intraorganizational linkason (e.g.: between user
personnel, engineers, purchasing agents)? What are the int re

organizational linkages (e.g.: between producers and user
organizations)? '

E s !!!C!Q ~ - ‘ ‘ .‘.
Are user organizatioﬁa (and testiig organizations, etc,) cahtrally

locahed or geographically dispersed? 1In rclacion to producer
organizations? Rnsearch organlzntions?



ay A L S .
A} ‘
v

Ianl-nn:at1o§lutiltlacton also tends to be ignored in most models
of R/D&I processes. These stagos of subprocesses begin after users
. heve lc:unlly~pu:chnl¢d or Acquired an innovstion or developed it
themselves. In this last case dcvulopn-n: mAy occur conveniently
with 1nplcnnnclttoulu:tlisactou. it is important to note that
there are significant qualitative differences betwaen implementa-
tion and utilisation. Implementation is the initial use or instale
lation of the innovation. Rogers and Agarwala-Rogers (1976: 163) |
describe installation as 'the process of connecting the innovation
to the ongoing structure and activities of the organi:ation L 1] $ B
lization refers to the continuad, sustained use of an ianovation
which is in essence '"the process of removing the .status of
innovation" (Rogers and Agarwala-Rogers).

While there is little merit in trying to delinsate p:eciaely vhere
implementation ends and ucilization begins, tharc arc aoma.utgnificancly
,different dynamics be:wcon the two. For oxumplc, during implementa~
tion, the user. is daaling with a relltivuly new phnnonanon' during
utflization, tho innovation becomes “fauiliur" Indeed, fnilure during
1nplcnnncacion mAy prevent (or at least set a regative ":one" for)
sustained, continuing utilization of an innovation. °

At the same time, however, many of the relevant isaués are very similar,
and it is for this reason that implementation/utilization is considered
here as a single function. With an-awvareness of both the differences
and similarities between 1mp1emancacion and utilization, the researcher
or policy/decision maker can dcterﬁina (in a specific instance) the
extent to which implementation and utilization may be considered simul-
taneously or need to be considered separately.

4

The items below illustrate :he kinds of issues relevant to implementa-
tion/utilizacion, .

e




Have innovations been accepted within user orgenisations on a con-
tinuing, sustained basis? Has innovation been "institutionalized"
(1.,0., has it become baolclanaan:ta! to user draanl:-tlons. or

has it romained peripheral)? -

Are innovations utilized in stages? 1s testing needod” Are trial runs

needed?

In vhat ways can/will innovation and usage be extended to improve
over time? What will be required? Will innovations be utilized

in stages?

Doas testing "dan:roy" or 'use up'" innovations? Can non-dalcrucctvu
. methods (e.g.: limulacton) bo used?

L]

What are the user's relationship with the producer? 1s the user

| dependent on the producer? In what ways? Are alternative
sources (producers) availadble to the user? Is the user awvare
of these altornative sources? 1If not, why not? Does the user
"favor“ one source over anothier? If so, why and with what effects?

B. How

How 1s usage of innovation instigated, routinized and étandardized?

What are the processes for monitoring, evaluation, modification? For

de-bugging? For trial runs?

What are the processes for providing innovations with maintenance and

support services?

169
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WAt will be the influence of institutional s:iructures and resources
on how inplementation/utilisation takes »lace? 7Por ;xnnplo.
8re reguired liaison functions in existizce? Techanical service
functiony:

What ie the «ffsct of innovation source? Of “zplementation strategy?

i How are inno.ations sdjusted or altered for a=s during usage in
specific settings? ’

€, Whe

Who and what :ypes of organizations or indiviiials are users? (private/
public - profit/not-for-profit/non-profiz; large/medium/small;
sector-spinning/sector-specific, ete.).

Who are the ¢y user personnel? wttﬁ respact o what aspects of imple-
[ ]
mentatlon utilizatfon? Who are the user change agents and opinion
leaders’

Does innovatisn provide status for user organ.:cations or organizational
depart=énts or personnel? Is there profissional status associated

»

., with {-as.:ation?

Do organizatisas including the producer help :=s user fmplement
and/or se:sice the innovation? what or::aization?

Who/what user activities are/will be affected >+ innovations? In
what ways. What organizational changes z-e/will be needed?

What is the :i3tory of innovation in the user s stem: MHow do these
differ between organizations and within specific organizations?
Is fnn>veiion diffuscd throughout the s.szem or is ft utilized
in onl: i segment? If the latter, wvhy:

i

g

L



© 1n vhat vays doss innovetion require or allow expansion of an
organization's cnpnbtlltiga. facilicios, support services,
ete,? What doas innovation replace in torms of previous tech-

nology, equipment, personmnel, etc.?

What actual or potential conditions tend to affect the acceptance or
rejoction of the innovations?

3

R._Resouxces

What capabilities do users need for implomentation/utilisation?
Do they have or lack such capabilities? Which user organf{za~
tions and/or personnel? With respect to which aspect of
implementation/utilisation processes?

What s the scope of activities and system adaption reqGuired? what
tesources are noeded? What level of technoleyical sophistica-
tion i{s required? For what technologics?

. What training of user personnel is provided? What preparation must
be made for support services such as accounting, computer pro-
gramming? What supplies must be ordered? Are organization
development activities necded to prepare for implementation?

