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INTRODUCTION

The following three reports dealing with R§D project
evaluation and selection decision processes resulted from a single
grant to the-authors. They are put together under one cover for the
convenience of the readers.

REPORT 1

INFORMATION PREFERENCES AND ATTENTION PATTERNS
IN THE R§D INVESTMENT DECISIONS

ABSTRACT

One hundred and thirty-two Canadlan executives participated
in a study of information preferences in R§D decision making.The
subjects were asked to rate items from a comprehensive information
basket perceived by them important in R&D decision making. Relationships
between information preference profiles and executive and firm
attributes were investigated. The study concludes with some suggestlon
for increase fit between inducement strategies and target populations.

RESUME

Cent trente-deux.dirigeants canadiens ont collaboré i une
enquéte sur les préférences en matidre de renseignements servant i
orienter les choix de R et D. On leur a demandé de classer par ordre ‘
de- preference une vaste gamme d'éléments d'information qu'ils considérent .
importants lors d'une prise de décision en matidre de R et D. On a étudié-les
rapports entre les choix de renseignements, les dirigeants et les caracté-
ristiques. de l’entreprise. L'étude fait, en conclusion, quelques suggestions
pour resserrer les liens entre les choix et les populations visées.

REPORT 2

MULTI-ATTRIBUTE INVESTMENT DECISIONS: A STUDY

, OF R§D PROJECT SELECTIONS
ABSTRACT:

In evaluating R&D opportunlties executives make tradeoffs
among three classes of attributes: commitment of resources,expected

“payoff and risk. The focus of this study of Canadian top executives

and R§D managers is the investigation of these tradeoffs and how they
differ among executives and industries. On the basis of Judgments of

“sixty hypothetical projects, alternative individual and group models

were estimated using regression and discriminant analysis procedures.
The results indicate that linear models provide good fit with

‘obsérvations of R§D investment judgments and that differences in .
- tradeoffs between risk and rates. of return can be related to the

characteristics of the executives and their environments.This -
information is useful for predicting R&D investment portfolios .
in an environment of changing opportunities.,




RESUME: ,
Les dirigeants d'entreprises considérent trois types. de

facteurs lorsqu'ils étudient les débouchés en matiére de R et

D: l'investissement, les bénéfices escomptés et les risques.

La présente étude porte sur les hauts dirigeants canadiens et

les responsables de R et D; elle met 1'accent sur les divers

choix formulés par les hauts dirigeants et les industriels

canadiens. On a demandé les avis sur soixante cas hypothétiques

‘ et étudié divers mod&les portant sur des cas individuels, et

> collectifs & l1'aide de méthodes d'analyse régressive et discrimina-
toire. Les résultats révélent que les modéles linéaires se
prétent bien a 1'étude des choix d'investissements en matiére de
R et D, et que les divergences d'opinion au sujet de l'évaluation des
risques et profits dépendent du type de dirigeant et du milieu de
travail. Cette étude permet de prévoir les portefeuilles
d'investissement -de R et D dans un contexte ol les débouchés
varient.

" REPORT 3

G

. RED_PROJECT EVALUATION: FROM FIRM BEHAVIOUR

TO NORMATIVE MODELS TO - IMPLEMENTATIONS

Q-

c——

ABSTRACT:

""This paper analyzes ava11ab1e 1nformat10n about determinants
and practices of R§D investment decisions, describes the inventory
of normative models developed to improve decision making, and
identifies emperical studies investigating their implementation. .
Review of the state of art leads to the 1dent1f1cat1on of four:
areas of information which are deficient.

RESUME
La présente étude analyse les renseignements dont nous disposons

sur les facteurs et modes de décision pour les investissements de R et D;

elle décrit les modéles normatifs élaboxés pour améliorer les:prises de
décision et énumére les études empiriques sur l'application de ces der- -
niéres. Un examen général permet de distinguer quatre domalnes ou les

i . renseignements sont insuffisants.
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INTRODUCT.TON

.‘Simon and others have,argued}that_firms make:decisions‘on the
8 - basis of partial~kn6wledqe(e g.see March and Simon 1958 Cye?trand.
o _ March 1963) . High costs assoc1ated with: obtaining and processing
‘ lnformatlon, constralned computational abilities. and llmlted spans
of attention induce the-development of_search‘heurlstlcsa ‘These .
heuristics.are;often institutionalizedtin the-form of standard‘
operating procedures for;the.selectionfand'evaluation~of alternae

tives, ) .

The problem of R & D:projeet,selectiqn constitetes one'of‘thee'
A more%conplex areaS«for» firm<decisi0n making. It deals with risky
LN _ alternatives; the outcomes of whlch are realized over a long tlme
’_horlzon and are subjected to rlsks from both lnterral and env1ron—

mental sources.

The:importance~of'infermation:preferencemand attention§
patterns for R & D polic1es are. often. ignored. Generally,the focus:
of R & D 1nducement pol;c;es has been upon creatlng aconomic
lncentlves or - direct: investment in R & D.. Attempts to employ infor= -
'matlon strategles tor induce R & D: seem. to: lgnore the fact that
what. is good news: to SOme is. no. news to others; By ldentlfying
differences. in information- attended to, strategles and: lnter—*
ventions to- create favorable climates: for- R & D can be desmgned to :-f:

.% _ L Fit spec1fic target populatlons, thereby lncreaSLng thelr potentlal

impact.

- In: this study, we focus upon emplrlcaltlnvestlgation of lnform

; matlon preferences and attention: patterns ln R: & D decismon—maklng.fw

BRI T




In particular, thevassociation.of‘preférence=and;attentionﬁpatterns
to-decision«makersfvattfibutes is investigated.

METHODOLOGY -

On the basis of extensive literature search, an

"information basket" was constructed, coﬁbiningrdimensions judoed:
relevant to R & D decision4making, aocording to=aovariet§‘of
normative perspectives. and behavioral theories. The "information. -
basket" waS'used’as.afbasis.for~oonstruotiog‘awquestionnaire~to~
solicit.preférénces for  information itemé, Aosample-of'executivés
waS~asked.tO»indicétevpreférences fOr‘informétion.HAnalysis:of.j
these~pesponses to identify relationships bétWeen préferenges>ahd

"individual and organizational attributes was conducted..

*

In the: follow1ng sectlonS‘concernlng the methodology, we
provide details. on - ‘ '
(1) théaconsﬁruotion.and{a;priori jusﬁifioation of
the: '-""infvornité{_:ion..‘ basket",
(2). theﬁquesﬁioonairey
(3) . the: sample,
(4).thé§confirmationxof-ohefé—priori ihformétionm
dimonsions;and testing of thevrélevanceaofgtheﬁ..

questionnaire items.

Construction of the information basket

'.'[ ] Information items were selected after a- review of the R & D,
general economlc and: decision making: literatures. Table r llsts
the ltemS»and.their sources.ln.the_llteratorem‘rheultems,we:e

‘classified into. six general dimensions: general economic trends:




a

and expectations, government role in the economy, informatiomn,

market, firm-and:project.attributes.

- e amm sen e e .

Insert Table 1
.about here

- The Questionnaire

Forty-seven items were selected to represent the various sub-

dimensions in the information basket. Subjects were asked to rate

their"importancetdn a seven. point Likert scale. In addition, sub~ '

~.jegtswwere requested to provide biographical information on. them—

selves, and extensive: information. about»their firms_~An itemiZed'
list is provided in Table 2, with the approprlate abbrev1atlon to
be used when results are- reported..

— ! wm—— — e — - —a—

Insert Table 2
. about: here .

— v— —  —— ——.  —.  —, —

ThetSample*

A sample of 330 oﬁ.executlves was. randomly selected from the
directory of R&D establishments: Ln Canada (Mlnlstry of State for
Science and Technology; 1974) plus the remainder of: ’Top lOO' firms

(Moxrgan, 1975) not included in the R & D directory. A second mall-

~ing:was sent.to:replace.those~flrms;wh;ch‘had.decllnei to.part1c1-

pate.. Reminders‘were sent to those firms which hadfnot resnonded'
initially. The: questlonnnalre was- sent to “the' R’ & D director-or
to the president of ‘the flrm. The response rate was 40%. The re—
sponse. distribution corresponds well w1th the populatlon dlstrlbu—

tion lndlcatlng that the sectoral breakdown in the sample is.

.'representatlve of R & D establlshment frequencles ln “the: populatlonm:r
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Past- & Current

Trends

general trends ip inventories
general trends of growth
unemploynient

Department of COM‘ErCe (1975)

x ce © . s [ ‘!
_ _ Table } ‘
Variables Relevant for R & D Decisfon Making ’
" Concept Item ) Source ’
- ECONOMY, GEMERAL _
s average profit rate in the economy -
short term bank xnterest rates*
stock market trends® Keynes (1964), Galbraith (1973}, - Prest
Trendicator (Raguley and Booth

.S.

i ©° Demand Changes

‘expected gresth of real GiiP

grouth of population

". Schunpeter (1571}

Qulnn (1956) Bricht (1970) .

lnducerents to
Chang° '

. expected wage ssttlements

expected genarzl pxoductivity chanaos

expected rate of lnf]ation
expected enerzy rejuirements

Schnoonler (1966) Rosenberg (1974), Kanlen 11

Schwartz (1968). Feliner {1571}, Hamien & Ruttan (197

Dewand and Cost
"Changes

expectations with respect to the forefan exchange rate

Leonard (1971)

ECONOMY, GOVERNMENT

N T ROLE.

Casts, Direct

government sudsidies for RED proje
low interest zavernment lcans for RED projects™
possibility of g2ining & new qdygrnmen; contrqct for

part of the project®

*
cts

«?favourab1e tax policles for R3D projects

Tllton {1971), Brooks (1972) Quinn (3056) Hawberq (12¢

Leonard (1971) Foster (1971) Arrow (1962)

'Ccsts? ;ndjrect

accelerated derrec1atinn of R&D expenditures for tax

purposes

accelerated de“re:1=tlon of new caoita] EQUIDWEHL

expenditures fcr tax purposes‘

Tow lntorest retes on governrnwt bonds

high interest rates on government bonds

interest rates cn government bonds

iacreasing

- 1interest rate on government boads declining

Hamberg (1966)

" Vkeynes (1954), Galbraith (1973)

CONTINUED
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Table 1 (Continued)

Item

Source

‘anceﬁt

Information

‘government funding of feasiblity studies for R3D project;*.

availability of sound government information on tech- .
nological change® -

90vernm°nt support and promotion for market development
avallabllxty of goverpment surveys of market potential

Thurston {1971}, Brocks (1972). Bright (1968},
- Foster (1971). Drucker {1975)

Market Infiuence

gr04th of government expend)tures R
" favourable tariff policy
" pollution control measures {environmental concern)

TRFORMATION

Pri#a;e

Sovarnzent

evailability of private su=veys of market ﬁotentfa]

avai]abtlity of govefnment surveys of market potential*

availability of sound govermment informatlon on
techpological ‘change®

gavnrnnent funding of feasubillty studies for R&D proaects

Bright (1358), Foster (1971) Thirston (1971), Smith (1973)

Thurston (1971) Brooks (1972), Bright (1968).
‘Foster ()97\), Drucker (1075)

MARKET ,
' dverage profit rate of industry group
stability of market ' Ansoff & Stewart (1967)
barriers to entry In the market Mansfield (1968), Schumpeter (1971}, Scherer (197]),
' : Lo Comanor (1967), N)llxaﬂson \1053) Ba]ddln 13 Chxlds {1959),
_ Cooper (]966). Galbra:th (1913)
iR - : ' : ,
. recent grow;h of sales cf firm Lithwick (1959), Leanard (1911). Mansfield (]968).
“Derand grpecied grovuh of sales of firm Namberq (1966) )

stage In life cycle of existing products

Kot]cr (1967), Nuinn (1°6o,. Tilles (1966) Ansoff and
Stewart (1967) .

: Sﬁpply. Factors

abailaﬁility df scientifigéll} trained'pgrsoqnel

_8rocks (1972), Cooper (1956)

quuidity

s‘ock market

avorage pr011L rate of . firm

accelerated daproclauion of new capital
expenditures for tax pulposes*

sho torm bank interest ratbs

_equipment

rends : .
government subsidies for RD proJcctS . "
low: 1nteres‘ govnrnmnn‘ IOAns for RLD pr"JECtS

-

Scherar (1821), Williamson (]953) falbraith (1973)

Cyert & March (1963] Hansfield (1968), Hamberg (1966).
Tilton~ (1971), Brooks (1972)

CONTINUED



P

‘ Commitment, Foney

and Resources

¢ - & < «
“Table 1 (Continued)
Concept ' Item Source
-_Innpvativchesﬁ history'gf su@cés§ with ﬁ&n (firm's)_l . Ansgff & Stewart (1967)' '
PROJECT . S ' o ‘

gost of the R&D prOJeCt relative to total sales of
ira _ )

possibility of gaining a new government- contract for
r2rt of the project* -

Mansfield {1564}, Scherer (1971), ferstenfeld (1571)
Cooper (1966), Tilles (1966), Ansoff & Stewart (1
Mottley & Hewton {1959), A]len (1970)

Broaks [1972), Tllton (1971), Hambera (1966)

¢s7),

Cormitment, Tire

expected paybaék period féu the RED projett

) Leonard (1971), Hansfield (1558), Garstanfeld SER

\
" Brisht (1958), Kotler (1967), Ansoff & Stewart (issi)
Brooks (1972), Tilles (1966}, Coopar (Iro Allen
{1970}, Hamberq (1963) ~

rate of return for the R&D projef

Mansfield (1968), Disman (1962), Qu.nn (195€), Kotier (1967.
Peterson (}“67) Alten (1970) S

~ Profitability .
. - x"=cted impact of the RED pro;eft on market share Hansfleld (1969). Peterson (1967), nottley & Newton (1959)
pected change in sales attributed to R3D praject .. Peterson (1967) ' )
‘ r‘rc.,alnhty of technical succns; estimated for Scherer (]97)) Mansfield (1968). Helsan (19:9)
tho RED progect . Gerstenfeld (1971), Disman (1962), Quinn (1666}, Aasoff
Risk , Stewart (1967}, hcﬁlauchlln (1968), Thurston (13713, |

- patentibility of innavation

Allen {1970), Cocoer (1966), Tilles (1966), Cranstca 3
(1974), Mottley and Hewton (1953) |

Phillips (1966), Scherer (1971), Ansoff (1965), Yansfield
(1968) Guinn {1966), Foster (197l)

I
“indicates items that 3

craar in more than cne dimension, .

-~y
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Table 22 INFORMATION

accelerated depreciation of new capital equipment
expenaltures for tax purposes

accelerated depreciatzon of R&D expcnditures for
tax purposes '

average prof}t rat:'é in the economy
average profit rate of firm
qreragcvp;QEit rate of industry group
barriers to cntry in the market

cost of the R&D project relatlve to total salesg of
firm

intercst rate on government-bonds declining
cxpcotod energy requirments
expected growth of real,CﬂP

expected rate of inflation

:expectcd pagbaog period for the RsD project

expected general productivity changes.
gxpected growth of sales of firm

éxpected wage settleménts

'fuvourable tarlff policy

favourab‘e tax p011c1es for R&D projects

governncnt fundzng of fea51b111ty studies for R&D
pro]ects ’ .

cnpectatzons with respcct to the Loreign exchange

- rate - . ] .-
Ageneral trends of growth

'_g.owth of government expenditures

avaxlabllzty of sound government 1nformation on
technologlcul chnngo ‘

- GOV sup MK

GOVT SUBS

GOVT SURV

H I GOVT B
I IGOVT B

 ERT TR
LIFE CYCL
L I GOVT B
L I GOVT L
PATENTS

. P GOVT CON -

POLL ,CONT
POP GR

PRIV SURV

P TECH SUC

REC SLS GR

RD UISTRY

RD BKT SHR

-RD ROR

- RD SALE CY

SCI TR PRS

St T BAWK I .

STADL, MKT

STK MKT TR

T UNEMPLUT

ITEHNS

government support and pronotion for market develop—

-ment

’

‘government subéidies_for R&D projects

availabillty of goverunent surveys of narkat poten~-
tial . .

high interest rates on government bonds

interest rates on government bonds ;ncregning

"gencral trends in inventories

stago in life cycle of cxisting products
low interest rates on government bonds

low interest government loans for R&D projects

. patentibility of innovation

possibility of gaining a new government contract
for part of the project

pollution control measures (environmental concern)
growth of population

availability of private surveys of market potential

" probability of technical succesa estimated for the

R&D project

recent growth of sales of Firm
history of success with RED (firm's)
expected menct‘of the R?b‘projeoﬁ on market share
rate of retura for tho R&n projcct o
ewpectcd change in salcs attrlbutcd to. u&D project
availablllty of sczentifically trained personnel
short term bank interest rates

stao1lity of market

" Btock market trends

unemployment



The sample included 15 corporate-presidents, Sixty-one percent.
of the respondents are currently employed in the R & D depart~

ment of their firms. The general level of formal education is.