What costs are involved in maintenance? What support services, per-
sonnel, training of personnel must be provided for maintenance?

What need does the user have for producer help in implementation/
utilization?

What is the capability of the producer to provide such help (c.g.: the
producer's ability to train user personnel; the producer's tech-

nical capabilities)?



Htl: is the uilliu.n-ul o! the pcocuccr co proJld such halp? Hhut
incentives does ths producer have! Does the producer provide
avch service as a standerd procedure? 1s the particular 7
situation of npcct:l m-portannc to the producer?

N &

Whet are the incentives snd/or barriers for users in the process of
‘innovation? What are the "entry points" for ianovation?

K. Whave ’
Atre user or;ubizntionn (and testing organizations, etc.) centrally

located or geographically dispersed? In relation to producer
organisations? Research organizations?




. N
-

A basic tenat of the planned ehange literature which somebow .has
tended to be ignored in'modals of imnovation is the provision of -

| urvtc“ in aupport of ianovation (Arpyris 1970) While the
n«d for support nrvl.cu vill be relevant (:hmmh different iy
specifice) for all of ‘the R/D&I functions, tho need generally seens

to be grestest in support of inplementation/utilisacton
(Doctors 1969).

What are the R/D&I system's uqulrmmtln«ds for support services
(e.g8.:. protection of proprietary rights; testing and analysin;

cqutmnt.. supplies; transportation; computer services; main-
tenance services; training; stc.)? &

How do these requirenents/needs differ according to level of systen

maturity, R/D&T function, R/D&I institutions, type of innovation
involved, etc.?

What sorvices are cha R/D&I system or institutions unable to provide
for themselves? wWhat services s should they not provide for
:hemalveg? wWhy Not?

x
-

*

How Jydcpcmmnt‘ are the R/D&P system or institutions upon the support
’ services? What are the effects of such dependence?

-

B. How

What combination of rent/buy strategies (for obtaining support services)”
are most ipptopriat‘e at a particular time, under “extcting condf-

tions, for a particular type of nuppor: acrvico or innovation,
etc.? »

"

- - lég




what barriera/constraints to linkage exist (e.g.. legaL constraints,
”;sloﬁbpaymnnt by public agencies for services received support
service system not ‘being. interested in the particular R/D&I

§

,',system or-section)?

. v €F

¥

Hhat are the 3ources of support services? Are there’ alternative sources‘
‘5_ from which to choose? If so, what are the significant differences ‘

tD,~"Resdurces S
‘J» what 1eve1 of sophistication and/or specialization is reQuired in the
| support services’

R R !

Lo

. ;‘

To what extent are the required7needed support services available or

-not’: Are there significant delays in obtaining support services7‘

i Sl Y . G, . . ) . . )
PRy R : - e e ! " é
) ) Sy e B . “ -

.

o ”ﬁﬁat.isutheflevel o£3technica1»capability_of the:support‘service systems?
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XVIII. _EVALUATION RESEARCH

‘,;‘The evaluation research function is often imply called "evaluatio

7jwe have - deliberately chosen to use the term "evaluation research" o

tion. Thus, while evaluation research i done to inform funders/,

. policy makers, decision makers andlnanajkrs, it does create kn ledge
| which (in turn) expands-the knowledge base for R/D&I (Zaltman and
‘Duncan 1977). ‘ g

Evalaation research‘may be either of two basic kinds (c.f. Forrester
1968).  Om the one hand, it may be done for the purpose of providing
policy/dec131on makers with data on which they may base decisions to

continue, discontinue or modify a proqram, project, etc., = /- or,~
simply to "evaluate" the effects of a krogram/project. In

the focus is on "end results", and the|evaluation research jwould

ither case,

usually be done only after a 31gn1fica t period of time ha elapsed
since the beginning of a program, proje t, etc. =~ - e.g.: upon the

. completion of a program, project, etc., br at soﬁe‘regula ly scheduled,
' 'but‘ﬁpirly long, intervals (e.gs: annually). This kind pf evaluation
\

v S o \ | |
On the other hand, evaluatior 1 :search may hi done on ‘an/ ongoing basis

«‘research is often called "summative'.

during the life of a program, » Ject, etc. \Here the pyrpose is to

provide managers with data upon which "mid-course" » operational changes

can be made as .needed. This kind of evaluati n research is gften called

S'formative",

“There ace potential conflicts betweén the two CyEes of evaluation re-~
i

:search. 1In summative evaluation research; premium wo ldﬁpoually be

 leg




®

e, .

placed on avoiding 1nput which could alter the program, project, etc.l
- - in order to avoid "contaminating" the research process. In forme-,
‘tive evaluation research however, premium is given precisely to inputs
vhich would allow such alterations Similarly, the research designs
tend to- be different for these two types of evaluation research.
“A.  What

¢

Which kinds of evaluation research is being done?

What are the objectives of proposed evaluation research? Which kind
of evaluation research is needed to accomplish these objectives?

‘What are the implications for evaluation research if the focus of eval-
uation is short-term as compared to long~-term? If the focus is
on consequences related to the immediate user as compared to

consequences related to society?