- quite highj two thirds of the executives‘have had at least some

- . post~graduate training.

Half of the executives in the sample work in firms with more
than 350 million in sales. The sample was equally split in terms
of Canadian oxr external.control, and so correctly represents the

state of ownership in Canadian manufacturing.

For an 1ndlcat10n of the percelved.role of the firm, respon- »

. dents were asked to rate on a seven p01nt leert scale market

type (stable/volatile), innovation (follower/innovator)4and*

importance of R & D (no involvement/extremely impértént)m.Approxi“-
mately SO%.of the-eﬁecﬁti&es.considered-théir market stabie-while~
12% considered their market extremely*voiatile; Fewiéércei§edlthéiﬁ;
firm as'a~followerx‘Rv&vD.inVolvemeﬁE.was~ra£éd as.an-éxtreméiy'

iﬁportant activity by only.about 16% of.the-respoﬁdents;,

- Confirming the.a~pribri'dimensions of the information basket and

questionnaire item . appropriateness. .

Eéctonfanalysis wasgusedtto;confirmﬁwhethervthewé—priori
dimensionswcorresan& togempirical éat#erning‘df.yatiables.‘ “

Both.éeneral’theoryiand:observation”df the.éérée‘line:.
indicated that.éix.tc eightlfactors,cpuld be:reasdnahly.extréétedt"
Factor analeis;was.run,‘therefoté, wiﬁh¥varimax rofatiqn.béing~
doﬁstrainediﬁd fespedtively'six; seveﬁ?andfeighf fécto;sﬁ_Anéleis -
of'thisrfactor'fangegindicated‘tﬁat.Sevén fa¢torsayieldedgthe;

optimal_granu;arityﬂlevel; Results;éf thé:varimaerotationa<

Nt i A S i wamten 4 s e o o o e e et a wer i e e s o
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indicated that some of the items had high loadings on a number

of factors defining correlated factors, Hence, direct

oblimin was performed for a somewhat correlated factor space

(delta = «0.5). The resulting factors were: (1) general economic

conditions, (2) profitability and sales, (3) government supbOrt_\

for R & D, (4) project evaluation, (5) information, (6) taxes,

and (7) inducements for R & D.

Table 3 presents the significant factor loadings with items

ordered according to their a-priori theoretical Clusters; The

’

relative weights for each factor were calculated as E 113/22 lzj"
iy :

where.\lij is- the factor pattern loading of item i on variable J

for the variables loading significantly on each factor. They are

presented in the bottom line of the table.

- wwre. wme  ——. e - cam  ewe

.

. Analysxs of 1nter~factor correlatlons revealed the follow—

ing a55001atlons- The tax dlmen31on correlates 9051t1vely with
general economxc:trendsrand:morenweakly'thh~government.support;'
for R & D, Brofitabilﬁty'andisaleS-correlates poéitivelyuwith

‘»project‘evaluatien\(both dlmen51ons include R & D pronect

evaluation items). Information correlates negat;vely w1th both

*thefprofitability~and‘1nducementwfactqrs; Government support.

and information are alsohsOmewhatﬁpositively'correlated}.whileﬁ

government support.and:taxesaarersomewhatAnegativelyacerrelated;

The final communality estimates: indicate theﬁproportionnof"

the;variance‘of‘each-item»thatais“explained.byythe:factor‘space.

The'ordered communality'estimateS'areﬁpresentedein.Table‘4Q The

factbr‘space:explains.about:60% of;the»variation‘of“the-items;H~A

A few items load 51gnlflcantly on two.- factors but analysms'

. reveals. that such duallty is. theoretlcally warranted For ex-

- ample the-item:.general trendsxln;growth,:loadedzonfboth_theugruq

il

Sema s e
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A

" factor representing the dimension of general economic conditions

and the factor representing the profitability and sales: dimension.

Expected inflation (loading on factors 1 and 6) affects the forma-
- tion of general economic expectations and appears as -a tax or

reduction of real proﬁits.,Favorable-tax policies Cloading‘oh

factorsVB'and 6) appears as a tool of government support for R & D
and as a reduction in' tax. Expected growth of goverhmeht expendi~
tures (loading on factors 1 and 3) affeets EOrmation-oﬁ expecta~
tions and»appears.aslgovernment.support.for R‘&HD‘apparently re—.

flecting the assﬁmption that growth of government expeﬁditures

means more contracts and grants for R & D and market support.

— e s we e aee e e

— W e e e s wee e

Two items are not s1gn1f1cant in the factor space..average

profit of the industry groupand availability of sclentlfically

trained personnelv

The factor analysis conflrmed to a large extent the hypothe—
sized dec151on dlmenSLOns (see Table 1). Government items separate

into five groups clusterlng w1th other items: dependlng on.

'functlonr Interest on government bonds -and growth of government

expenditures cluster with the: general economic items to form

factor 1, general economic conditions. Government surveys and’

.government information cluster with private surveys. to form

factor 5, information.

Tax related 1tems cluster with inflation to: form factor 6.
taxes. Pollutlon control and favorable tarlffs cluster with.
expected product1v1ty change. and energy requ1rements to form
factoxr: 7, lnducements to R. & D. The remalnlng government 1tems

form factor 3, government support of.R;& D.

'F~Mw@~wThe+market*characteristiosrand?project£Characteristics;alsda‘”



Table 4: Final Communality‘Estimatés

' FEAS STUD - 0.79 AV PR FIRM 0.48.
AC DEPR RD 0.74 : COST SLS | .0.48
EXP PAY B 0.73 P .GOVT CON =~ - 0.48
GOVT SURV 0.72 ' GOV EXP GR 0.46
FAV TIX. POL. 0.70 . ~ REC SLS GR. 0.45
EXP SLS GR - 0,67 FAV TARIF 0.44
GOV SUP MK’. ' 0.65. RD MKT SHR - 0.43
GOVT. SUBS 0.61 EXP E REQ. 0.43
'STK MKT TR 0.6l . LIFE CYCL . 0.43.
EXPINFL : 0.60 _ POP GR: : "f0'42‘
" GEN TRD GR ~ 0.4L
GOV INF CH Q.58 ~ EXP PRD CH 0.37
SH.T BAMK. I  0.57 L I GOVT L 0..37
BAR'TO ENT  0.57 ' PATENTS. 0.36
BAR TO' ENT' ~ 0.57 | AV PR GRE' 0.35
" PRIV SURV'  0.57 , INVENT TR 0.34
EXP GNP GR - 0.55 - ~  SCI TR PRS  0.33
AcéL-DEpR,' 0.54. ‘ ,‘P”TECH suc .0.33
STABL MAKT 0.54 o 'E'QJ'L]‘."...»-CONT | . 0.31
, I I GOVT'B  0.54. o
; UNEMPLMT 0.53.
2 AV PR.ECON  0.53 A S
! EX W SETTL ~ 0.51 - RD HISTRY'  0.16
- . RD SALE CLi . 0.50:. | o -
) ' FOR EXCH R 0.50
'RD" ROR: 0.50




"compare&.to,two;measures:gthe~probability‘of'correct alloéation~~-

splittué. factor 2, sales and profitability, includee’firm~-
characteristics and market stebility and project releted~items
that reflect‘chanée in sales and risk. Barriers to entry (as a
risk item) and patentability cluster with project eommitment.
items (relative size and payback) and the rate offreturn.

RESULTS -

General Patterns of Information Preferences

Table 5 presents the average importanee ratings of‘the-itemst;
The most important items.are.those-pertaining to the following
attribute dimensions: the*groject, the firm and theemarket, Mbst‘;
of:the high ranking»items:werevproject~specific (with'expected

gtowth of sales for the firm completing the set of important

Adecisidn cues).LThe~itemsnreceiving theilowest'ratings.included

' indicators of general economic trends and monetary policies..

Gy, S dw— — —— ——

Insert.Table-S_
~about here -

Tor examlne dlfferences in lnformatlon preferences and relate
them- to executlve -attributes and flrm characterlstlcs, dlscrlmlnant
functlon analySLS was employed. USLnggthe levels;of'each attrloute'
andesome*qombinationS"of:attributes,‘alternative claesifications‘
of’subjectsfwere<defined;'The ratingsvdfithe-forty-seven:infef—~'
mation: ltems were. used. as potentlal lndependent varlables in. the

various discrlmlnant functions.

The percentAof?the respondentsacorfectly'classified‘isra“_
measure»df.the adeduacy of the anaiysis; Half the groupings
vielded accurate predictions for at leaetf8o%toffthe'cases;»~V

(see.Tablef6).»The_accuraey.of‘the discriminant functionszcenfbe»‘
: _ ™ _ T T e




Table S5:. Ranking Qf'Items by Average Importance:Ratings

High

RD ROR
P TECH SUC
EXP PAY B

RD SALE CH

RD MKT SHR

EXP SLS GR .

COST SLS

Above Average

AV PR FIRM
SCI?TR‘PﬁS
BAR TO ENT
GEN TRD GR
PATENTS

FAV TX POL
RD HISTRY
STABL. MKT
GOVT SUBS:.

EXP' PRD CH

LIFE CYCL.

Average

REC SLS GR

AC' DEPR. RD
POLL. CONT
PRIV SURV.
FEAS STUD:
AV PR GRE"
ACCL DEPR
EXP E REQ.
GOV SUP MK
EXP GNP GR

FAV TARIF

"EXP INTL

5.71
5.64
5.42
5.35
5.05

4.99.

4.84

4.72

- 4.53

4.42
4,32

4.32

4‘.».3 2
4,23
4.22

4,17

4'0 04

4.02

3.87
3.83
3.54
3.43
3.42
3.39:
3.39"°
3.33

3.27
3.13

3.08 .
3.05

Low »
AV PR ECOUW

P GOVT CON

EX W SETTL

GOV. INF CH
GOVT SURV
L I GOVT L

' POP GR

SH T BANK I

GOV EXP- GR

FOR EXCH R

Very Low '

INVENT TR
UNEMPLMT

'STK MKT- TR

I I GOVT B

H I GOVT

B
DI GOV B
L. I GOVT B

2.97
2.94

2..89

2.67
2.56
2.49
2,39
2.32
2.08
2.0L

1.91
L.77

1.72
. 1.39
S 1.36
"1.27

1.23




by chance and the probability of maximum‘allocation.(Morrison,

1969) .

The discriminant analysis performed better than the pfob— N

ability of maximum allocation in all cases..On~average‘the.dis—

criminant analysis performed 30. percentage points better than the

probability of allocation by chance, indicating a high degree of
acouracy. (Note that there'is some upward bias incorporated due

to the problemof classifying cases used in the derivation of the

tdisCriﬁinant fundtions, see:Frank et al., 1965).

The' canonical correlatlons for each function are also ‘pre~

‘sented in Table 6.

— a— v w— etmw  wmmp et w—

Insert Table 6
about here
Tﬁe<important'discriminating'variablesifor eachtclassifica*
tlon of subjects are presented. in Table 7 along ‘with the group

centrOLds. When there are only two groups, the group centr01ds are

‘ separateduby at least:one'standard deviation. Important varlablesf

are defined to be those Wlth standardlzed coeff101ents of .4 and
above. The 1mportant variables. are helpful in naming the dls-'
criminant dimensions.. Here~the‘d1menSLOQs<are~def1ned-by theg
factors<associated§with‘the:importantltafiabies.“In:thenoasewof
two functions,. somer varlables are lmportant for both . Varimax:
rotation would be a useful tool to yleld better separatlon of ther'

dlmen51ons but thlS option was not available to us.-

~Insert Table 7

Determination of the’ group - “that glves hlghest ratlngs to

theﬁltemS‘helpsgln 1nterpret1ng‘the~group-distlnot;ons-'
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Tabje G

Results of D{§criminan; Analysts 1n 44 tconomic ftems

. - R S Percent Chance Maximun Canonical
Groupings Yariables Definition of Groups Correct | Probability | Probability | Correlztion<
. ' 1. Presidents :
Position 2. Other Management g3 66 20 21, .56
3. Staff :
et 1, RED | : g
Department 2. Others ‘ 75 54 65 .55
o 1. <40 :
Age 2. 540 73 56 67 .52
‘ }. Bachelor's Dearee ez
E‘-’-““F’,"“ 2. Posigriduate G >9 7 =°
: ' 1. Ontario ' =
LQC?‘:?QU 2. QUEbéC 84 £8 70 63
E - i. High RD (> 3% value added) .
Industry - 2. Medium RD™{1-3% value addad) a7 47 52 .24, .62
‘ o 3. Low RD {<1% value added)
. 1. stable (1-3) ' |
Market 2. Volatile (4-7) 79 50 50 .57
o 1. Follewer (1-5) o
Firm 2. Leader (6,7) n 54 - 84 -54
L o 1. Little involvement (1-4) ’ ' ’
RD Importance 2. Important (5:7) . 83, 56 62 -65.
: 1. < $1 million .
- Sales 2. $1-50 million 71 N 46 .70, .40
S 3. >550 million
C o 1. < 100 émployees ]
Employment 2. 1C0-1090 employees 75 KL 44 .12, .53
: “3. > 1000 employees -
: 1. ‘Public, widely held
Owned 2. PubHc. control by few 64 35 39 .55, .43
o 3. Private _ o .
R 1. ”10(_),‘2_'. owner_s'hipi N
Canadizan 2. '50-99% ownership 81 40 51 68, .60
t o 3. < 50% ownership '
' 1. Yes ‘ ,
Contro} 2. Mo B2 50 8 62

“In order of importance when. there {s more than one discriminant function.
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Discriminant Dimensfons, Location of Group Cantroids, and lmportant Ofscriminating Variables

_Grouping Yariables - Name(s) of Dimension{s) L"c“ézﬁtrgfdGrOUP ’ Order of Important Variables and &roup Attention
Function 1 Fenction 2 . Function 1~ ‘ Function 2
i Position - . ~ 1. General Economic ' 1. 1.5% -.81 SH T BAKK 3,1,2 GOVT SURY 3,2,1
R o : . Conditions and . ) . GOV INF CH 312 .| BAR TO ENT 3,21
N S : " Information 2. -.10 . .26 ‘ INVENT TR 3,2,1 D ROR 2.1,3
R . 2. Government Support FOR EXCH R 3,21 EXP PAY B 3,2,1
S ' : . Gower pport 3.-1.857 . | -1.55 1 160VT B 32,1 GOV SUP BK 3,12
¥ : _ E““ roject o ‘ EX W SETTL 1,3,2 ~
i . . K valuation .
"Department . ) I. Ger.e ral Economic . a0 ) . GOVT SURY 2,1
, o : : ~ Cenditions, Govera- EX W SETIL C 2,1
s ) rant Support and 2, -.15 RD MXT SHR 1,2
: : . Szles . oo : FEY TX POL 2,1
' ' ) ‘ EXP SLS GR 20
GOV IIF CH 1.2
Sit T BANK 1 21
Age 1. Gzn2ral Economic A P ' AV PR ECO z,1
: Conditions, Tax, ' AV PR FIRM 1,2
- ang Sales - 2. =.37 FAY TX POL 2.1
: . ) : 1 ACCL DFR | 1,2
UJE'PL“T 2,1
, A WA i,z
_ Educaticn 1. G2n2ral Economic 1. .86 : FEAS STUD 1,2
S R Conditions, Sales, o ¢ SHT BAUK I 2.1
g S - Project Evaluation _ © 2. =36 © COST SLS - 2,1
' ‘ - arnd InfOrratton : . EXP G2 GR 2,1
: ’ . EXP SLS GR 2,1
. Location : 1. Gzeeral Economic . 1. -.43 SHTHRMKT . 3,2
L - . Canditions, Infor- : . . GOY INF CH 1.2
e ' ration and Govern- . - 2. .9¢ , L THYERT TR 2,1
- r2nt Support : , ' o ROVT SuRY 2,1 .
| \ P GOYT COM 1,2
f } EX W SETTL 2,1 _
Industry "’ _ 1. Information, Taxes, 1. .74 .32 AC DEPR RD - 3.2,1 sci TR PRS*  1,2,3
ST S " Inducement and Avail- ‘ , GOV INF CHT - 3,21 PATENTS* 31,2
. 2bility of Resources 2. -.46 -.45 ’ SC1 TR PRS 1.2,3 IHVENT TR* 1,3.2
: - - POLL CONT 21,3 P GOVT COM*: . 2,3,1
2. General Economic Con- . v ' '
* ditions, Risk, Govern- 3.-2.28 ?'44 _ EXP E REQ 2,y.3
oent Support, Induce-
rents and Availability
of Resources
- N CONTINUED

irportance ratings <.4. o o ' o

v
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Grouping Variables

Hame(s) of Dimensfon(s}

gacatfbh of Group

Order of Important Variables and Group Attention

- Centroid
- Function v Function Funétiod 1 Function 2
Market 1. General Economic 1. .57 ' .1 Y GOVT 8 1.2 '
Conditjons, Govern- : - FOR EXCH R 2
ment Support and 2. -.92 FAY TX POL 2,1
Project Evaluation . FEAS STUD 1,2
S RD ROR 1,2
IRVENT TR - 1,2
EXP PAY B 1,2
© Fim 1. General Economic Con- 1. -.4) P TECH SUC
ditions, Sales and ‘ EXP SLS GR
Governnent Support 2. .12 GOV SUP MK
, ' LFGOVT L
"EXP GI? GR
RD Importance 1. Governzent Supoort ‘ 1. .94 GOV SyP MK
B S " and Sales , _ RO HISTRY |
) 2. -.45
Sales 1. General Economic Con- | 1. -1.5] +.81 SH T BAVK 1 SH T BAIK T
: ~ dition and Sales ‘ - ' . EXP SLS GR FOR EXCH R
: 2. =-.35 41 I 1GOYVT 8 -P 6DYT COou
2. Ceneral Econonic Con- o ;
b itiont. earente s e " LIFE CYCL LIFE CYCL
" Goverpment Suppurt - o T
Emplojrent ). General Economic Con- 1.-15 .58 'SH T BAUK 1 PRIV SURY ,
. B ' ditions, Inducement, ‘ o e INVENT TR AC DEPR RD R
and Sales 2. =22 1 -79 pPOLL cout FAY TX POL R
ey foun . b POP GR L Sovr L .
¢ Tax, Goversment . 3. 72 .28 REC SLS GR REC SLS GR )
Support, -Sales and : . : P GOVT CO
Infarmation ' ‘ ) aH - ’
© Quned ! " 1. Geseral Econcaic 1o-.08 | -0 SH T BANK | UHEPLT
.Cenditions . - : INVEMT TR FAY TARIF
" 2. Gzneral Econcmic Con- 2. =58 -39 ?gg TiC;RR E!;EcgigLB
ditions, Sales and . g 21 b
I-njucemeﬂts - . ] - UhEl'.l)_LMT'
‘Canadian 1. General Econemic Con- | 1. -.97  ~|. -.09 " FAY TX POL BAR 70 £AT -
‘ ditions, Governments I ' . 116WT 8B . FAY TX POL
Sugport and Sales 2.0 .32 1,32 COST SLS . AC DEPR RD
21 Econc ‘ B T o EXP GNP GR EX GNP GR
2. General Econczic Con- _ el :
" ditions, Sales, Project 3. .52 -.38 FOJ SUP MK RD HISTRY
Evaluation, Government ' ’
Suppprt and Tax :
Control '»1.“ Generaf_ﬁéonobic‘COn- . -.63 . FAY TX POL
o ditions, Goverament - . EX GNP GR
Support and Tax 2 .60 SH T BANK |
: S 1] GOVT B
AC DEPR RD




The discussion of results that follows highlights the
relationship~o£Adifferences‘in information preferences to:

(1) decision makers' attributes, and (2) organizational character-

‘istics and individual attribute interactions.

EXecutive-attribctee andidifferences_in information preferences

Generally, a~preference for a broader basket of information
for R & D project evaluation, was indicated by»the“fcllcwing over=-
lapping groups: | | |

(1) the young
(2) the executives with. longer time.of
schooling) and

(3) the executives perceiving their firms. as.

- "leadexr" rather than "follower™.

Presidents focused relatively more than other eXecutives.

-upon. evaluation of general growth trends and wage settlements,

i. general expectatlons of 1nvestment cllmates. Senior managers
seemed to- focus upon lnformatlon related to expected returns on

spec151C'pr0posaLS'and avallablllty~of g0vernment support.. Other

»eXecutiveS4(staff) were*less discriminating indicatingvafbrcader

set of variables as important to R & D decision-making..This
result confirms the expectation that top level. executives concern
themselves: with strategic problems, while the next echelon of

senior management focuses upon tactical problems...

Ahalysis cf<the.departmental membeISQip;of‘subjecteeyields

support. to the observation that information selection reflects.

parochial:tendenciesr»R & D managers:in comparison;to~others,

-focus more: upon lnformatlon about.technlcal change whlle execu—-'

'-tives ‘in other departments dlsplay hlgher interests in general R
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market 1nformat1on. The exceptlon to thlS rule is a hlgher

lnterest of R & D managers in assessment of the 1mpact of R&D

on market share as opposed to general investment climates and

contribution to ovérall company growth.

Executives: based in Quebec tend more than Ontario executives:
to value information concerning inventory trends, goVernment\
support for market. development and expected“wage~settlementsr

while  the latter pay more attention to conditions of short~term

- financing and. direct government demand for R & D services.

These.distinctions were judged to be a function of‘different'

industrial structures in the two provinces rather than cultural

'dlfferences as English executives in Quebec did not dlffer in any.

significant way-from'Francophones.

“attributes

The:analysis:of discriminating'information preferenceszamong
subject.classifications:by'organizational attributes;'first
focused" upon: the level of commitment'in;the.firmito:R‘&eD; FirmS‘
with high R & D commitment displayed“a‘relativel?;low interest

in. information about inducements and incentives for R & D. This.

is perhaps a reflection of the lnstltutlonallzatlon of R & D

investments. as a standard operating procedure in. the perceived
general,markettrole.of these:organlzatlons; Loncommltment to

R & D was. associated with higher concernhwith tax ineentives~
and patentability of developments. Medium R &uDginvoivement waSg
assooiated;with preference~fOrinformation:abOUt'deritedldenands
for R & D. For example, the- probablllty of government contracts

and expected energy requlrements recelved ‘higher: ratlngs by

executives ln flrms with medlum R; & D 1nvolvement.

permemre kg e e Lo ekt e e bl — e
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Executives in firms with highly stable markets showed

higher preferencéé than other executivgsvfor info:mationVon
general economic trends, reflecﬁing‘a longer'plahning'hor;zon;
Those in volatile markets tended to'haVe higher‘preferences:
forusho:tmterm.informétion) such as, foreign‘exchahge*r;tes=and

existing tax incentives. : : . !

Executives. in firms whichjthey'perceived‘to be leaders, tend
to pay higher attention to general ec0nomic\condition5~thén
those perceiving their firms to be followers. The latter showed

more interest in positive inducements for R & D involvement.

Sales size effects upon.informationgueferences of;execu~'
'tives;séeméd to COnfirm'Galbraith's.claim that.large firms are
concerned with.govetnment.boﬁd intérestﬁasjé measure‘of_general~
economic. conditions. Executives from medium and.small firms,:
in éontxasbApaid higher attention to bank interest rates which’z

affect their costs..

Discriminant functions derived to‘ﬁiediqt claésification of.
'executives~by-the,employment size of.their‘firms;indicatéd*thé- 
‘following prefexénceS$AExecutiveéyfiom émaller.firms-weie more.
atéentive.to information . items: concerned with liquiaitj and’
direct suppqtt for R & D The distance in group céntroids:be—
tween-exeéﬁtiveS»from-medium and”large firms'was;iesé-éhan the
distancefbetweenneither*of;them-anduexecutivésffrom«SmaIiifirms;
This may reflecﬁ-a,siée:threshold phenomena in organizational

- decision procedures..

Ownership and firm control have several interesting associa-
tions' withinformation behavior of executives. Executives from

'firms1which_are'publicallygowned-énd}the.shares ofgwhich_ére
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widely.heid tended to pay more attenﬁion than other éxecutives-
to sgock markét trénds, unemploymenfvievels and produét life
cycie characﬁefistics, Those ffom~privately ownedxfirms showed
higher concern than others with intefest rates and fofeigﬁ ex-
changefrates. These differenCeS»may'reflect.the‘aitérﬁative
potential.financial sourées perceived,by'these“gréﬁps for R & D

investment funding as well as differences in performance evalua-—
tion criteria. |

The?thfee groués;of éxecutives.plassified-by5£hé.degrgg-of
Canédian/control_ih their firms we£e eqﬁally distéhﬁ in the dis-
criminant spacet‘Botﬁ dimensiohs included general. economic
conditions governmentAsupport and sales. The sécond.dimensiOn
inéluded:also project evaluation andjﬁaﬁ, The first.dimensioﬁ
items were all rated as highly importént'by group 1 (IOO%'
Canadian ownership) Ffollowed by group 3 (1ess<tha@'sé% owner—
ship):.. This\dimension separates gfoup‘l-from.the other groﬁps.»
The”second;dimension separatesagxoup 2'ffoﬁ:groups:l andAj;
Group 3 wasxmosé;concerned;with acceleraﬁéd‘depréciat;on of"

R &~D»ahd R & D history; whileugfoup,l‘rated.higher.tﬁe remaine

‘ing items: in the second dimension.

Where Canadian:owﬁership<was sufficient_for'dontrdl,!the
'executivéS«werefconéernedfwith.favorableftaxvpoliCieé, éhortv
term bank interest: and accelerated depreciation Qf?R &iD. In-
firms whére_contfbl is not.held;by Canadian.intereéts, éxeCu—

tives were concerned with general economic conditions such as -

expected growth of GNP and the interest on‘goverﬁment»bondsQ




Firm - Executive attribute interactions

Tovidentify possible impacts éf interactions of individual
and organizational attributes upon iﬁformation behavior,;'
individual'attributesf——-position and dePartment; were cross-—
classified with the firm attributes -- industry, market, firm
R & D'importance, sales, employment, ownership and Canadian
control to identify new groupingszpf’subjects.~To keep'fhe '

numbéerf,groups manageable, only two position groups were

defined: presidents and other management. The discriminant func- -

tion always performed better than both the probabiliﬁy of chance

allocation and the probébility-of maximum allocation. Thg high-—

lights of the analysis: will be described for the two major dis-

criminating dimensions of the groupings.

1. Position. and Location:

Dimension 1 includedAQovernment<bonds, government information,

ﬁavorable‘tax.policy,*inventory,trehds, and . short-term bank

interest.>DimenSion,2:inCluded*expected'wage~setﬁleménts,-sales

change<at£ributed'to the R & D project, pollution control measures

and unemployment,

oﬁJthe variation'. Presidents of Ontario. firms were similar to
managers from Quebec firms on dimension two explaining 22% of

the variation. - . S : I o

Presidents were similar on dimension one”whiéh,explained,sl%u
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2. Position and Industry
Dimension 1 included government contracts,‘government sdpport
- ‘"of markets, government feasibility stﬁdies, avérage~profit of
; ."'_ the firm; foreign‘exchange‘rates, pollutiOn control,-inventory.
K trends, population érowth and short term bank interest.Dimension

2" included accelerated depreciation and goVernment contracts.

Presidents in firms with medium and low R & D commitment and .
managers in firms of high and medium R & D commitment were similar
on dimension one (explaining 35% of the vé:iation ) - Presidents\ |
and‘maﬁagers-of med ium commitmenﬁ firms were similar on dimension

y . two (30% of the variatipn).

3.'P§sition and{Market
Dimensibn.l included g?vernmeﬁt bonds, gdvernmént information,

polluﬁion~control andiérobability of'techn;cal.stCésswof the
. project. Dimension 2‘incLuded government_bonds;_éales ;hange P
. attributed. to the R & D' project, average profit oﬁfthe firm, foreign
excﬁangé‘ratey'iﬁventory trends,.ahdjéhortvﬁeﬁm;bénk.intgrestv ;

Dimension.one~separatedApresidents.of volaﬁile markets. from.

.other presidents: . and all the managers (explaining 51% of the
variationjaAOn:diﬁensiOn two, presidents and!managerS‘in vdlatiléx

markets were similar.

4. Position and Sales

Dimension 1 included government boﬁds,‘inventory~trend5iand
short Eerm bank interestglDimension‘2-included:general~trehds in 
gfowth,‘expected-wageusettlements;»expectéd,saieszqrowth; average

'Profit"offﬁheiindustry-group; short térm~bankfinterést.an&uthe"




" relative size of the project,

distance between presidents and management was moderate.
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For' the largest firms, position was unimportant. For the
smallest firms the~presidents and. other managers were far apart
in the discriminant space. On dimension one management in small

and medium sized firms: were close. FOr:the*medium size firms, the

5. Position and Canadian Control
Dimension Ll included govermnment bonds, private'surveys, ex-

pected wage settlements. and. short term bank interest. Dimension 2

' 1ncluded government information, government support of markets,-

~average proflt of the firm, inventory trends, populatlon growth,

short term bank interest, and the rate of return of the project.

Managers-were"similar whether‘the firm Was—CanaéIan:controlled
or not. However, pre31dents of each. group dlffered For'canadian
controlled firms, presldents and. management were SLmllar on

dimen510n>two=(explalnlng"29%Aof the varratlon).Whlle‘lnvthe non—Q‘

‘Canadian group, presidents were similar‘tommanagers on dimension

one (explaining 59% of the variation).

6. Department and Market

Dimension 1. included expected productivity change,nchangexin,g

market share attributed-tO'the‘Rf&'D project, average‘profitlin,

the economy, expected wage settlements, patents, favorable tax

" policies, and- average profit of the group. Dimension 27 1ncluded
'accelerated depreciation,,change.ln market share attributed~to

the R & D progect, expected wage settlements, expected and recent’

sales growth, and rate of return of the R & D progect
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" on dimension one,R & D managers were similar whether their

‘markets were volatlle or stable (explaining 46% of the variation).

However on dimenéion.two) R & D managers in stable markets were

different from the cluster of all the othervgroups_(explaining

- 36% of the variation),

7. Department and Employment
Dimension 1 included.expected'saleS‘growth, pollution contrel,
favorable tax policies, inventory trends; and short term bank

interest. Dimension 2 includeé'governmentuldans, general trends

in growth, change in market.share‘attribUth.to.the R & D project,

average profit of the group, and growth of government expenditures.

Employment size of the firm was more important than department

~in determiningsimilarity of items attended.ﬁo R&D and other

executives. of large firms were similar on both dimensions. On

dimension one, a cluster formed consisting of both executive groups -

in medium.size firms,.another cluster consisted of executives in.

small firms_(explaining 41% of the variation).

8. Location and Salés:

Dimension 1 included accelerated depreciation, government

_27includes,governmentfinfprmatidny avalilability of scientifically

trainedipe:sonneL,.change;in market share attributed to. the R & D -

project, expected Wage,settlements'andgexpected‘salengrowth.

Sales siZe-Wasﬁthe basisaoffclusters;on the,firstfdimension
rather than location (explaining.38%iqf’the variatibn)yfonfthe
second diménsipnyJOntario'firms'Qf'éllfsizes\and.Vléfge'Quebec'

-contracts, expected sales growth, and population growthﬁ Dimension -

K
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ffirms,fOrmed~anotherrsimilarity group (26% of the Vafiation).
POLICY IMPLICATIONS.

i, The study has identified significant differences in infor-—
mation‘selection patterns among executives. These were associated

to differences in executive and firm attributes.

" The study suggests that strategies aimed at improvements: in

the specific attributes of investment opportunities‘will be
universally attended to., In contrast measures aimed at improve-—-
ments of spécific.climate attributeé or measures which«provide
specific~induceménts_for R&D»stimulation-will have a highly

selective impact. "Social marketing"'strategies to stimulate R&D

must providéra.fit‘in cohtént to pfevailing‘information selection
patterns.of\executiveé»and organizatiohs; Similarity“groupings., 
such as those identified by this study, will constitute the |
apprppriate-térgét populations for specific strategic desigAsr
Clearly it is:also:necéséarysto“ensure;that Cther:chéracﬁeriséics
of‘fhefinformation diffusion process provide a fit with search'
and evaluation procedures..in firmst(e;g; fit iﬁ media type, form

of messages, etc.) and that barriersto actions are removed.

Further studies to provide this information are necessary for

;'improVément:nxthe'impact”of'interVentidn»upon R&D investment.
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Introduction

R&D management is a complex process. It invoives-éearch of the environ-
meut for opportunities, generation of opticns (projects), seqden‘i l’evaluation
at différent'levels of.the 6 rganization, projedt;selection, and 1mpleméntation.
To gain a better understanding of this process it is useful to investigéte its
vafious components, Schwartz and Vertinsky [32]‘have focused upoﬁ environ-
ﬁental scanning in the process.of R&D pféject selectiony While Scuder [35],

[36], [37] focused his inquiry upon the organizational problem of achieving a

consensus. This paper focuses upon anothér comﬁonent of the selection process:
the formation of individual preferences among R&D dinv stﬂent onortunJLLes.
.Speciaiiattention is paid to the rel atlonablp bu;meon the ch’rgctcri..ibs of
the executive s"cb aé his position and function, the attvributes of his organi-
zation and the tradeoffs he is willing to make in fo;ming his jddgments.