What is the nature of the programs or projects being’evaluated,(e.g.:.
large or small scale; number and type of people involved in or
affected by; level within system; social service.or physical

science based; length of time befove "results" can reasonably

I

be expected; etc.)?

Are the goals/objectives of the programs or projects clear?

In what ways and to what extent does the nature of the. programs con-
strain the feasibility, reliabilitx or validity of evaluation

research?-
B, How

. o .ww

What methodologies are used for evaluation research?

! . . ’
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I

To what excepé are the methodofggies validated, feplicable? In
vhat fields, disciplines, sectors? To what extent does the
nature of the program or project (or the situational context)

T

constrain validation and/or replication?

“

4}

What are the criteria «pou which evaluation will be made?

How are the 'evaluatior .riteria deve loped?
_ p

' . , ) i.-. ' - . - )
Have potential conflicts :u data interpretations, ugage of results
.. and. access to results been identified prior to deéigning the

evaluation rescarci: process? If so, how will these considera- o ,
“ tions be bpilt info rhe design process; and/or what steps-will ‘
“ . be taken to deal witl. ths potential conflicts?
33 l‘_:‘ - .
'If bocth kinds of evaluniiun research are done, can they be done within
the same resear:h '-sign, or must the research designs be
different? Woul« the vascarch evaluators who do the formative
[ ) . . .
evaluation reseu:i wne able to be objective about the summative
, evaluation resea- h*
What are the similar:: ... ' fierences and/or conflicts between

methodologics i ‘uaviive and summative evaluation research?

-t .

At what points in th.  s.lua: fon rescarch process should formative evale.
uation be unde: “ijon” °
Can direct "measuremenis' of outcome be obtained (or can they be obtained
only after long, poiods of time)? Are "sccondéry" or "predictor"
indicaturs‘avaiiﬁbiu° with vhat-degree of reliability and validity?
4 L .

C. who ,

.

-

Who are the signifldnnt;participants (e.g.: the evaluation researchers;
funders;5policy makers, decision makers; managers; staff; external

'political or pressure groups)?
. ] . ~ .

ERIC
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At wha: levals or in wha: par:s of the system are the participants
~* located (e.g..‘ local, state, federal levels of government; top

level.managers, functional managera)°

)‘~“Wha; are the‘informatioh needs, perspeccives; "vested interests",

objectives, roles of the participants? To what extent and in
' what ways are these perspec;ives, etc. ,different or in conflict?

kK

VWha:,iéMthe-natgre and history of the relationship between the partici-

-

pants (e.g.: _collaborative, conflictual, none, etc.)?

Who controls the problem daefinition (i.e.,,‘dyecides what is to be

researched and evaluated)?
‘ £

Who determines what criteria and methodologies are to be used?

Ld

Who determines yhose information needs will/will not be met?

Who has access to the evaluétion research results? Who determines
access? '

Who determincs how the evaluation results will® be used?

Id

What is the role of the\?valuation researcher in determining problem

definition, criteria, and access to results?

D. Resources

What skills do evaluation researchers need to have? Do these skill

“

. requirements diffef for the design, data gatheri&g, data analysis -

and data reanalysis stages? In terms of types of innovations?
Do the skill tequirémen:s differ between formative and summative

evaluation researchers?
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What is théllevzl of resources devo;ed to evaluaﬁion?

Are special materials or equipment needed? Are they available?

-

E. Where

fi What is the geographical or physical location of "evaluations" in
o relation to their clients?

i

PRIl

Aruitoxt provided by Eic:

Hhat‘iﬁ the training and backgrcund of the evaluation researcﬁer.?
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XIX. _ RESEARCH ON R/D&I

As the iiterQCure.ciCe& iﬁ chis report indicates, there is a large
and growing research effort and Eommunity of scholars concerned
with R/D&I. . Much of this research has centered on industrial research
in Che U.S. and Western Europe (c.f. Rubenstein 1963), but in recent
years there has been increasing diversity in terms of R/D&I sectors
or systems studied, methodologies utilized, etc. (c.f. Rogers and
Agarwala-Rogers 1976,and Zaltman et~ al. 1973) which provides a
research base for the study of particular sector or system and cross
sector or system analyses. The kinds of research pertinent to the

~ contextual analysis framework would include policy resaérch/policy
analysis done for an R/D&I system institution, research on any of
the R/D&I features, research on R/D&I systems in general, contextual
analyses relevant to particular R/D&I systems, and research on

research (RZ)

¢
o

Some important issues in analyzing available research on R/D&I

could include: '

- w

Contf61 - - who determines what research on R/D&I will be done, how
it will be done, who has access to data findings, how findings
will be used?

Focus - - On what aspects of R/D&I-does the research focus?

e

Methodology - - What methodologies are used? What are the strengths

and weaknesses of the methodologies?
Scope =~ - 1Is the research narrowly or broadly focused? .

Generalizability - - To what extent are the implications of the ‘find-

ings generalizable’



:Iﬁstitutibnnlization‘ - = Are :heté“réq€;§Zﬂf;rgnnization: or
~departments which focus on research on R/D&I? Or is the
research on R/D&I being done by individual researchers or
small research teams apart from any institutionalized
base? Is research on R/D&I done on a continuing or on an

occasional basis?

bevelopmental atate -~ - For what aspects of R/D&I is research at a
high or low level of development?