In a previous.study‘aAlist of forty~seven‘indicators reflectiﬁg the
various aspects of the R&D environment‘wefe identified after an extensive
literature review. These indicators wére rated by executivas. -The results
of that study (Schwartz and Vertinsky [32])Asuggest‘that.projectwspe;ific.
attributes constitute the information set on'wﬁich executivgé and R&D.
managers universally focus. In particular five project attributesitopped

the importaﬁce ratings, these weré:
'(i) " cost of the project felaﬁive~to.total R&D budget (COST)
(2)_I£he payback period (PAYB)
(3) the probability of techmnical and commergial suééess (PSUC)
(4)‘ market share-impact"(MKT) |

(5) expected rate of return (ROR)




Consequently'these attribu;es wefe,s lected to represent R&D_projacté in'this
sfudy, with the addition of

(6) évailébility of goﬁernment funding fov thé project (GOVT)
The sixth attribute was added to measure ihe impac;‘of a strategy often used
By governmants (e.g. Cénada) to encuurage RSD. In addition to this empirica
justification for selecting these attributas f?oﬁ all the possibie chéractefi~
zations of projects, these attributes have‘repeived special atteﬁtiou<in the
'literature. |

Cost of the project relative to the total R&D budgszt of the firm is,a
measure of resource commitment. Economic theo;& would suggzst that the cost
by itself would not he important (a measure oprrofitabilityAshould:be con-

. ‘
sidered). . However, Mansfield [24, p. 310] found that the probability that =a

.

firm would fund a projact was negatively correlated with the size of th

o

investment required. Concern with fihantial-éommitmant‘is sﬁéh‘that,'espe-"
ciallj for small companies, poténtially‘profitabié projects may‘be.abandoned
before:they’have had a,real‘chaﬁce to succeed (Cooper, [7, pf.l75]>. For
other references on cost, see Scherer [31], Géfstenfeld~[15], Tillés [39];-
Ansoff‘and'sfewart [2], Mottley and Newton [27], aﬁd Allen [l].:'r ‘

The payback period is a measure of the time commitment to'a project.

Payback period norms reflect the subjective time discount and time horizon -

of the firm. It is also a. risk measure in that the longer the time commitment, .

‘the less certain the profitability and dther'estimétes. The payBack'period~for
R&D projécts is generally required to be shorﬁer than thét for-ihvgstmént'in
plant énd equipment. TFor all manufacturing- inthe U.S. in l961,:55%vof the
projects undertaken had an expected payback of less than 3 years and an addi-.

tional 34% fell in the 3-5 year range (Mansfield, [24, p. 15]). Gerstenfeld
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{15, p. 22] found that the payback period varied withvsize Qf fifm; the average
was 4.26 for large firms and 3.5 for small. The‘higg proportion Qf‘industrial
R&D devoted to development and applied reseaich is indicative of'fhis required.
shdrt payback period (Leonard, [22, p. 236]; Bright, [5, p. 6]). A maxinun
payback périqd may.aloo appear as a constraint imposed by management, thus it
maf be the deciding factor in project selection (Kotler, [21; p.-BO]), For
bther references, see Ansoff.and Stewart [2], Bréﬁks [6), Tilles [39]; Coouper
v . ] .

[7]1, Allen [17] and Hamberg [19].

The probability of technical aﬁd>cummeréial.success is a measure of
risk, . Iﬁ may be useful to modify profitability estimates by an‘estimaté of
the prqbability of success. As the risk increases, the value of'the_return4’
and the maximum expenditure justified decreases_(Disman, [ll, s 88]) except
in the case of risk seekers. The bulk of R&D'ié relatively safe (non-risky)
and aimed at small improvements din the state of the art. Mansfield [24, p. 56]
found that the a pricri estimated probability of technical sﬁccess for projects
undertaken averaged 80%Z. It ccems that firms genérally.do not initiatc‘a.pro—
ject until major ﬁechnical uncertaintiess are eliﬁihated. Gerstenfeld [15,
p. 22] fouﬁd:a.similarly high average of 71%. As basic research.projécts
are more risky than applied; a risk avoiding fiim wili fund more applied
ﬁrojects (Nelson, [28, p. 304]). See also Scherer [311, Ge:stenféld {15],
Quinn [30]; Anscoff and Stewart {21, ﬁcGlauchlin {23], Thurston [38], Coopef
[7], Tilles [39];)Cranston [8], Mottley énd;Newton 527] and Allen [ll.

‘Market share is often a subsidiary goal of firms. Froﬁlan économic 

point of view, it is a reflection of the competitive power of the company

‘and of ‘market security. Mansfield (24, p. 89] noted that increased market’

share seems to be important to some industries, e.g. petroleum and coal, but. .
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not for others. Mottley and Newton [27] propesae market gain as an auxiliary

variable in a scoring model for project selection. See also Peterson. [29].

i=h

Expected rate of return (ROR) is a measure of profitability in certain

environments. Projects can be ranked by thz ROR and salected in descending
order until the R&D budget is exhausted. Alternativéiy a minimum acceptable
ROR can be imposed as a constraint. Thé ROR has ghe advanﬁace_of incprpora—
ting both costs and revenues. For references, see Mansfield {24}, Disman [llj,

N

Quinn [30], Kotler [21], Peterson [29] and Allen [lj.

. Availability of goverament funding reduces a firm's commitment to R&D.

In Canada,as in the U.S., the government dirvectly supplies approximately 607

the funds for R&D (Brooks, [6]). Govermment contracts influence both the

o]
h

'type oi research and the atmosphere in which rgsearch.actiVities are under—
taken (Quinm, [30]). Aéovernment support for R&D.has;tended to be concentrated
in defense and areas that bring natipnal prestigg (e.g. ., space). This may
_result'in‘a misallocation ef fdﬁds (Leonard, [22], Brooks,A[6]) by liﬁiting.
the technical resources available For othét pursuits'(and‘increasing_their
costé), Oﬁ the other hand, decreasess in goVernment_fundiﬁg for R&D havé
resulted in- even greater concern for short‘tgrmlpaybff and the;undértaking,v

of few risky and basic‘research projects (Brooks, [6], Foster, [14]).

METHOBOLOGY

To identify latent structures of decision processes‘statigticéi“mod_
eling methods are employed. In:ﬁhis approach, frbﬁ repeated investmént deciﬁ
gsions. (in expérimental‘or real settings), models are eSEimatéd tO‘functionally'.
reléte project‘selectioﬁs and the underlying projecﬁvattributes,v Studiésf‘

using this approach have investigated decision behaviour in diverse. areas:




clinical.psychology (Goldberg, [16], graduaﬁe stpdent admissions-(DQWGs, ey,
student perférmance {Einhorn [13]), stock .selection {(Slovic, [34]), judicial
decisions (Kort, [20}), ﬁenure evaluation (Green and Carmone, [18]), and
physician decision making (Scﬁwartz et al. [33]). Different rules wefe
postulated‘to describe ;he process by which attributes are combincd to yield

a judgment. The majority of the studies, however, concluded that the.iinear
model provides an excellent representation of decisioh makers in man§ situa-~
tions (Dawes, ES]). éoldberg [lé], for.gxample, concludes that'if one?s'puf—.
pose is to reproduce the reSponées of most judges, thén a simplé lineaf model
will normally permit the reproduction of 90-1007%7 of their reliable judgment
variancé. As our prime objective is to devélqp-a "black box' model to.predict
rather than explain the selection process,‘we focus, in our anaiysis; mainly on
gimple linear or quasi-linear models. - (For a discussion of black‘bOX“modeIS" "-"
in contrast to-process—explanations, see Green [17]).

There have been.some criticisms of this méthod when used for prediction
.of judgments and detefmination of causal relatienships. Greén and Carmoqe (181
pointed out>that the'proceés of modeling might be influepced by thé<rating
.scale when.subjécps could supply. reliably only ordinal ratings. .In-addition,
if rating'data is ordinal, some configurai modelé (e;g. Eiﬁhorﬁ's.coﬁjﬁné;ive
model) cantiot be differentiated from the data fit of the additivé médél;' This
is the case when the configural models in .fact COnStitute;order-presé;ving
transformaéions-of the linear model‘(e{g. iﬁ,Einhorn'é cquunctive~model'a
logarithmib‘transformation'of data is used-to.produée a linear model).
Birnbaum [5], [4] claimed that using corfeiatipnslof-theoretical prgdictioné
énd~data as indicators of ”correctness":might mislead. He claimed that such
corrélatiqns could be higher for'incorrect‘modgls than,fcf.co:rect ohés. He

suggested that functional measurement. provided. a sounder basis for model ‘




evaluation by placing scaling in the context of model fitting and by testing
deviation from pradictions rather than concentrating upon overall goodness
of fit.

To cope with some of the difficulties of employing general linear

regression analysis to estimate decision modcls,  two alternative frameworks -

arve used., The first voute utilizes orthodox regression and imposes a test
procadure to screen cut models based upon ordinal perceptions of attribute
Al ’ . N
scales., This procedure, first suggested by Dawes and Corrigan [10] and
further developed by Einhorn and Hogarth [13], calls for a repetition of
' . ., ‘ot P . '
the regresslion analysis with equal weights. If R” values obtained by maans
.. . . . . - . A ) 2 N - .. )
of unequal weights are meaningfully higher than R” values based on equal
weights, then trade-offs can be imputed from the regression coefficients.

Otherwise, no trade~off inferences are possible on this basis. The second.

modeling route permits more flexibility with respect to scaling requirements

of the dependent variable. This route employs-discriminant'analysis~td.iden—

tify those attributes (and their corresponding weights) which explain diffei-

ences between groups of projects (those which are likely to be fundéd-aﬁd
.thqié which are not). In this»méthod the -objective is toipredict'grqupt
membérship on the basis of linear indiceé combining.projeéf étéributes and
grouﬁ assignment rules based up&n these:iﬁdices; The indicesv(discfimiﬁan;
functions) énd the assignment rules are estimated‘bf a stepwise‘procédurel
whichiselects-attributes so as' to ma%imize functional value diffeyénces-
between the a priori grdupings,

The’employment of tﬁese two competing modeling alternatives will

permit a further test of validity, the test of robustness.




The Experiment

Subjects were presented with a hypofhetical acononic environﬁenf in '
which they were‘instructed to m§ke R&D investment dgcisions. Thé prbjecté
were described by si% attributes: relative cost, payback, prcbaﬁility of
success, percent increase in mafket share, rate of return and.perccnt
government funding. Sgbjects were requested‘to indicate the probc-ility
‘that they would recommend fundiﬁg of eatﬁ project.

The gubjects were then presentgd with sixty project profiles. For
the first tem profiles the attributes were presentced in random order to
avoid attribpte ordering effects. For the remaining profiles ?he attribute

order was standardized.

The Sample

A Canadian sample was randomly selected'f?om‘the populatiocn of R&D
establishments (Ministry of State for-SCience and Technology [25]) plusgthe
remainder of the 'Top 100" firms (Morgdan [26]) not included in theiR&D‘
directory. A sacond~mailingy§aé-sent ﬁith replacements”for those firms
declining to participate as well as reminders to those firms which did not
respond initially. The questioﬁnaire~was:éent ﬁo the R&D dirgctor or to ?he
president of the firm. Ninety-three completed questionnaireS~Wefe returned
_(aboﬁt 30% response rate). The respénse distriBution-correspénded.well With
the population distribution of R&D involvement,“indi¢ating that'the~secto£al
'.breakdown in the sample is representative of R&D establishménf.frequencies
in the population.

The‘questionnaire asked for supplemental information~reléting'to the

attributes of the executive and his firm. TWenty'pércent of the sample are.




top management of which hglf.are presidents; sixty pércent are currehtly
employed in the R&D department of their firms,‘whilé the others.gre-dis~
tributed almosf gqually among procuction, markating,AandnfinanCe departmants.
The general level of formalleducation iS'quite-high:~ more thaﬁ'SO%_bf the
executives have had at least some post~graduaté graiﬁing,;

The characteriqtics of the firms are classified into two major infor-
mation dimgusions: statistical traits (e.g. Siée)'ahd'roia perception (e.g.
leadership). Half of the oxganizations represegted in thé,sample:héve saies
over $50 miliion; seventy pgrceﬁt of the fixms represenited in ﬁhe.sample are
either privately owned or controlled by a few interests. The samplé-is
almosf‘equally split in terms of_Canadiaﬁ.control ahd tepresénts‘well the
.staté of ownership in Canadian ﬁanufacturing.- Approkimately 50% of‘thé‘
subjects cqnsidaredvtheir'ﬁgrkets_somewhatAstéble and 127 conside;ed ﬁhgir
market extvemaly volétile; Ten percent considered‘éheir firm followers,
while BSZ'were.leaderé.. R&D involvement was extfemely importaﬁt for‘AOi

of the firms.

THE RESULTS

Regression Models of Individual Decision Makers

Stepwise linea: regression analysis was ﬁerfﬁrmed‘tp estimafe the
deciéion.model»for each executive. Table~l'presen£s the: coefficients of
thetsigﬁificanﬁ attributes., Eighty—threérﬁercent of . the regressions had -
R2 greater than ,80. The Einhorn\test wasmperfofmed and"the original re-

gression equations provided a better fit in all cases (see Table.l). This

suggests that meaningful inferences about trade-off patterns can be derived -

from the regression weights.
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The attributes in order of frequency of.significanceiare::-probability_of_
success (significant for 90%Z of the executiﬁas), payback (77%), rate of
return (67%), cost (46%), impact on market share (42%), and éovernment
funding (24%). Thus the'dimenéion consisting of success probability, timé
commitments and profitability assumed a prominent role iﬁ thevselection>pr64.
cess. This_result is consistent’with ratings of iﬁportance reported in a
previdus study of the econémic and environmental factors in R&D decisiom
making (Sclwartz and Vertinsky [32]).

« - - - For the'mosﬁ part, theuéign of the coefficieﬁts corrgsponded to those
tindicated by theory: 'cost and payback negative and the rest positive.

It is interesting to note that“the results ﬁrovide additidnal support
to Souder's observaticn [35], [36], [37] that'organizdtidnal-conéensus on
criteria often does mot exist.f Examining;_in fable 1, subjects from ﬁhe~same
éompany (i.e. subjects having‘thé same identity number but distinguished by
a different letter éuffix), cne can note that in all'caées excepﬁ one, markgd

differences in tradeoffs exist among executives from the same company.

The Group Regression Model

A regression model was run u;ing‘as the‘depéndent-vafiablés the.average
probabilityiratings of all spbjects for'funding eéch.of the1pfbjetts. The
" results are presented at the bottom of Table l.. To‘compare'the relative
importance.of the aﬁtributes, normalized regression coefficients’(scalé free)
are-also given; All the attributes appear as significant in the group -model.

The'order‘of.significance of the attribqtes is:. probability of successf(.79)3
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Yable X {Continued)

fegcueive . cosT pave psus KT ROR 6OvT R* R
i -8 .58 1.32 88 . a2
204 ' .83 .67 .03 v
2270 .83 .89 .60 oS1 .88 52
e AR S 1 52 <69 .27 92 48

“23% «.35 -.20 .55 .49 N1 i)
846’ -1 1.12 o 07 .29
250 =83 35 3 .27 .85 a3
83 _ 1.50 3 I
2534 $.01 =8 57 S o84 50
B53L ™adG .20 29 3.29 - .87 £3
510 <87 w28 49 1.0 .87 41
255 \ «.21 .63 .32 1.08 : .82 o5
28 .30 e.82 .92 ' 81 ) 82 .50

' a6e w5 &7 .69 .23 .87 A1
265 239 <30 .38 ' 1.0 .46 .25
an L B .4 4% ' I N -
2a1 «.39 B £3 ‘ 85 20
208 e 80 . 17 .53 -3 .93 .86 36
2a9 " .51 .49 - .55 2 8
35 <61 - o50 .78 .87 51
335 (s B £ .26 .48 AT .36
337 1.07 - JE3 40
358, -3 .40 1.70 86 o3F
357 S.58 J1 .23 .41 02 . .43
278 .52 oI5 . o B3 .93 44
362 ‘ =48 .89 ! ‘ .86 .32

£ 369 L =S .29 _ 1.67 .86 a1
3914 ~.31 -.37 .58 43 1.34 ©.93 .56
3918 .15 .61 32 1.01 .85 (49
398 . ~41. <26, 4 1.86 .92 51

400 .28 .79 .68 .94 46
§12 -.62 .66 45 ' : .69 29
416. -.20 .65 . 41 .93 43
432 _ .28 , 1.8 C S
436 -7 3 1.08 .93 .35 .86 .37
242 -3 .76 . _ .68 20
456 -7 A8 228 = 67 L
458 =31 -3 .56 .27 .24 .90 29
263 . S .23 .68 J5 124 .93 .37
465 -85 . -.59 .97 .34 79 o .90 .53
473 .41 .45 78 . 32 .88 .24
488 - 52 .92 .35 .93 .46
490 -.850 .60, , .69 .69 .32
495 -89 -.15 .42 .G4 48 .41
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Tab‘ 1 (Continusn)

Cké(,u’:'ﬁ\.a CosT

! FRYS psue HKT ROR COGOVT 8% Rg
1.0 4 ‘ . . 5
703 ~ L. 82 L2 .20 87 5
e =43 ~.23 .82 1.36 25 A4S
7‘.‘ "~68 "037 . . 053 ‘039' !0?7 053 oqo
?33 N . “.3‘0 . ‘82 -{;5 -Sg ev:‘“
Ak w37 .52 4 1.8 Ré 46
720 -.22 - 40 .8 .58 A7 .2 .55 U
fuerage . L300 .29 .24 .22 62 14 .03
# e 3 -
- {normafized)  (<019) 20373 (L79) ¢ (L¥8) (.42} {.16}
Note:

‘Entries are the marginal contrlbutlon of significant project. atLrlbuth
to the probability of funding derlved from linear regression equations (ac
.05 level of ‘significance). R% indicates the percent of the variation of .
the dependent variable (probability of fund ing) accounted for by the signi~
ficant attributes for a given subject; RH indicates the percent of the

variation of the dependent variable that would be accounted for by a linear

model using equal weights for thu attributes (the Einhorn test).. The
con51steutly higher values of R? indicate ‘that meaningful inferences about

tradeoffs can be drawn from the regression weights.
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rate of return {(.42), payback (-.37), cost (~.19), government funding (.106)

and impact on market share (.14).

Discriminant Analysis Models

Discriminant analysis was performed for each executive by grouping

profiles into high and low rated categories (probability of funding forv

. group 1 profiles was less than 50%, and for group 2, greater than or equal

to 50%). Other groupings were also tried and for scme individuals a better

‘classification model was cbtained, but on the average the 50-50 breakdown

h

obtained highest accuracy of reclassification. The results, in the form o

the standardized coefficients for the significant attributes are presented

in Table 2.

- e s mm e v e ke e em e e e wm

- e e mw we ek s ww e wm em e we we

The classification obtained by discriminant analysis performed better
than the probability of allocation by chance for all subjects. In all cases

except two, it provided more: accurate classification than the allocatibn to

the maximal group.

Probability of success was a significant discriminating variable fo;
952 of the execdtives, payback for 72%, rate_of fétﬁrh\for 70%, mafket share
for.SZ%, cost for 487, and government funding for 417%.  This order~i$ similar
to the one obtained from the regression analysis»(marﬁét and cbst‘havé changed
rankf but are.of similar importance). Government funding‘is;significant fqr
twice as many exeguﬁives as indiééted by the rggfeséion mo&els. .As ﬁith the
;egression mbdels, the*signs are generally in the theoretically expected

direction.



" Table 2

Standardized Discriminant Cocfficients far Significant Variedles

E.‘x’?(:iét‘.i;a COST PAYR pSUC T RGR GOVT PCCRR  "prAY ey
1 _ _ 35 87 78 75 63
3 -.18 G .64 .18 90 76 63
8 17 .72 57 42 ' .22 02 73 59
& - ‘ “-.§5 J2 42 35 .25 g8 83 51

j2 .90 .23 .25 g5 & 52
12 *.22 .18 8D w37 &5 67 56
¥4 ~.60 .62 .£9 A3 Sy g2 77 1
19 Te e 75 45 L6 82 67 55
20 4G EF e Ry 73 63 53
25 -.74 : .55 ' 18 97 . -3 72
43 -.13 17 .55 75 .25 ‘ 83 h 5%
a5 =82 23 .49 55 82 70 53
&7 .28 45 R 95 © 83 5%
49 2,05 i .10 .19 57 53 50
§8 - .26 .51 8 .EE 16 g0 63 53
. 744 o35 ‘ .51 78 62 3
"85 .17 .51 .42 i 79 58.
$0 019 -.£5 45 .42 82 57 - 8

- 90B w28 =38 .70 .35 21 a8 53 51

~g0g o w3 w2 = B --g8 68 -56

L8 AT .29 €4 8% 57 51

934 -.58 .33 68 60 85 51
93 238 -.32 .21 .37 .83 B 81
948 - *.28 .73 .16 .33 44 17 g2 55 g1
' 94r < 40 -.20 .22 .88 16 &3 52 5%
-] .64 -G8 .58 C8s 7 63
974 _— o o2 =15 .93 a3 52 5p
.10t .19 S .40 21 56 93 50 63
102 Sa50 =68 .20 B2 =2 57 £y 77
105 <15 .50 .56 23 75 63 .
315 A : .75 .30. .63 83 63 53
120 DU, .68 A4 .26 @2 .62 53
121 -83° .49 S [ S ¥ 83 60 52
127 ' =77 .39 ) .35, _ a3 65 .58 -
129 -85 .37 N T I gz 87 51
136 L -22 . 57 .50 " .26 50 80 63
150" <18 .68 .42 243 " e 50 50
152 -23 .92 .29 87 68 56
158 - S & .33 . .43 , 88. 7 65
179 T -.20 .25 86 93 73 61
192 - ' .57 d1 .8 17 0. 57 5
184 ) 24 .55 77 77 - 65
186 -8 -.65 . W26 ".44 .56 83 55 51.
RE | .81 i 87 67 56
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Table 2 {Soatinuad)

Ramcative  gost pAvR . . Dsue HKT ROR- GOVT -~ PCORR  PIAX pcit
204 23 .28 .93 %0 87 51
227¢ .04 .08 32 .23 80 52 &0

. 2270 -2 .39 . .28 .50 L7 &0 8 §
23 -85 -.54 17 .28 ‘ ‘ g2 ar - L&
245 .15 -3 .57 85 53 50
250 .95 .22 93, e3 72

283 R T 079 . 86 55 Y
253 - 273 -3 .40 CooaE o as e 72 60
253C : .54 A0 W61 .19 S02 52 50
2530 =300 e80T 43 -2t . .68 gr 62 83
255 a0 420 a7 .79 .25 o0 77 65
258 RN L 1 L - ‘ .30 83 - .50 50
254 : %A BN - .39 a7 g2 57 5y
269 S TS .16 .79 g5 53 5o
an -0 =32 .81 63 : g &y 68
281 ' RE 94 : .20 .85 58 - St
295 ‘ 52 L3 .29 82 .62 56
299 -.81 RES .21 S 3 85 72 60
325 .27 .50 - 77 83. 50
1335 =43 -.55 .35 o .53 T 92 40 g2
337 . 43 4 58 .20 &7 77 70
358 -.19 .50 .16 74 23 85 51
37 -3 -1 - .66 .38 .2 g2 . 60 ;62
278 ~:29 N A7 L83 80 55 81

. 382 [P S : , B2 78 . 50 50
339 .16 -3 J5 .08 7 60 52
2914 -.23 .42 . .32 73 90- 60 52
3918 - 14 .32 26 .84 92 73 61
339 -13 “2. 76 .16 .95 60 52 .

400 -.40 .56 .20 .55 %0 . 63 86
az -.16 -.80 .41 23 .24 A 75 63
416 L .81 ' s2 07 57 51
432 29 : 80 78 62 53
436 73 .14 A7, a7 87 52 50
442 -.23 .98 e ~ B 65 55
456. =31 22 - .88 .8y 73 61
458 .26 -.51 .72 .26 g .40 78. 60
463 -3 72 .62 .26 87 72 60
465 -.47 g2 ar .33 87 57 51

50 .
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B¥z 2 {Continued)

Executive COsY PAYH PSUC MY RO GOVT PLORR PREXPCR
l in b‘ . .
ey .34 .23 G0 .38 8g 57 51
58 ' .79 .81 Y g0 ) 50
450 ez ' W87 £7 82 60 52
ef2 - e 2A .43 5% KT S iz 60
63 .20 .33 .28 B .68 23 es | 53 &0
710 15 -.23 .25 ' e - . 8 65 85
713 w S «,32 .35 8 g2 gs g2 53
712 .23 .55 28 e3 52 501
s L o35 .25 3 ¢3 63 g2
720 .13 .85 .87 .29 R AT DT S - 62
A ' B SN R 75 36 P
g v " .. .68 .60 "oz és 53
,
Note: . . EE . .

Entries under project attribute headings are the coefficients of the
linear discriminant. functions. for each subject (at
These coefficients have been derived from.linear discriminant analysis that -
maximized the difference between the two groups of projects. Measures of
goodness of prediction are provided by the columns PCORR (percent of projects

correctly allocated by the discriminant functions), PMAX (percent of DrOJectS‘7

that would be correctly allocated if all were assigned to the .group with
the highest a priori probability of membership) and PCH (percent of projects
that would be expected to be correctly allocated by chance allocatlon on the
basis of a Erlorl group membership probabilities).

.05 level of siﬁnificance);
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The Group Discriminant Model

Two group discriminant models we:é estimated, assigning profiies to
groups on the basic of the avérage scorés. Two'grouéings-were t:ied: model‘
A had five groupings (<20%, 20-39%, 40-59%, 60-79%, and 80—100%)'and model B
had three groupings (<20%, 40-39%, 80-100%).. Both models pérformed beﬁter
_than allopatioﬁ by chance and.maximum éllqcation. The significant discrimi~
nating variaﬁles and their coeifigieats here’siﬁilar in both:models. Proba-
bility of suc;ess wag most impﬁrtént, followed by the rate of féturn.and
payback. The results are reported at the bottom of Table 2.

" Comparison of Regression and Discriminant Models

-

The ccmparison of discriminant models and the regression models
obtained for the same subjects provides additional eviderdce on the validity
_ N

and robusiness of the relationships. Table 3 presents the ordergd signifi~
cant attributes fox Soth'the’rggression and the discriminant‘models.(for_
ease of compafison, normalized regression coéfficients are ﬁsed)@ In twentyé
three of the cases the order of éttriﬁutes is preservedA(presérﬁation of. |
order here is_defined to include cases where more attributes are‘presént

in one modei than the other but the order of-the_attributes is the same

and the additional attributes are of the lpwest‘importance). In 68 of the

cases there are only minor differences among the models. In. only two of the -

cases are the models quite different.

There are two cases of counter-consensus direction of impact of the.

attributes that appear in both the regression and the discriminant models. -
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Table 3 ."{:ontinued)_ ]

PS G C H PO
' COMTINUED.

Exg%g?i;e - $ignificent Variables {n Descending Order
. fegrassion . Uiserininant

162 R »S ¢ : PS R G H
104 ROPS : 5 R
125 R G BB M - - P3G R OHS
i R PS Po 3 R PS

. 208 en . 6 H ¢

- gaie PS PB 6 ¥ . PB PS B 6
22 PS R.G FB . R G PS PS H
N 'S € oH o - £ P8 noPs
- aa6 PS . P8 1. ops ¢
*2s0 PS ¢ PB=R € s -
283 "R L R P35 R !
2530 PS € R PR G PS PB R G..
253C . R PS 3 € R PS- M G
2530 PS R P8 € . R PS C Pg=
255 PS R PR H R PS G P3 H
238 PS P R C PS PR C
264 PS FB H R P3PS M- R
259, R PS PB C R P8 PS=C
271 PS 1 B € M PS € PB
28%- PS¢ ' PS G PO

. 295 PS R G PB N R PS G
259 PB PS G . PB G H PS
35 6 PS GPE  f 6P C :
235 PSR ¢ B P R € OPS
337 R - R PS .M G
358 R PS PB L R PG ¢ PS ,
367 S CcR M PS R C 6 B
378 PSC & - .1 PSG C R

382 PS P8 R Py PG
389 R PR PS - . R PE C PS
3914 R PS PB M C L R PS M PB
3918 PS R M PGS R PS. W PB
1399 ‘R PS PB.C R PS"G PB

+ 400 PSR PB -} PSR PB M-
412 PS PB M .} PBPS R M C
416 PS G PB SR T A

" 432 R PS CRPS

- 436 P8 M R PS G ~ PBH R PS
442 PS PB ~ PS PB
456 R M PO R PB

© 458

PS P3 G PS=C



* Tahle 3 (iantin;ed}

Ez%fg?igﬁ ‘ o _ngnificant Variables in Descending Ordar
flagression » - Diseriminant
363 PS # PB 6 PS H P3G
455 . PS . PE R C M PS PB R M -
i¥ic) PS P8 N & : PE M G PS
483 ©PS PR R . PR OES -
&8¢ - PS C.R. o I A
s - ‘esmReP - CHDPSPER
i R PS £ .t R P E PS8 W
710 R PS PR G " R PS F2 C '
7 - | CRP PEEN | R PSPECN
sz PS F3 R o PSR PB
it : R PS5 P3 & g PS PR
720 PS B3 M R GG B PS P32 H & C
fg‘i‘;gﬁ PSR OPDC G A PS R PB

‘Note:

The entries are the significant project attributes in order of

contribution. Attributes which do not appear make no significant con--

tribution. (C = COST, PB = PAYB, PS = PSUC, M = MKT, R = ROR, and
G = GOVT). Though the two models pose dlfferent questions, the degree
of aLtrlbure order preservation provides ev1dence of robiustness..
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In the other cases the sign is correct in one of the two alternativeimodels
and/or the attribute is of low significance or does not appear atlall in the
altexnativeymédel. One executive had held preferences to higher costs re-
lecting perhaps a tendency for empire building. In another case market
“share had a negafive impact upon project funding reflecting perhaps a

concern with antitrust legislation.

The Group Models

The order of the three most significant variables is the same in both
models indicating that the probability of success, rate of return and payback

are the most important attributes for R&D project evaluation and selection.

External Valildity

While it is impossible. to ascertain external validity as the real
decision environment is.cbnfounded, several unsolicited comménts submitted by
the respondents provide some evidence of credibility. Consider a few exauples:

a) Executive #93A

Descyigtion:
Subject is a manger of the sales;&epar;meﬁt in a chemical. firm with
sales. of $1~10 million, privgtely owned, not Canadian controlled.
Market-is.somewhat volatile,;firm-is.é ieéder.and;R&D is extfemely
.important.

Subject's Comments:

"In the case of my own company R&D is largely financed by sales of
exlsting products so that the influence of-government'subSidies and

changes in the money market do not genmerally enter into our product
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(or project) evaluations. We generally look for a rate of re-

turn of 30% or more, and a pay-back periodiof around 3 years,

1 .

* Qur impact on the market and the probability of marketing or of

technical success is also critical to our evaluation process.
This requires a considerable amount of market research and

clinical research before a product is launched'.

Models:

The models are largely in‘éongruence with these comments. In
thg disqriminant model the attribute order of significandé is:
rate of retufn, payback, and probability of success. The at-
tribute order is reversed in the regressioﬁ model. Market share,
however, does not appear .in gi;her model. But, impact upont

market is captured.perhaps_by the profit indicator.

b) . Executive #97A

Description:

Subject is a manager of the R&D departmeht of an elecérical :
products firm witﬁ sales of $50-75 million,.publicly owned -
with control by a few interests, not Canadiaﬁ controlied.'
Market isAstable,»firmlis a follower, and»ﬁ&D is;extremelyf

important.

Subject's Comments:

"In reviewing. the answers we have provided you might be
interested in noting that .we are a very counservative Company
that is involved in developing and marketing state-of-the-art

products. This leads to an intereSting~dilemma‘which~has beéen

solved through the use of. Government funding_(mainly'Canada
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and the U.S.A.). Every attempt is made to get any ISD effort
fully paid from eﬁternal sources. Very oftép we sell our R&D
effort outright. This has the a&vantage 6f‘acﬁi&vingflOOZ'
funding but the disadvantage that we do not‘have exclusive -
righté to the résulting product. We rely on our initial
experience with the resulting product as a means of remaining
competitive in any potential production requirement."

Models:
Government funding is most significant‘in both the.regression
and discrimiﬁant models. Market share is.aléo important'
(negative) in both, while the discriminant model includes

" probability of success.

" ¢) Executive #121

Description:

Subject is a manager of an R&D départment in a firm in the trans-

portation and communications sector with salas greater than $250

million, publicly owned, Canadian controlled. Market is ex-
tremely stable, firm is a.fdllower, and R&D is of moderate

importance.