Literature base - - How adequate is the literature in res .d to the
empirical and theoretical bases for research on R/D&IZ What
information do we have about R/D&I? How valid and reliable is
the information? What '"gaps" exist?

Utilization - - How have research findings been used (or not used) ?
Why or why not? By whom? .

Impact - - How have the research findings affected R/D&I systems?
What are the implications of the research findings for R/D&I
sys:tems? For functions or aspect> f R/D&I systcms?

Cont: = = Who determines what research ¢n R/D&I will be done, how
it will be done, who will do it, who wili have access to findings,
how findings will be usged?

R2 = - What research is being done (and by whom) about t&e nature

.
‘4

and process of research on R/D&I? v
The Research on R/D&I Community - -~ What is the need for encouraging
' the development of the communities of researchers on R/D&I? How

might this best be done in order to balance both short term and

- long term impact?




Abet;achy,,w. J. and P. L. Towmsend, "Technology, Productivity and
Process Change", Technologteal Forecasting and Social Change, 7,
1975, pp. 379-96. -

Allen, T. J., "Commmications Networks in R&D Laboratories”,
R&D Management, 1 (1971).

Allen, T. J. and S. Cohen, "Information Flow in Researcn and
Developnment”, Administrative Science Quarterdy, 14, March 1969, pp. 12-19. -

Andrews, P, M.,"Creative Abflity, The Labotator} Environment, and
Scientific Performance", IEEE Transactions on Engineering Management,
EM-14, 2, June 1967. ' ,

Andrews, F. M., and G. F. ?arris,'?Supervi&ory Practices and
Innovation in Scientific Teams", Personnel Psychology, 20, 1967,

Argyris, C., Intervention Theory and Method, Reading, Mass.:

Addison-wesley,'1970.

Auerch, H. and L. Johnson, "Behavior of the ¥irm under Regulatory
Constraint", American Economic Review, 52, 1972, pp. 1052.

~Badawy, M. K., "Bureaucracy in Research: A Study of Role Conflict
of Scientista",_ﬂuman Organization, 32, Summer 1973, pPpP. 123-133.

Baker, N. R. and W. H. Pound, "R&D Project Selection: Where We
Stand", IEEE Transactions on Engineering Management, EM-11,
December 1964, pp. 124-154. .

Baler, N. R., J. Siegman, and A. H. Rubenstein, "The Effects of
Perceived Needs and Means on the Generation of Ideas for Industrial
Rerearch and Development Projects", IEEE Transactions on Engineering
Management; EM-14, 4, December 1967.

3arnett, H. G., Innovation: The Basis of Cultuxai Change, New York:
YcGraw-i11l, 1953.

Barth, Richard T., "Intergfbup Climate Characteristics Perceived
Communication Problems, and Unity of Effort Achieved by Task-
Interdependent R&D Groups", Proceedings of the 31st Annual Meeting

of the Academy of Management, 1971.

Barth, R, T., "Value Noncohplementary and Organizational Commitment
of Engineers", R&D Managemepnt, 4, 1973, pp. 13-24.

<




&

o

Batelle-Colusbus Laboratories, Intersctions of Science and Technolo

S in the Innovative Process: Some Case .Studies Washington, D. C.:
National Science Foundation (NSO-C667), 1973. -
ldckur; H. s.,'”ubtal on the Concept of Commitment”, American Journal
of Sociology, 66, }960.. PP 32-40. . v

Beckex; H. S. and J. Carper, "The Elements of Identification With a
. Profession”, American Sociological Review, 21, 1956, pp. 341-348.

von Bertalanffy, Ludwig, '"General Systems Theory", General Systems,
1. 1956. Ppo -1"‘100 * )

Biller, Alan D. and Edward S. Shanley, "Und;}sCanding the Conflicts
Between R&D and Other Groups”, Research Management, September 1975.

’»

Brandenberg, &. G., "Project Selection in Industrial RSD" in M. C.

Yovits,ed. Research Program Effectiveness, New York: Gordon and

Breach, 1966.

Bright, J. R. ed., Research, Development, and Technological

Innovation, Homewood: Richard D. Irvin, 1964,

Burns, Tom, "Research,  Develppment and Production: Problems of

Conflict and Cooperation", IRE Transactions on Engineering Management,

Burns, T. and G. M. Stalker, The Management of Innovations, London:
Tavistock Publications, 1961. <,

Cantrall, E. W., D. G.‘Schraeter,'aqd H.R.K.Wakehan, "Success and
Failures"”", Research Management, XX, 4, July 1977.

Capron, W. F., ed. Technological Change in Regulated Industries,
Washington, D. C.: Brookings Institution, 1971.

L]
Carter, A.,Structural Change in the American Economy, Cambridge:

w Harvard University Press, 1970.

Cetron, M. J. and J. D. Goldhar, eds., The Science of Managin
Organized Technology, New York: Gordon and Breach, 1970.

Cetron, M. J., J. Martino,’ and L. Roepcke, "The Selection of R&D.
Program Content: Survey of Quantitative Methods", IEEE Transactions

on Engineering Management, EM-14, March 1967, pp. 4-13.
‘Charpie, R. L., Technological Innovation: Its Environment and

Management, Washington, D. C.: U. S. Department of Commerce (Report
- 'GP0:0-242-736), 1967. .