Subiéct’s Comments: ' -

"We evaluated the sixty itemized conditions to indicate probability

. - of funding.by allocating points as follows to arrive at a ranking
order.’
Points
. Probability of success 50% 0
- - 50 to  60% 1
60 to 70% -2
70 to 80% . 3
80 to 100% - A
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¥ e

R&D cost as related to T >30%
total R&D expenditure . <30%

w o

Lo : ' Percent Market. . <10%
. : . : ‘ : >10%

i\]o

- Percent Government support <10% 0
: ‘ >10%. L
We consider that the above four criteria are the most important

~ones in our decisicn making. Probability of success is the highest

h ]

criteria commaﬁdingAthe‘maXimum poiﬁté 4) for~proﬁability of suc-
cess between 80 to 100%.
Afﬁef.es;abliéhing the ranking order we arbitrarilyvdivided‘tﬁe
,sixty.situations into ten parts giving lOOZ‘probabiliﬁy of fﬁnding
. to the top six in the ranking order and working our way down Ehe
laddex."
Summazy of the modei.proVided: probability of success ;nd cost
_ére_mostJiﬁportant@ followed by impéct on market.shaﬁe and.éovern~
ment‘funding;. - |
Models:
| The models are confirmed. by the comments. 'Invthe regression
model the order of the attributes is~probgbility of succesé%

cost, impact on market share and government funding. The disQ-

criminant model reverses the order of the first two variables.

d)'-Executive #253

o ' Descriptiont
Subject is a managef of an R&D department of a firm in the

petroleum and coal sector, not Canadian controlled.
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© Subject's Commants:

"Your questionnaire ... appears to assume that some level of
gOVernmgnt subsidy is necessary to maké'the-private sector
function. My own personal conviction is that éuchvpayments-'
.either have no effeét or distort the market system B; ancour-
aging industry to embark on uneconémic, unsustainable projects.
I believae the main problem facing industrial innovators in
Canada‘toda§ is to define economicaily viable projects in an

environment of -rapid inflation, price contréls, increasing and
variable government regulations and very heavy taxation."
Models: |
For thé regression, the only significant attribute ié the fate
of return. For the discriminant model, the important attfibutes
~are rate of return, probability of success and impact on market

share. .The models are supported by the comments: government

funding is not important and profitability measures are.

@) Ixecutive #711

Description:
Subject is a Vice President of a chemicals firm with sales of
$750-100 million. Market volatile, firm neither a follower nof

afleader,AR&D of moderate to low importaﬁce.

Subject's Comments:
A model of the procedure used by the firm Was.provided.'.Th§
model seiects projects to maximize expected rate.of return
adjusted'for resource aﬁd time commitmeﬁt by célculéting é’
discounted cost functioﬁlas a combinatidn of. the paybéCk

_ ‘andfthe'feiative cost of the project.




patterns.where differences are significant. .
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Models:
Inbbpth the regression and discriminant-ﬁodeis, the ofdér
of significant attributes was: rate.of“returﬁ, prdbability
of success, payback, cost and'impéci on market share. The
models are,gepefally confirmed by the comments with the

addition of impact on market share (low coefficient, .15).

Analysig of Winning Sets

This section deals with project attribute levels associated with high
probabilities of funding. We thus focus on those projects which received,

on the average, a funding probability of 70% or more in our sample,

- defining them as winning éets (see Table 4). After characterizing the

- e ee s wm e e omt me me e e e

V

winning set of projects for the total sample, we focus on differences among
winning sets for groups of subjects classified on the basis of alternative

personal and organizational attributes. One must note, hoWever, that the

high degree of fit obtained in the estimated group models of judgment indi~

cates that differences among individuals are relatively low, and therefore

one may expect similarity of judgment patterns among groups. The interpreta-

tion of intergroup differences .in judgment patterns will focus only on those

4

Generally, the rate of return for successful candidate profiles is

high, (greater thanm 35%), payback is less than 5 years, impact on market

share is greater than 15% increase, and government Ffunding greater than 34%.




PAYB measu*ad in yrs- Wontﬁs

The WINNING SET is the group of pro;ects with an avetrage probdb111ty of fundlng of at Jeast 70% Tor all executives

re~e1v1ng at least 70% for the indicated groups of exccutives. The following ure the executive groupings:

Giher, JtcL‘e, 4 = cthﬁ.;<,3l tila}. DBE

= Others fo:iuﬂef. 4 = o;nﬁr, ¥eauer)

POSITION (1 = president, 2 = senior managers, 3 = staff VﬂR (ET (1 = stable, 2 = volatile).

>$50 m1]11on) - EMPLOYMEHT (1 = <100 empioyees, 2 = 160 1000, 3 = >1000).  GHMERSHIP (1 = public, widely hﬂld 2
3 = private).  NON-RED MANAGERS (1 = Carmd.av control, 2 = non-Cenadian control). AGE {1 = <40, 2 = > 40}. UCATION
PBD/V A. (1 = > 37 value added; 2.%.1-3%, 3 = <1%). DEPT. & LOCATION (1 = RE&D, Ontario,. 2 = R&f, Guehe:,.3 = o,nc,g
EP] & KT {17= R&D, stﬂble,>2 R&D volatiie, 3 = DEPT. & FIrd {1 = RaD, follouwer

- Table 4 .
The Winning Set of Projects and Additions and Deletions by Executive Groups
ATTRIBUTES " EXECUTIVE GROUPIHGS
: j ' NOH-~R& £ c ’
cosT| pAYB' |PSuc kT [ROR [GOVT|POSITION | MARKET | SALES SIZE | EMPLOYMENT.| ONERSHIP |jini~ro | AGE | EDUCATION | ReD/V.A.| PP 1= & | DEPRRINENT | DEPARTHENT
ol el b2 [a e Jaly L2zl 2 st fe el e {alefsiilesla {1]2]s]alil2]a}s
50% j2-4 190% |24%49%{75% D
a5% {2-7 |93% |20%{50%|71% .
G |2z |0-9 |74% |37235%(34% | ' ) D D
2 fou |a-7 o2z |o9n|36ul60% [v |
== -
Z 1% (5-0 [95% |20%{42%(64% |D D
26% 14-5 {633 |495[37% ]88y | | D D b D D D p{ Ip o o |0
23% |1-9 743 |15%[47% |86% |D D D D D olp D
1% {2-4 (579 |26% {343 524 A A
31% {2-11 Jus | 6%{36%|34% A
2 |13 -7 624 381 [43% [21% A A A A A A
o - - - -
S {14 J2-7 (73n jaan |30 seu al a A A A A alnfia ta A A
a. : .
2 188 [-m freg |22n a6z 1o A A A A
S |10z |5-9 |68y |34 a2z lo2s A A
2 |15% |0-6 |eex | 3%je3kais | | A
- {50z Jo-9 |eex |e6% 302173 R A , A A
33% [3-9 |s2y | 5% |48y [75% | v o A
NOTES' ~ D = deletions ‘A= add1t10ns

The ADDITIONAL PROJECTS are those -

SALES STZE {1 = <$1 million, 2 = $1-50 million,.

puu]ic, centrol by few,

B.A., 2 = Post-Greduate).
ric, 4 = other, Quebsc).
» & = R&D, l1sadar,

brt
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Cost levels did not display a consistent pattern. Cost levels vary over the

total range. Probability of success is greater than 74%. The tradeoffs are

'striking for these profiles: if the payback is. less than 2 years, a proba-

. bility of success of 74%Z is acceptable; if the payback is moderate (about
: pay ,

2% years) the compensating probability of success must be high (about 90%);
the same holds for long paybacks (4% to 5 years) with one exception, a pro-
ject where a lower probability of success .(83%) was compensatad by high marhket

impact and high government funding. Other projects in the portfolio with ROR -

greater than 30%, generally had low probability of success or lomng paybacks.

Analysis of differences in winning sets (additions or deletions from

* the total sauple set) identified the following relationships between project

attribute tradeoffs and individual ouvganizational chavacteristics:

!

Presidents deleted from the winning sets all projects with payback

period highef‘fhaﬁ 2%ﬂyéérs and éii"pfdjéﬁféﬂwith high (>80%) government

funding}- Senior managers seemed to favor thé Winning set identified for the
sample as a whole; while staff executives were ﬁaking:more liberal tradeofifs
between rates. of veturn and risks, expanding the winning set with .two riskier
investment»altgrnatives.

- Executives in stable markets differéd-f?om thoée in volatile markets
in the ﬁrade-offs they made between probability of-suécess aﬁd longevity of
payback period. Those in volatile markets elimiﬁated from~tﬁeir-winﬁing set.
projecté-with~long payback periods,Legcept'fo thoée with,mérkedly high
probability of success. | | | ‘

Large companies. (with sales abovg_$504millioﬁ> tended to make more
liberal tradeoffs betweecn faﬁes of return.andnpafback4periods andibeﬁween
risk and rates of return. To the(winning set‘thef added pfojec#s Witﬁ

moderate rates of return and shorter payback periods as well.as projects




te

with higher risks and higher rates of return. Small cowpanies (with less
than'Sl million in sales) tended to accept high risks for high rates of

return.only if cost commitments are low and expected impact upon market

share is high.

Size measured by employment is positively related to the range of
risk trade-offs, 'Small companies (having gelow 100 employees) tended to
focus on safe projects only with high ROR'(?36%), high probabilify of success
(>90%}-and‘shofi_paybaék period (>5 years). Medium companies added to the
winning set safe projects with high expected rates of return but with longer
payback horizons. Large,éompanies (Qith above 1000 employees) permittedAthe

whole range of tradeoffs identified in our discussion of the average winning

‘set for the total sample.

. The impact of ownership patterns on funding prefersnces suggests

that public companies with widely held shares have greater concern with

market share fof wiiich they are willing té take higher risks. Concentrated
ownership. patterns (both in private and publig'éorporations) are not asso-
ciated with any such gttention to market share performance.

No differences were discovered among winning sets of Canadian and.
noﬁ—Canadian‘controlled comﬁanies. Howevef; wﬁen R&D project managers are
removed from the'sample, and -comparisons are\méde between the winning sets
of executives in Canadian and,non—Canadian'cbntrolled firmg, it is noted

that Canadian executives tend to choose conservatively, imposing higher

safety margins upon project selection..




POLICY IMPLICATIONS AND COXCLUSIONS

v

The study has several implications for government policy with respect

to R&D stimulstion in the private sector.  Fir

163

t, it sugsgests the‘ﬁsefulness
of general compensatory modéls for predicting‘preferénces amdng R&D investment
'opportuniﬁies. While we have demonstratea in énﬁther study the selective
1impacts of environmental économic variables upon R&D investment, a high con-
sensus was deﬁbhstrated in this study in execﬁtiva judgmeﬁts.of projacts by:
.their specific attributes. This consensus-was roflettéd_in the hiéh corTe~ -

spondences between predlcted values and observations for the models repre-

senting the sample as a whole, as well as the similarity of winning sets of

o

alternative executive and firm groupings.

.

; ' Differences in. judgment formation are realized mainly in ranges of

tradeoffs between riéks and rates of return. Govgrnment subsidies and
‘participation in funding in the brivate séctbr do‘noi have a high direét
impact4upoh R&D decisions. On the basis of commeﬁts réceived‘fromié variety.
of executives there is fear of increased level of government interfarencé in

managerial decisions associated with. receipt of government funds. This

(f  ' observation, in view of tﬁe tight upper bound; most companiés iﬁpcse upon
acceptable risk levels,gpoints.to a new role for government. The role we
propgse is that of an indgpéndent insurance agency.. Insurancejéerﬁits firms
to trade rates of return and risks;r This provides,an:expandeq choice-spacej‘
and many candidate projects rejected now as too risky (thoughsﬁiﬁh high‘.

ekpécted~paYoffs) may join the winning sets.

o i —— e+ e er e et svrrk Tkt + ammeean =+ e s m o Amasiaanm, v B e mn 4 ¢ Smmemmmn sy a4 sea SR A AmEA s TS a4 ¢ et Sl A s e e e mrfs srime Shlimaas Sm Sl sbeem et A et A e ae seeas
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_Introduction»

R&D activities — innovation, new.product development,

process improvements to reduce costs and product improve-

A

ments. to extend the life or market of a product ~'afe‘tﬁé
tools by which a modern company competes.(Levitt,~l966).The
economic health of a company depends on how well it-k¢Eps
pace with technological change. R&D is also glaiméd to be
an activity which can provide a.soluﬁion_to the problem of
stagnétion in the indusﬁrial hations,-Yet R&D maﬁagement.ié
fraught with uncertainties and risks. The success of re- -
search activities depends on the:economic-environment;vRe-
search programmes can guickly be made obsolete by events:
external ég the firm. Technological advances by competitdré:
~often require adaptive planning, making current plans:uneg
~Pprofitable. The‘riéks involved in sﬁch aétivitiés:aré.éssumea ;
Eo*restrict.commitﬁents bf.the privaée-éecﬁo: to-iéQéiQ. |
which,are_lower'than'socially_desirea,-eépeciéilj_whenza
‘conservative posture is édoptedibyvfirmS'asiaf résponée:tb
declining_econpmic.environments.-It is:‘thereforé,:the

policy for many governments. to seek direct and indirect-

means to stimulate R&D‘expenditures; For ekample, the4Cana—
dian.federal government. has been providing~financial assis-
tahce~for R&D since 1961.. (In-1973 al6ne“this1commitment 

amounted to $100 million.) There are many"pressurés:toﬁinf

crease such commitments,. especially in countries whose com-

S petitive international position has been reduced significant-
L . ly due to rising costs and the entry of new producers:. Yet
many doubts prevail as to whether such: commitments ihAfact

stimulate, or just replaée, private’R&D:invesﬁmgnt: Improved.
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results can only come from better management of the entlre

R&D effort

In this paper, we attempt to describe the "state of
art“ in (1) explaining R&D investment. behavmor, (2) nbrma-
tlve models for R&D decision: making, (3)nstudiesfnfvtarriers
to implementation of proposed R&D decision models.and (4).
investigation of existing internal R&D investment_aecision

procedures_(standard operating'procedures).

Determinants of R&D.investment“behavibr,

R&D is an activity aimed'at‘reducing uncertainty about

the environment inherent in new product/new process ventures.

‘It is an activity that produces and applies knowledge. R&D

manaqement can be~analyzed in the general decision making -
framewotk, R&D is an activity undertaken in response to per-

ceived- gaps in the fulfillment of corporate objectives. Thus,

'perception of this gap and recognition of need: are the first

prerequisites. The next essentiai element isfthe:perception
of control and. the recognition'of.opportunitieS'for trans-— :
fonming-the environment. This requires both_a&ailabiiityrcf
resources:and generatien of alternative projects,‘iheunext
tequirements for successful R&D~management;are evaluation

and selection procedures;

-

- The. llterature on. determlnants of R&D lnvestment pro-

vides a varlety of compllmentary focm of ezplanatlon. These

may-center upon. different elements‘lnhibitlng.orwstlmulatef

ing R&D investment byvaffecting objectives, cOnstraints or

'benefitnealculatiens;Schumpeter_(1971¢]p;37)fnoted an

.-
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apparent.clustering of_innovatlons_during_eoonomic booms;‘
Prosperity‘helpsﬁinduceoinnovatiOn fby:increasing_the;ex;.
pected‘returnsu Size’of .the general narket is-also important
in determlnlng lndustrlal research patterns (Qulnn 1966,
p.l4). ‘Thus .population growth by lncreaslng the market would"
bevexpected~to have’some influence on‘R&Dfdecisions.‘Bright
(1970, P 67) labels populatlon trends: & prime, but often
neglected, slgnal for the -10-30 vyear plannlng horlzon. He
'pOlntS out.that.the.Paley report on materlals.needs:for 1975
published’in 1952 was. based Onvfaulty-pooulation_forecasts
which led to under%estimates of demand. Keynes (1964, p.151)
pointed to the role of‘stock market trends in the‘formationl

of long-term expectations and, therefore, to~their role-in

. investment and 1nnovat1on heyne51an analysls would also

s901nt to the ihfluence of interest rates, . while Galbraith
(1x973) would argue,that profit and 1nternal savings are more:
important, as the firmsfin what he defines as the‘planning“

sector areﬁunlikely to borrow funds.

‘Much of ReD is induced‘by thenchanglng structure of réQ-'
souroe costs, thus expected,wagetsettlements, productivity'
change, inflation, andzenergy requirements are possibly“
relevant té R&D decisions. (See«Smookler, l966,rRosenberg,
1974, Kamien and Schwartz, 1968, Fellnery 1971 and Hamien-

and Ruttanyhl974.)

The exchange rate plays a dual role;depending on the
company. It may be an indicator of expected cost changes or
an 1nd1cator of demand changes.. Leonard (l97l p- 234) re-

ported studles that found. a po51t1ve correlatlon between




export performance and R&D effort in U.S. industries.’
The role of government as_it influenices R&D covers
several areas: direct influence on costs, indirect influence

!

on ‘costs via the availability of funds, supply of informa-

tion, and influence in ﬁhe mérketplape;‘Thefrisky.natdre of .

research activity results in a freefentefprise.ééonOmy
underinvesting in R&D, éspecially~in_basic research (Arrow,
1962). Also, publi¢VSupport for R&D is needed when returns '
accrue to more'fhanwthe'individual'firm;‘When sociai bene~-
fits outweigh-privaté-bgnefits‘through;diffusion‘of gains,

some government support may be necessary to ensure proper

allocation of R&D'effort. Thus_govefhment subsidiés, grants,

and loans.arexﬁade to encourage R&D.. Government aid to re-
duce the cost and risk of R&D and thus increase the benefits
may be of ﬁuch“imPOrtance. Favorable»tax,policies_imply a
cost sharing, also.reducing annindividual firm's.coﬁmitment,
to R&D. In Canadq, as in the U.é;; the'governmenf directly

supplies approximately 60% of the fundSNfér R&D. (Brooks,

1 1972).. Government contracts influence bbth«the‘tyPe_of[re—.

search. and the atmosphere in which research activities are

~undertaken (Quinn,ul967)« Government.support for~R&D.hés’

tended tb’belconbentratéd in defense and areas that bring .

nationél'prestige (e.gw‘spéce); This‘may.result in asmiSJ

~allocation of funds (Leonard, 1971, BrooKs, 1972) by limit-" :
ing-the'téchnical resourcesuaVailable=for.other pursﬁits

- (and increasing their costs). On the other hand, decreases.

in goVérnment funding for R&D-have.resulted-in evén greater

Lconcern for‘short-term~payofffrésulting;innthe~unde:taking

-of~few'fisky~and~basic*fesearéh”projects;(Brdoks;l972,Foster,.'

1971).
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Government also indirectly influences costs. by influenc-
.ing the market interest rate and expectations-of future pro-

fitability as reflected in the interest rate. Acceleraﬁed'{

<

depreciation increases internal fdnds,available( Govérnment
T@ o support of feasibility studies and market development. are '
also means of reducing costs -- specifically reducihg’the

external, social costs of product innovation.

The market influence of the government,includes'the
role of the gréwth and~size,of'qovernment'expendiﬁurés. This
is'reflécted.in'many ways including formatioﬁ.of:expecta-'
tions about the economy, inflation, growth of demand and

cost of funds. Tafifprolicy influences demand expectations.

"The government role in the social assessment of R&D and
‘the‘evaiuaﬁion and control of _technology'is impo:tant in~
_"“ﬁiréctly iﬁfluencianareas of'innovatibn; PoliutionAcontrol'
ana environmentaiAbrotecﬁion regﬁlationS'ha#éiinfluencé&-
innovative processes for handling waste materials. As noted.

by Bright (1970, p.63) "Social, political. and now ...eco-

~logical changes may alter the speed aﬁd’direcﬁion of the

"

innovative process." Technological forecasting must be con=
cerned with social forces such as special interest groups

and government regulations that will influence technology

and the acceptahée of change (Thurston, 1971).

Information gathéring and prccessing éapabilitiés aré
crucial to R&D decisions..In technologically orientéd firms
the’fime spent on ihformation‘gathéring is‘Staggering:'"In
wi@ a typical reseérch,laboratory scieﬁtists spend»éoé of Ehéir
‘time trying to look things up andllessvtﬁan-ZO%'abing WEat

they are paid for" (Drucker, 1975) .
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Market structure apparently playsAa~key role in: indus-

trial R&D but-there'is much disagreement about the precise

.patterning. of eﬁfects. Competiton, concentration  and entry-.

barriers may be important for R&D'deoision-makinglﬂResearch_‘
spending\can_be viewed as a means of creating-produot
differentiation.,Cooper,(1966, pii?&f reports that some
companies purposely develop products for small markets be-
lleVlng that there will thus be little incentive for com-
petitors to challenge them. R&D,wouldvbe low in areas-where

the. prospects for differentiation are low and also where

marked differentiation already.exists (Comanor,-19677 p.652).

One'would expect that competition-would;stimulate.firms to
innovate in order totacquire‘competitive\advantage~or_to re-
main competitive. Competition would<be~expected tO‘facrlitate
fast imitation of- technological innovation for the saﬁe

reasons. However, Mansfield (1969, p. l7)Jfound”that in~

‘novatlons spread less rapldly in concentrated industries.

Scherer (1971, p.370) observed greater'R&D 1n‘lndustries
where,the minimum:plant:size representsv4f7%;of theymarket
share andfthe‘required'investment is $20—70?million.a§
Beyond these ranges, there appear  to-be no "advantageSvto
entry barriers. In contrast, Schuﬁpeterf(197l) has argued
that monopolistic. or OllgOpOllSth vndustrles 1nnovated more
rapidly because the threat of entry. of new flrms:causes.
them~to-hehave:as competitors. ThisfviewtisVsupported,bf‘
othérs (Williamson, 1964, p.67). | |

Stahility‘of market, reflecting both'thefagefof=induStry

.and nearness to the: sc;ence/technology frontler, has been

proposed as an lmportant factorin: explalnlng R&D investment:
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behavior. A firm near the science/techhology“frontier must -
" be alert to possiblevinhovations by-competitorsiahd must
participate actively ih R&D to;maintain.its market\position,
When the. industry is far from the boundary (a.mature in-
dustry) , technologlcal progress is evolutlonary though
breakthroughs 1n other industries may make the entire

market obsolete - (Ansoff and Stewart, 1967).

Sales characteristics (both dynamic and static)Ablay
an important rolehin determinihg the importahce:of techno--
logy to the firm. Growing. sales might be expected to make
a firm more respOnsive to technological3chahge and lead to

’1ncreased research 1ntensity, however Leonard (l97l,p 254)
found that the causallty ran the other ‘way. Lithwick (1969,
p.5) observed that the evidence revealed a negatlve re-

*‘latlonshlp between R&D 1ntens1ty and growth Increaslng R&D

is antoffensive-strategy to combat stagnatlonh

Product life.cYcleoconsiderations have-been,incorporatedit
in strategic modelstfor R&D (Quinn, 1967; Rotler, 1967,
Tilles, 1966). Ansoff and Stewart (1967, p.76) stress the
importance of life cycle-for‘product innovation;>Shortb
cycle products require constant and continual product:
innovation, qﬁick response and-concurrent plahning by
marketlng and englneerlng d1v151ons. Dec1s1ons must be
based on approx1mate and incomplete data rather than- pre-—
cise - details. Long cycle products can enjoy-sequentlal
bianning~with:detailed R&D preceding'manufacturing,and

marketing planning.

'Ready’availability of scientific personnel may be-
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cruCiél,to-ﬁhe.deqision to undertake-a prcjéct.'In~thé early:

'sixties in-the U.S., the growth of aerospace and defenseipro4

jects placed a burden on other R&D programmes. The demand‘fof

scientific personnel in these areas increased the cost of .

‘otherrprogrammes,resulting'in a_slackenedfpacevqﬁ civilian

research. The slow down was especially érgnificant in low-

technology, mature industries where R&D spending-is‘sensitive‘

to economic .cost factors'(Brooks,'l972, p.115). Ahsoff and

Stewartn(1967;pl79);make the point that for successful in-

.novation it is -not necessary, and often;not.desirable, to

have a high ratio.of scientific tq-tota1 staff-
Availability_of funds afﬁecﬁs‘the £easibility‘cf R&D
investment. Wiliiam36n'(l965,p,67) contends that‘thé.ad;'
yantages~in financing,experienced'by large firms“enhance
inndVative perfo;mance. Yet,-affluénce.may-lead;tbwcom?'
placency.'CYért and Maréh (1963) postuléte'that ianVation
is ihduced-by market stress and pressure on profits; An~.
increase in profits relative fo the induséry.rate'appears to .

decrease R&D activity.The'poorF innovate3However,thé empirical

- evidence is not conclusive. Scherer'(197l;p.364)‘found that

the direction of causality goes the opposite way: profits -

are an indication of past innovative succesds. Patents'and

innovation lead to increased profit with a 3 or 4 year lag.

-

There isnmuch‘contradictory evidencé-concerning the

relationshipvbetweén‘size of‘firm'and R&D effort:andfeffect-“.

“iveness. R&Dzactivity.increases-wiﬁh‘thevhumber‘of employees

up to a level of .5,000.. Size up tqi$75f200'millidql«;is alsoi

‘correlated with increased R&D actiVity~(Scherery?197l;p;361);
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In general, the importance of a thresholdvsizeuhas been sup-
ported.
Scherer puts forth.a number Of hypotheses. to explain ‘the
association of size and R&D activity:
1. R&D, considered as a portfolio investment,

would result in advantaées-to-scale as larger -

firms‘can-spread the risk,
2. economies to scale in. R&D activity,

.3,"economies to scale with respect'to other depart—
ments in the flrm (interaction with other aepart—

ments. may lead to generation of new 1deas,
marketing channels, etc.), and

4. advantages in process:innovation.asvcost saving~
processes may have greater lmpact on large firms

with hlgh volume of output

- Another advantage_involvesreasegof*gaining government -

conrracts,for'research- U.S. Federal grants for R&D, for

: eXample, are more concentrated thanlinternal-funds. Firms

withhsdoo-or"more=employees-undertook‘88° of the R&D, this'
included 93% of the federally supported R&D and. 83 of

privately supported R&D. (Scherer, 1971, p.358).

Anong the reasons cited that large size 1nh1bits R&D

are the followmng

‘1. decisions are made by individuals not firms so

that risk spreading may  not:be Valid, and.

2. over-organization of R&D may. drive out creative,’.
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imaginative personnel. FugiﬁiVes fr6m~many firms
(e.q. Sperfy-Rand,»I;B,M;, Wéstern Electric) have
founded privateflaborétorieéu(Schererq 1971). -
.The effectiveness of R&D-expenditures_appéars ﬁo be
negatively felatéd~to firm size aﬁove a certain‘threshoid
(Mansfield, 1964). It was argued that large firms deVbte_a_
larger ﬁrpportion of their R&D;funds‘to-bééic, more riéky
and longer terﬁ R&D projects thaﬁ do smaller firms .
(Mansfield, 1969). ‘But it was pointed out;(Scherer, 1971)
that.largé:firms appeér-to haveﬁénvadvéntage‘in.thé lengthy
process of makingvinventions:commercially uséble.fHe viéws_

the role of different sized firms as follows:

1. small firms and independents play a major role
in generating new ideas, and
2. large firms play a major role in development of
ideas»that require large investments,(Scheréf,
1971,p.357).
For example, an independent researcher deVeloped the
idea for photbcopying but Xerox'Was'abie.to,invest-the

Sl6lmillipn required er deyelopment (Scherer, 1971; p,355).
Dupoht is -used: as an'ékémple of the,efféqt$venessaof'largeu
size for innovation. But many of their inventions resu;ted
from‘purchasing;of-rightsvto:new=ideasf_iny'lO*or‘il Qf'

25 major innovatiohs:in‘1920—19§o were-diécoVeredlat7Dﬁpont's-'
laboratories‘fDuéont was most‘succeséfui"at makihg_process/. -
product'improvémentsvfaﬁher‘thanﬁinvénting;new ideas. This

“seems a general pattern.
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”The'basiC'innovativeness.of a firm -- its‘readinessrto‘ ;
percelve and act on innovative opportunlties -- may be a re- ;
flectlon of its past success with: ReD. Firms do what they - ‘ l
have in the past been good. at doing and av01d act1v1tles that. \
have in' the past led to failures. ThlS posmtlve relnforce~ ‘é
ment may also be related to a~cfit;cal mass requ1red~for"
successful innovation. Ansoff and Stewart (1967) find that
below-aoma thresholdtleveL; R&D expeﬁditure may be totally

‘ineffective.

In eValuaEing R&D opportunities, firmS'make”tradeoffs
among:three~classe§ of attributes: commitment of resources,

expected payoff and risk.

Mansfield (1968, p.55) found that the average project

.'size for electrical equipment manufacturers in 1963-64'was

“¥285,000." He also found that the probability that a firm

would fund a pfoject was.negatively corfelated with>Ehe size
Qf’ﬁhe-investment requireda(Mansfiéld, I968)¥p,3lQ). Raquire~‘
ments of financial commitment are especially important fdr.
small companies;of those with constrained acquSito:capital
markets, as potentially profitableuprbjECts‘may have to be’ -
abandoned. before they have. had a real chance to succeed

(Cooper, 1966,p.175).

The payback'beriod is. a measuré.of the timeicommitment
to‘a*projecﬁ - The. payback perlod for R&D prOJects is.
generally requlred to be shorter than that for lnvestment
in plant. and equlpment; For all manufaqtur;ng ;a.the U.S..
in'l96l,‘55% of the prdjeéts undertakeﬁ had an ékéected

'payback ‘of less than 3 years and an additionai’34%~wére'in7the‘
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3-5 year range (Mansfield, 1968, p. 15). Gerstenfeld'(l97l, '
p.22) found that the payback perlod varied w1th size of flrm.-
the average was 4.26 for large flrms and 3. S‘for-small The-
high proportlon of 1ndustrlal R&D devoted to development and
applied research is 1nd1cat1ve of this requlred short pay-
back perlod"(Leonard, 1971, p.236;,Br1ght, l968;p.6). A
maximum payback period~may also appear.as a-constraint im-
posed by management, thus it may'be.the deciding factor in

projectVselection (Rotler, 1967, p.30).

_A-variety'of expected payoff‘indicators are reported to
be nsed by firms. The most frequent criterion is‘rate-of“
retnrn but other expected performance'criteria are used such’
as~impaot~upon market share, increase in sales, etc. No data
on specific a&erage levels of expected payoffs‘are reported
in the literature (see Mansfield, 1969, Disman, 1962, Quinn,

- 1966, Kotler,.1967, Peterson, 1967, and Allen, 1970).

-Risk'is an'inherent~attribute ofo&D aotivities. Risk‘
can be. measured by two. 1tems.-probablllty of success and -
patentlblllty The probablllty of success incorporates: both
technical “and oommerc1al uncertalntles. As the rlSk‘ln*
Acreases, the value‘of“thegreturn and‘the max imum expenditure o
justified decreases (Disman, l962,,p;88). éhe bulk of R&D
is relatively safe (non-risky) andﬂaimed~at small imprOVements
in the state ofitherart; Mansfieldg(l968; p.56)ifound.that |
the ex ante probability of teohnical'sncoesS‘for projects.

undertaken averaged 80%. It seems .that firms generaily‘dO‘
.not 1n1t1ate a. progect untll major technlcal uncertalntles

are. ellmlnated Gerstenfeld (1971, p.22) found.a‘s1mllarly-.
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high average of 71%. As basic research projects are more

risky than applied, a risk avoiding firm will fund more ap—

pliedrprojects.(Nelson;cl959, p.304) ..

-Patentability.reduces the ‘risk of adproﬁect‘s~success-
by protecting the. innovating company fromwcompetitiod. Some
firms insist on patentability before undertekinq developmente
al risks (Ansoff, 1965, prllo,_Quinn,>l966, p.l24) . However,
Mansfield'1968) - postuIated that.patents‘are becoming

less important as the life cycle for many_high_technology

'goods.is quite short.

Normative models for R&D project selection and management

Many models have been proposed to analyze the R&D

‘management.problem;aThe1Suggested»models~of choice span the

‘spectrum from simple ranking/rating models with:minimal‘data

requlrements.to complex programming models. The' simplest
models ignore the‘complexity inherent in. the probiemr These
are the s1ngle crlterla profltablllty models. Often projects
are ranked by the selected criteria, the hlghest_ranklnq
projects are fﬁnded until the'budget'is-exhaustedl.ScoringfV
modelS"tcke:account ofla number~of.criteria ahd=agaih rely
on ranking progects for selection.: Disman's (1962) model is
in this category He proposes to define the max imum ei—-;
penditure justified (MEJ) for each project. This is funda-
mentallyca'present.value measure modified by the project's
probability of success. The formulae differ"depending on the

type of project. The MEJ is present value multlplled by the

‘“probablllty ©f téchnical success in the case of process
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iﬁprovéménts,ﬂWhile for hew products,the present'vaiue is
mﬁltiplied by both the~probabilitieé‘of“technica;‘and com—
mercial success. The MEJ'dividéd b&’cbst of the project‘.
is then an_index of:desirability (a bénefit cost ratip
taking account of uncertainty).'ProjeCts are ranked by the’

desirability index-and'highest~ranking projects are to be

. choseh. The Cranston (1974) model defines another profit-

" ability index that depends on estimation of the probability

of technical and commefcial success modified by.a "credi-
bility" estimate. Highest scoring prgjects are-chosen.and‘a
project is~réplaced:wheréver another has a’higher‘indexf
Mottley and Newton:(l959) §r0pose an index based énAfive
éritériai probability of sucéess, estimation.offtime to
coméletion, costlof‘project, strategic need and Size of
market.gain. This model combines.conSIdefatiOn of.both
quantitative and quélitative data. Recognizing that little
data is generélly available for.évalﬁation of.R&D_prﬁjeéts,
'ratings on‘each'cfiteria“cover broad-rangég (é.g.; prob-
ébility of sucéess; l=unf0reseéable, 2=fai£;3=high;:stfategic
need: l=no apparént, 2=deSi¥able;3=eSéential);'A project'is
rated on each critefié~and-the resulting numbers are
multiplied to give the,ﬁrbject a score. Thus, ﬁultiple
criteria are recognizedfbut.tradéoffs?among criteriava;e;not
evaluatéd.‘In none-of\theée:models isgany‘reférence.made to -

actual.applications, nor is practical.justification given

for the scoring components. Other scoring;mOdelsghavetbeen

proposed by Williams (1969) and Moore and Baker (1969).0

'depoth (1972)-applies Systém analysis~t6'R&D?ménaéemént-

‘at Xerox laboratories. A major partvbf the paper discussés
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- a system to standardize the definitons of product models for

project evaluationm(engineering*model) pre—prototype'quel[i_f-
pfe—production model, etc.). This-is integrated withﬂa’sdﬁeﬁe 
for programme planning énd evaluation of’téchnicai'qﬁalificaéA
tions and an identification of risk. Another7toolfdescribed_i
by Zoppqth~is DRAM‘(DecisionVand Risk:Analysis er Mahége—
ment) a risk and'utility_analysis-moéelvfor‘project évalua-
tion (similar to.Hertz, l968). Probability distributibns are
estimated for company'contro;led«variablesA(COSt, cap-
'abilities,'etc;)- Customer»utility;variables~are defined
élong with a probahility distribufion of the relative
weightS'fbr each criteria. Compénj dontroiled variables can

be transformed into customer utility variables thus giving

the value of any possibie»product develmeent, Simulations

rare performed., The first step is to sample from the compahy’

* -

variables to derive a "product" which ;s.donverted into

- customer values. Weights for the customer utility function

-are randomly selected andfapplied‘ﬁoathe‘prodﬁct:values

giving a payoff. Payoff is related to sales (placemehts)fand'

thus related to revenues and costs to yield net present
value. The simulation is performed a number of times to
yield the net present value curve. No indication . is given

how final choice is to be made.