»




- 173 -

Committee for Economic Development, Innovation in Education: New
Directions for the American School, New York: CED, 1968.

Cooper, Charles, Science, Technology and Development. Prank Cass. 1973.

Denison, E., The Sburcea of Economic Crowth and the Alternatives*
Before Us, New York: Committee for Economic Development, 1962,

Denver Research Insiitute, Federal Incentives for Innovation,
Washington: National Science Foundation (C790), November 1973.

‘ Diebold Group, Inc., An Analysis of Factors Affecting Private
Investment in New Products, Processes and Services, Washington:
National Science Foundation, June 1973. - .

Doctors, S. I., The Role of Federal Agencics in Technology Transfer,
Cambridge: MIT Press, 1969.

Douds, C. F., The Effects of Work Related Values on Comaunication

* Between RSD Groups, Unpublished Ph.D. dissertation, Department of
Industrial Engineering/Management Sciences, Northwestern University,
Evanston, Illinois, August 1970.

Downs, A., Inside Bureaucracy, Boston: Little Browh, 1967.

Drucker, P. F., Management: Tasks, Responsibilities and Practices,
New York: Harper & Row, 1973. -

Duncan, R., "Characteristics of Organizational Environments and
Perceived Environmental Uncertainty” ,Admimistrative Science Quarterly,
17, 3, 1972, pp. 205-245. N ‘

Duprc, S. and S. Lakoff,'hcience and the Nation, Englewood Cliffs:
Prentice-Hall, 1962. | .

Emery, F. E. and E. L. Trist, "The Causal Texture of Organizational
Environmepcs", Human Relations, 18, 1965, pp. 21-32.

i

Evan, W. M., "A Systems l‘odel of Organization Climate”, in R.
Tagiuri and G. H. Litwin, eds., Organizational Climate: Explorations
of; a Concept, Boston: Harvard Business School 1968,

Farris, G. F., "The Effect of Individual Roles on Performance in
Innovative Groups"”, R&D Management, 3, 1972, pp. 23-28.

Forehand, G. A. and B. U. R. Gilmer, "Environmental Variation
. in Studies of Organizational Behavior", Psychological Bulletin, 62, 6,
‘December 1964. .

?grrescer, J. W., Principles of sxscéms. Cambridge: Wright-Ailen, 1968.

General Accounting Office, Executive Branch Action on Recommendations
of the Commission on Covernment Procurement, Washington, March ! 1975.

i
5
S, /o




vl*‘,”

Gellman Research Associates Incorporated, "Bconouic héguiacion and
Technological Innovation: A Cross-National Survey of Literature

and Analysis”, 1, January 1975. . N

Cibbons, M. and R. D. Johnson; "The Con:énporlry ﬁiTi%idnshlp
Between Science and Technology”, Nature 227, 1970, pp. 125

Gibbons, M. and R. D. Johnson, "The Roles of Science in Tbchnologic‘l
Innovation", _iberal Studies in Science, Manchester University,
October 1973.

Goldhar, Joel D., Louis Bragaw and Jules J. Scﬁuurcz, "Information
Flows, Management Styles, and Technological Innovation', IEEE

_ Transactions-on Engineering Management, EM-23, 1, February 1976.

Cruber,”W. H. and D. C. Marquis, eds., Factore in Technology Transfer,
Cambridege: MIT Press, 1969. :

Guetzkow, H., "The Creative Person in Organizations" in C. Steirer <
ed. ‘Creative Organizations, Chicago: i'niversity of Chicago Press,
1967.

Hage, J. and M. Aiken, Social Change in-Co@plexAggggnizations.
New York: Random House 1970.

Hall, R. H., Organi:ations: Structure and " rocess, 2nd ed.,
Englewood Cliffs: Prentice-Hall, 1977.

Hamberg, D., R&D: Essays on the Economic: of Research and Development,
New York: Random House, 1966. » , ‘

Havelock, R. G. et a?, ?lanning for Innovation Through Disgsemination
and Utilization of ﬁwiedge. CRUSK, Institute for Survey Research,

University of Michigan, 1971.

Hetman, F., Society and the Assessment of Technology, Paris: OECD
Publications, - ‘

Himsworth, H., The Development and .Or @nizati3ﬁ of Sclentific Knowledge,

London: Heinengnn, 1970.

Holland; Winford E., Bette Ann Stead and Robert-C. Leibrock,
"Information Channel/Source Selection as a Correlate of Technical
Uncertainty in a Research and Development Organization", IEEE

Transactioas on Engineer!ng Management, EM-23, 4, November 1976.

Holloman, J. H., "Technology Transfer", Proceedings of a Conference

on Technology Transfer and Innovation, Washington: National Science
Foundation (NSF-C535), 1966. : .

v

Holc,‘xnuf; "benorating Creativity, Ideas and Invenclons - Information
and Needs Analysis in Idea Generation", Research Management, May 1975.

t

"oy,

R




Lz - \

Isenson, R. S., Project Hindsight Final Report Task I . Office of

l‘thc Director of Defense Research and Hnginecrinq. U. S. Department -

‘6f Defense, July 1, 1967.

‘iIT‘R.scd%ch Institute, Technology in Retrospect and Critical
Events in Science,Volume
(NSF=C535), 1968. ‘
Jewkes, J., D. Sawx?fﬁmand R. Stillerwan, The Sources of Inventiop
ch‘York: Hhcnillaé and Co., 1969.

"

Jorgeason, D. and A. Gilriches, "The Explanation of Productivity
Change"”, Review of Economic Studies, 4, July 1967, pp. 249-84.

Kahn, A. E., Economics of Regulation: Principles and Institutions,
New Yotk: John Wiley & Sons, 1971. . ,

I, Washington: National Science Foundation

Kaplan, N:, "The Role of the Research Administrator’ . Administrative

Science'Quarterly, 4, 1959, pp. 20-42. ] )
Katz, D. and R. L. Kahn, The Social Psxpnoldgx of Organizations, -

New York: John Wiley & Sons, 1966.

" Keller, Robert T. and Winford E. Holland, “"Boundary Spanning:Roles
in R&D Organization: An Empirical Investigation”, Academy of
Management Journal, June 1975.

Kelly, P. and M. Kranzberg, Technolqgiggg_iﬁgpvak106: A Criticsl
Review of Current Knowledge, .Advanced Technclogy' and Science Studies
" Group, Georgia Tech, Atlanta, Georgia, February 1975.

Kegan D. L., The Usefulness of Wrictten Technical Information to

Two Groups of Chemical Researchers, un, ublished Master's Thesis,
Department of Industrial Engineering and Management Sciences, -
Northwestern University, Bvanqcon, I1linois, June 1969.

Kegan, D. L., "A Technolozy Transfer Flow Diagram", working papét
#66/23, Department of. Industrial Engineering/Management Science,
1966. . ’ . # o

. Kimpall, C., "Technology Transfor” in M. Cetron and J. Goldhir, eds.,

" The Science of Managing Organized Technologv, 3, New York: Gordon
and Breach, 1970. . - . » '

Kornhauser, W., Scientists in Industry, Berkeley: Unlvérstty of
Callifornia Press, 1963, e

Xuhn, T. S., The Structure of Sclentific Revolutions, Chicago:
The University of Chicago Preas, 1962. .

Langrish, J., M. Gibbons, W. G. Evans and ¥. R. Jerons, Wealth
. from Knowledge, London: Mac¥M{llan and Co., 1972.

B )

.




Tf.hinttonc Industrjal Rnuea:ch Inutt:u:q »
: ”;s-ptnuber 1973‘ : EES

L %’thcln «Ar:hur D-Hlnd~ nduncrill Rnllarch Innticutc, Inc.

' “Gereing over thé Barriers to Iunovation". Rublic Poliey Options, [

ac.ibriﬁ;c, ﬂlalnchu:otta. 1973.‘,: R

'-T"‘fllhna!'tcld. E. "Cmtribut.ton of R&D to Econonic Growth in the Uni:edl
j”jStacua"; Scignca 4, Fabruary 19:2, Vol. 175 Nb. 4021. PP 677—486. §

Bbe 'vﬁulnntlnld. E.. Tndustrial Research snd Tuchnolo cal Innovation: é
TR " An’ Bcggoutric Anglz-:la. Neu York: W. w. Nor:on, 19 8. E

Harch. J. G. and H. A. Simon, Orggnizations, New York. John Hiley
& 800!. 1958d ' -

R “;ﬂunrkhan, J. w., Inventive Ac:ivity. covtrnnnnt Controls and the
Towesy - 0 Legal Enviroament”, e _Rate and D:lrcc%ion of Inve1tiye Acc:lviti,
o <(jb;Pr1ncator, New Jaraeyz Princecon Un var- y Press, » PP
e - Martom, R. K., The Sociologz of Scignce, Chicago‘ 'l'he University of
:Chicago Preoa. 1973. -

v _Hbcluy. "Public A:ei:udes waard Tecbuology. A Prelimdnary
iRoport", in ‘T. A.-LaPorte "et al eds., Social Change, Public Response,
‘and the .egulation of Large Scale Technologz, Berkeley' University '
of- Mifotnin Prass. 1972, pp..71-123. ‘ ,

. Hct:luy. D., "Public Actit:udea Toward’ 'rechnology ’ in 'r. LaPorte et al
eo .. 7 eds., 1n A Perspective in the Assessment of Large Scale Technology

. The Case of the Stol ‘Aircraft Transport stem, Berkeley: University |
._of California Press, 1971, PP 91—102. o ‘ Coe -

"Hoote, D. c. and D. S. Davis, "'rhe Dual Ladder: Establishing and
', Operating It", Rasearch nagement XX, 6 July 1977. '

:Ldge. MIT Press,

. Hor:lnon s E. .

R y.an ‘Machines and Modern ]
71966, |

nizing f(;t Iﬁnovdtion. A Systems z_xpproach t

"Horton, J. A., O
t, New York' Hccraw-nin, 1971

. x. R., M. J. Peck and B. D. Kalachek, 'I‘ec:hnologyJ Economic
Sty and Public Porucy. Hashington. Brookings Institution, 1967.

o

A R., "Organizational ”Innovativeneas. Product Variation and
tation’ Admmistraﬁ.vc_s::ience uart:erl , June 1971.




: ' - 177 = i E
{

Odiorne, c[ S., Mansgement by Objuctivgg, New Yorki,?itmah. 1965,
\

Organ, Denris W, and Charles N. Greene, "The Boundiry Relevance
of the Project ‘anager's Job: Findings and Implications for' R&D

Management'', R&D Management, 3, 1, 1972, i \

~Pelz, D. C. and F. M. Andrews, Scilentists 15 Organizations, {\
New York: John Wiley & Sons, 1966, i \

f

Perrow, C.; "The Analysis of Goals in C - : Orgqhizations". \
American Sociological Review, 26, No. . zberj1961. pp. 854-866.
/ | :

Perq&ﬁ. C., Organizational Analysis: A Soc;oxogicil View, Montefey.”
Ca};fornia: Brooks/Cole, 1970, i '

1

Polanyi, M., "PaCent,Refurm".'BEyieu of Economic¢ Studies, 77, \
Summer 19/ ., pp. 61-76. / |

|
1

! Porter, L. W. and K. H. Roderts, "Communicationq;in Organizations",
? «a ‘Marvin D. Dunnette oc., Handbook of Industrial and Organization'

Pnycholog, Chicago: Rund McNally, 1976, pp. 1553-1589.

Price,‘D. K., Sovernment and Science, New York: New York University.
Press, 1954, ‘
i Prﬁce, D. K., The Scientific State, Cambridge: Harvard University !
" Press, 1965. ‘ ' i

Lh and the Innovative!

Price, W. J. and L. W. Bass, "Scientific Resear
Process", Science, 164, 1969, . |
. e ) 3
Radnor, M., A. H. Rubenstein and D. A. Tansik, "Implementation in |
,Qpe;ations Research and R&D: In Government and Business Organizations”,
\Operations Research, 18, November-December 1970. ' 1
'ﬁeport of the Commission on Government Procurement, 2, Washington:

U. S. Governrent Printing Office, December 1972.. '

Roberts, E. B., "How the U. S. Buys Research', in D. Allison. ed.
» The R&D Game, Cambridge: MIT "ross, 1969, pp. 280~296.

Robertson, T. S., Innovation Behavior and Cormunication, New York:
"Holt, Rinehart and Winston, 1971.

Fogers; E. M., Diffusion of Innovations, Naw York: The Free Press, 1962.
vogers, E. M. and F. F. Shoemaker, Communication of Innovation: i
Cross-Cultural Approach, New York: The Fres Press, 1971. ‘

Rogers,,.E. M. and R. Agarwala-PRogers, Communications 1in Organizations;:
New York: The Free Press, 1976. .
: | L

|

18y




- 178 -

. hll.“!i’"*u;w‘

Rﬂ;ﬂ.’l. E. "n, ‘Jc D. l‘\'lllnd and A. 8. Blln,i "thlndins the
Agriculture Extension Model', working paper prepared for the National
Science rqundution. September 1976. .

Rosenberg, N., "Science, Invcncion, and Economic Growth", ™ .
Economic Journal, 84, 1970. :

' Rosenberg, Nathan, Tachnology and American Economic Growth,

New Yorks Harper & Row, 1972.

senbloom, R. S. "Technological Change in Firms and Industry",

in Kelly and Kransberg (eds.) Technological Innovation: A Critical
Review of Current Knowledge, Volume I1, Aspects of Technological
Innovation, Advanced Technology and Sciences Studies Group, Georgin
Tech, Atlanta, Georgia, February 1975.

Rubenstein, A. H., "Organizational Factors Affecting Research and
Development Decision Making in Large Decentralized Companies",
Management Science, 10, July 1964, pp. 618-634.

Rubenstein, A. H., “Research on Research: The State of the Art
in 1968", Research Management, II, No. 5, 1968, pPp. 279-304.

Rubenstéin, A. H., "Setting Crireria for R&D", Harvard Business
Review, 35, Januury~-February 1957, pp. %5-104.

Rubenstein, A. H., R. T. Barth and C. F. Douds, "Coupling Relations
in Product and Systems Development", Proceedings of The National
Electronics Conference, 1969. , ‘-

Rubenstein, A. H., A. K. Chakra": ~:i, R. D. 0'Keefe, "Final Technica{
Report on Field Studies of the ..nological Innovation Process",
Report #74196 (Revised 2/75), Program of Research on the Management

of Research and Development, Department of Industrial Engineering
and Management Sciences, Northwestern University, Evanston, Illinois,
September 15, 1974.

Rubenstein, A. H. and M. Radnor, "Top Managsoments' Role in Research
Planning in Large Decentralized Companies", in G. Krewers and G.
Marlot, eds., Proceedings of the Third Conference on Operations
Research, Paris, 1963,

Science Indicators 1972, Washington, D.C.: National Science
Foundation, 1973. '

Schein, E. H., "The Individual, the Organization, and the Career:

A Conceptual Scheme', in D. A. Kolb, I. M. Rubin and J. M. McIntyre,

' eds., Organizational Psychology, Englewood Cliffs: Prentice Hall,
1954, pp. 301-317. . ,

Scherer, F.- M., et al , Patents and the Corporation, Boston: Harvard
University Press, 1958. ‘

I3,




N

- 179 -
Schon, D., Beyond tha Stahle State, Nay Yezks Rand:z House, 1971,

Schmooklog;fd.. Invention and Economic Growth Caz:ridget Harvard
Universlty Pross, 1966,

Scott, B. R., "The Industrial State: Cld !tyths and %:w Realities",
Harvard Businesa Review, 51, ‘;lrth-April 1973, po. -33-148.

Shepard, H. A., "Innovation Resiéiing and Innovati:: Producing
Organizations", in W. G. Bennis, K. D. Benne, and . Chin, eds.,

The Planning of Change, 2nd ed., New York: Holt, R:~ehart and

winston, 1969,

Shepard, H. A, '"Major Researches in Creativicy", Research Management,
2, 1959, pp. 203-220.

Shepard, H. A., "The Value System of a University “esearch Group,"

Azerican Sociological Review, 19, 1954, pp. 456-462,

Sherwin, S. C. and R. S. Igenson, "Project Hindaigh::'A Defense
Department Study of the Utility of Research', Scien:s, 156, June 23,
1967, pp. 1571-1577.

Shils, Edward, ed. iLriteria for Scientific Develoo=:zt: Public Policy
and National Goals. Cambridge: Massachusetts Insti::te of Technology
Press, 1967.

Solow, R., "Technica: Change and the Aggregate Proc::tion' Function,"
Review of Economics and Statistics, 39. August 1937, pp. 312-20.

Souder, W. E., "Utility and Perceived Acceptabilit: :f R&D Project
Sel=sction Models, Management Science, 19, August 1%°3, pp. 1384-94.

Steade, Richard n., ": Study of the Interface Betwe:zn Research and
Development", ILEE Transactions on Engineering Manz:azzent, EM-13, 1,
March 1966.

Strauss, ©C., "Professionalism and Occupational Asscilation',
Industrial Relations, 2, 1963

Stewart, Francis, Technology and Urderdevelopru:nt. - stview, 1377.

Stewart, J. M., "Techniqﬁes for Technology Transfer within the 3usiness
Firm", IEEE Transactions on Engineeringﬁ%anagemeu:, IM-16, August 1969.

Taviss, I., "A Surve: of Popqlar Attitudes Toward Zz:hnology",
Iechnology and CUICLre, 13, 1972, pp. 606-621.

I

Taylor, Robert L., "The Technological Gatekeeper'', :iD Management,
5, 3, 1975,

“

Taylor, R. L. and J. M. Utterback, "A Longitudinal 3zudy of Communi-
catic. in Kesearcu: Technical and Managerial Influsn:ce 2g", IEEE
Irrusactions on Engineering Management, EM-22, 2, -z 1975,

1}3;3



‘ - lam -

. Terraberry, 8., "The Evolution of Organ’zation Environments",
. Administrative Science Quarterly, 12, 198, pp. 3590-613.

Thayer, L., "Communicntlon and Organisation Theory", in F. E. X.

Eﬂ Dance, ed., Human Co:..ounication Theory: Original Essays, New York:

Holt, Rinehart and Winatom, 1967.
Thompson, J. D., Organizations in Action, New York: McGraw Hi1l, 1967.

Teich, A. H., ed. Technology and Man's Future, New York:
1972,

United States Department of Commerce, Tnchnologtcni Innovation:
Its Environment and Management, Washington: Government Printi . g

Office, January 1967.

1 ‘ .
The Urban Instlt. 1,  The Struggle to Bring Technology to the Cities,
Washington: The Urban Institute, 1971.

Utterbaca, J. M., "Innovation in Industry and Diffusion of Technology"”,
Science, 183, February 15, 1973, pp. 620-626.

Utterback, James M., "The Process of Innovation: A Study of the
Origination and Development of Ideas for New Scientific Instruments",
IEEE Transactions on Engineering Management, EM .8, 4, November 1971.

Vollmer, H. M., I. R. LaPorte, W. G. Pederson and P. A. Lang:on.
eds., Adaptations cf Saientists in Five Organizations, Menlo Park:
Stanford Research Institute, 1964.

Vollmer, k. <. anau D. Mills, éds., Proféssionalizption. Englewood °.
Cliffs: Pr. . :ice-tals, 1966.

L] ®

Watson, ¢ E. , ”Gerarutiné Creativity, Ideas and Inventions —
Tuveloping “reztive People”, Research Management, May 1975.

¥oldenbaun, !f. L., Jov~ronen: Spending and Innovation: An Exp.oratory
Analvsis of e e of Tcv- nment Expenditure Mechanisms to Foster R&D,

Wasaingtoan: .'ational Scieny : Foudation, July 1973.0

L4

White, L. Jr., Medieval Technol ey aud Social Change, Oxford:
Univergity Press, 1962. :

Wwoodward, J., Iandustrial Organizationr Theory and Practice, London:
- Oxford University Press, 1965. .

Ypung,\ﬁ. C.,. Product Devclopment Setting, Information Exchange and
Marketing R&D Coupling, Ph.D. Dissertation, Northwestern Universicy,

1973.

" 4Zaitman, G., R. Duncan and ‘J. Hdlbeck, Innovations and Organizations,
New York:.Wiley Inter-Science, 1973. ) o~

.
W

e

Zaltﬁ#n; G. and R. Duncan, Strategies for Planned Change, New York: ,
Wiley Inter-Science, 1977. R 18? / _ . .

/