A risk. analysis type model for budget réallpcation is
also_preéented.by Bobis-etkal.(l97l). The moéel has been 
used as an aid to‘decisiqn making by tﬁe~Organic-Chémicals~
Division of American Cyanamid‘éompany. The modelling.ledAto

a more farsighted portfolio. The 1967 model budget called

R TN e

- for a major redistribution of the.résearch'effdrt and the
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1970 budget closely resembled this distribution..

The procedure calls for estimateS"of'the probability of

completion and success for each expenditure level (reSearch]

curve for the project) and estimates Of*annual sales.for
each starting year. These are combined to yieldjexpeoted
sales:and!probability.for each expenditure~level.‘This then
explicitly displays thehtradefoff between increased ex-
penditures andjincreased funding. Data requirements for the
research curve_are minimal: the.research curve (a logistic
ourve) can be\estimated~with only three'observatdons: most
likely, optimistic and pessimisticvcosts, A scorihg;model

was developed to estimate the probability of technical

. success (five criteria with three classes each). It is not

spe01f1ed how the ratlngs on the crrterla were aggregated
but it appears that a simple linear model was used..
The solution technique-is not straightforward,}The

optimization prooedure was described in ‘Atkinson and Bobis

_(1969). The objective is to select a portfolio overtime .

to maximize the expected return given'annual budget'con-s
straints where the annual budgets depend ‘on- expendltures

in previous years. An lteratlve scheme is used to solve the

problem. The consideration of the pOSSlblllty of an lnflnlte

variation in allocation to each project ‘makes lt very hard

-

‘to solve: the model It would appear that thlS model would

be. unsultable for laboratorles with more: than a. few pr03ects'
to’ conslder and even 1n these llmlted cases, the solutlon

procedure:ls dlfflcult,

' The rating models serve as the criteria for more
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structured choice modelé which,conéidéf-explicitly.resource3
constraiﬁts. One of the most éomputationally effective opti-=
‘ j mization methodé-available for constrained allocdtioh prob-.
‘lems is linear programming..LP models enable'the.éxplicit
- maximization of an objective function and permit coﬁsider-
ation of 'a varilety of constraints in addition to the
budgetary one. The solution is in.the‘form‘of the entire
optimal portfolio. A short coﬁing-is the lack of consider-
ation.éf'indivisibilities (in the LP framework, a pfoject-
can receiVeAfuﬁding in any pfoportion that is.oétimal, even
if that makes no sense in terms of the project). Integer.
proéramming recognizes the inherent project indivisibiiities
bﬁtllosses:the relative ease of coméutation of the LP |
~ formulation. .
= An example of an LP model is déscribed by Moore (1974).
The model was‘Eeséed on U.K. Dépafﬁment~6f5the-Environment,.

Highway Safety data. The problem is to select a portfolio’

‘ 2{ of highway safety projects, Thegobjectiﬁe is to maximize

" the expected benefit/cost‘ratio;by~optimél,sélectidn of -
projects. Net benefits are defined as monetéry value of a-
decrease in traffic deaths, personal injﬁry énd property’

damage by increased highway safetym(B)‘minus the research

(R) and implementation (I) costs net éf:any other losses
. l (L) that may occur (e;g,{ deCreasé in‘qeaths may béfreplaced~by .
| increaéed injury).Costs-cén bé defined:either,as-research‘

costskalonevor research and implémentationacoéts deﬁending
on the relevant constraints. Uncertainty is,included by the
esti@atipn:of pgpbapi;ity of succeéé and probabiiityzof

implementation; these}ére applied to cost and benefit
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calculations to derive‘the~expected.net benefit/cost’rétiésa

The-valuesB,I,R,and L are eétimated”thrdﬁgh_interviews: subj‘
jects are asked to give most iikely, optimistic and pessi-
mistic estimates,'whiéh are weigﬁted~tb~derive the estimates.
The'planning_periodlwas 197242000.énd a lQ%_discounﬁ‘:ate
waSwapplied; The choice set included 41 on-going prbjects,.
36 variationsof these projects, and 21 pr0pbsed»pfojects,
Thekconstraints included budget and manpower conétraints,.
and the requiremenf thaﬁ mandatory prqjecté bé’underﬁaken.

It was not explicitly stated but integer'programmingfwould-

be required for solution. of the problem as forﬁulated as

-Aconstraints-require that not more than one versionlofra"pro—

ject be selected and that the version chosen, be funded
fully. .
Nutt (1965) describes a model designed in the Air Force:

Flight Dynamics Laboratory. The programme is designed-fo

handle the foilowing attributeg of R&D projgdt portfolio

selection: needs of the air force for various. systems develop-

ment, probability of success, capabilities of research’ team,

,dégree of support by project for'eachntask,.chtractgbut

versus in house development, relationship of support to

progress. and cost. The objective. is to selelt a portfolio'to

maximize. the total R&D effectiveness. (RDE) derived from -

the  budget. The data requirements-are-subétahtial though Nutt

states that all the information should»be‘éollected~in'any_

evaluation effort,Atmission_matrix must be defined:giving

. the system needs of the air force and each mission must be

giVen'priOrity.valﬁes. Each pfojeCt:musEube,evaluatéd-ih

terms df iussystancontribution, probability‘of-success;-and_:*'
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capablllty of the laboratory to attain the requlred
technologlcal advance. A lO~year time horizon is used. SlX
1lO0~year plans are generated for each project, The first is
based on the planned resource.enpenditureé, anotherduses
half the resources and-the third'uses double the resources.
A computer model lnterpolates to define the. remalnlng three
project plans. The value (RDE) of each project version lS‘
a function of the rate of expenditure, dlstance from: the-
statelof‘the art and timeliness of completion of‘the:project
compared with~air-force~goals, The RDE‘for'each.project ‘
version is. defined to be the increased probablllty of
success achieved in the budget perlod, weilghted by the

contribution to the goal and the importance of the goal

: eerved plus the increase in the confidence level(technical

\;capability) of achieving the goal. Constraints. include total

budget. for in-house and contract research, and contract and

in-house engineers. ‘Qualitative aspects Such as-capability

'of achieving technological advance and probability of

success are recognized.~Indivisibilitiesvarewhandled:by

_deflnlng six prOJect levels, though ‘the- lnterpolatlon may

not be valid- (if six, why not an lnflnlte range of versiodns).
The‘nbdel is aamethod of COllecting‘and‘organizing dataf'

about the:projects.. The data bank itself can serve the .

'functionyof after the fact evaluation of- researoh'progress

and research  effectiveness.

Cochran et al (l97l) describe an. lnteger programmlng

model that has. been 1mplemented by the Smlth Kline and French

"~ Laboratory to.a1d~management'1n R&D deCLSlon*maklng.]The‘alm

of the model was to recognize the~unique~problems of the -~
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pharmaceutical‘industry: long lead time.(lObYears) from con-

ception to commercialization of product'couplied'with high

product attrition rates and hlgh R&D costs. The model has
two components: prOJect evaluation and portfolio selection.
The.prOJect,evaluatlon component reduces the economic data
for all projects to a single‘dlmensionythe‘expected net
present-value’(ENPV). This calculation reqnires an.estimate.
of the cash flow from the project,- the probability of .
technical success,Aand the capital'disconnt factor. A 1lO-
year:product life is assumed. The management team for:the
project estimatesbthe cash flow. The‘capital cost is the

sum of the expected corporate-growth rate and the dividend
yield (reflecting return to attract_new-stockholders)lehe
actual calculation of ENPV is uhiqﬁe;»accounting for differ-
ianprobabilities'relating to costs and returns: initial
outlay is certain and weighted one; future outlays are

less certain as.projecticould be terminated, the weight
applied’is the'arerage of one and the probability of
technical success} returns are- uncertain and'are-weighted-

by the probability of technical success:

1~l + P

v

; %3 i~
=k+1 (T+R)

. n
. k. z
' L+p) 7 =

Where p is the probability of_technical success, R 1s the

_discountrate;_andxi is the net return (negative for. costs)

of the prOJect in perlod 1. The model allows for sens1t1v1ty

analys1s of ENPV with respect to cost and probablllty estlmates.

The: portfollo selection. component takes the ENPV data
and selects a portfollo to maximize- total ENPV. subject to .

flxed'budgetary constraints. Anclnteger programmlngj
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eigorithm'ie used. Eudgets are specified for a number of
years:(the-planning horizon). The moael'is conversational.and
ueer oriented. If a prOJect not 1ncluded in the portfollo is
judged mandatory despite low ENPV (1.e., lt is selected for
non—eéOnomic feetures) the budget‘tariatlon feature enables

a recalculation of the.thimal portfolio - nettiné-out'
mandatory projects from the project list andjcosts from.the
budget. This feature makes it easier to sell the model to
managers who recoghize that non-economic criteria are also
valid. Some limitations of the model are: (1) only few
projects can be«coﬁsidered, (2) only single versiens\of the
projects are considered and.(3f though possible termination

of projects‘is recognized. in the~calculation_of ENPV, there

:is no=feedback 1oop»tO'initiate-termination and substitution

“pf other projects within: the plannlng horlzon. The dlscount—~
lng of the future costs is 1ncorrect, maklng the prOJects

seem. less costly than they actually are. It would be better

to lnclude the full costs in the ENPV, dlscountlng only the-

benefits by the probablllty of technlcal ‘success.

Grossman and Gupta (1974) describe a mixed integer
model that is used in the Johnson and Johnson pharmaceutical
company. The aim is to develop a portfolio selection pro-
cedure to account for different types of research_act%vities
‘(exploratery, developmental, andtéroduct'support);~Thisfmodelu
is. more general’thah,the Cochran et.el. model: multicriteria
areaeollapsed into atutility-measure.that incorporatee more-

than present-value; parallel strategies-and interrelation

- amorg T projects are-considered, new and old projedtsﬂcdmpete'

for funds over the planning horizon,~various funding levels
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Of.prOjeCtS are defined, mandatory projects are also con-
sidered but they need not commence - in the 1nit1al perlod of
the plan. The model makes use of decentralized and speCial¥
ized informatlon of,different units in theiorganizatlon in
calculating project yalue. The model is iterative and re-

-

quires management participation.

":The first phase requires data generation for-each _pro-
'ject A novel approach here is to define "familles" of pro-
jeCtS. The families reflect parallel strategies of develop—v
ment or exploratory research. ThlS feature is a recognitlon
that working on- prOJec+ development from a varlety of ways
increases the probablllty of technical success; this is
accounted for by BayeSian methods. The prOJeCt-llSt then‘inf
cludeS'pseudO'projects‘that'are combinations of projecte in
the same family Multlple progect levels (normal, accelerated,

delayed) are defined for prOjeCtS and pseudo progects

The,assessment of project value utilizes a ratingvmode -
rvarious‘attributes are defined (e.g.., growth potential,' |
marketability, competitive products, contribution of new
technology to corporate image, stability, productive ability

) wlth respect to varlous resources). Executives and other
qualified individuals rate the project on'these diﬁensions.
on a five point:scale‘giving informationﬁonly where they feel
'qualified.:The'rating‘task for'each'ihdiyidualfis:relatiVely'
easy. This information is then aggregatednintoyaputility

value for each project..

The  objective is to select a'portfolio.of'projeCts‘ahd

pseudo projects to maximize utility over the planning -
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horizon. Initiating times are selected for each project.

The constraints account for selection of only one version of

i oL

each project and only one initial period. If a project is
uﬂ% ' mandatory equality constraints apply-and the programme selects
the optimal period for commencing the project. Other'con?;

straints. relate to budget and manpower availability. -

Not enough detail is provided~concerning"properties of
the model to comment on the‘ease~of‘oomputation'and the
capacity of the model. It is an~interesting attempt toﬂmodel
complex aspects of the R&D management problem No- documenta-
tion, however, is supplled for the selectlon of the criteria
f]43:. i that make hp the utility‘measure nor how tradeoffs among
ﬁfé : criteria_ahdrindividual;judges‘are handled.given the

"decentralization.:

~
=

Another~integer'prOgramming.model somewhat less general

but. adapted to spec1al problems, has been developed for 1;1sev-~

at BISRA/(Brltish Iron and Steel Research Assoc1atlon) This
is an lndustry research group and as. such. has- spec1al
vproblemsrllts raison d'etre is to perform research that
woold not:otherwise-be undertaken by 1ndividual firms'in the
industry and then to 'sell' these projects to the industryr
The model developmeht is reported. in Reader et al. (1966) ,
.-Collcutt and Reader (1967) and Beattie"(l970); The approaoh

that has evolved is the use of‘integerjprogrammingpwith‘sub-‘

jective evaluation of probability‘estimates of technical
~:ﬁ | success. The benefit/cost ratio is the criteria.usedlfor'

evaluating projects. The beneflts depend on diffusion‘offthe ‘
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;lnnovatlon throughout the industry compared with" dlffus10n

if BISRA had ‘not. undertaken the project and later someone
else did. It is assumed that dlffus10n is faster due to BISRA
1nvolvement for two reasons: (1) the pr0ject is undertaken
sooner, and (2) the BISRA selling campaign lncreases:the‘
speed of‘difquion._The two'diffuslon'paths are estimated
asSuming logistic diffusion curves.-The‘discount rate-varies
with the project type. Two types of projects are recognizede

those resulting in annual sav1ngs to firms in the 1ndustry

~and those resultlng in-once and for. all capltal savings.

Annual.sav1ngs affect central funds.avallablllty,-the_dls—
count_rate.applied is 12% in real terms. Capital savings.

affect.large capital issues valued at a discount rate of 7s%.

The benefits are weighted by the possibility of technical

success-estimated by‘project leaders. Costs are marginalv
costs.and do not includevoverhead. ProjectjvariatiOns are
defined utlllzing different research team'sizes.hBenefits,
costs and probability of.success-all depend on team size
allocated to the project. Toycompare longsand;short term
projects it is assumed that a research-team'assigned‘to.a.

short project. spends the remalnlng tlme in the plannlng

‘horizon working on f£ill=-in prOJects. Thus the total beneflt

of the project includes the benefits of the fill-in prOjects.

(Readerhet al, 1966) Integer programmlng is used to select

the- portfollo of prOJects. The objectlve is to select pro-

jects to maximize the net beneflt of the portfollo subject

to manpower and’ budget,constralntsJ Constralnts 1nclude

- selection offonly one version of a project,~mandatory.pro—

jects.that*mUst'be,selected in one version and,contingent'
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projects where if one project is selected another must also
‘be. selected. Thus»some project interdependencies and non-

economic choices are recognized (Beattle, 1970) COnstralnts"

can be expanded: 1) to require that spec1allsts be: aSSLgned

- to .their speciallties.(to maintain group-morale, stafva

satisfaction cOnstraints), 2). to guarantee prestige by re-
quiring that at least one prestigious project<be'selected,'
and 3) to insure diversification by requiring that at
least three projects are selected (Reader et al, 1966).
Beattie (1970) feels that in use, the system has been.

worthwhile. Progects that were initially thought to be

worthwhile have been found to be uncompetltlve and have

~ been terminated. Some data is hard to collect, but.modlfica~

~tions are being;made to increase the ease of data collection;

‘Though the costs of 1mplement1ng the model are hlgh (2~ 3&
of the budget the returns are substantlal (Beattle 1970,
»p.290).The~ma1n‘beneﬁit has-been a better organization.of
the WOrky'With.the.ueevof‘larger work teams tO‘speed up -
completion of.projeets. The model could be imptoved by
;allowiné sequential choice of projects»rather thanvrelying7

on fill-in work to complete the portfolio..

Bell and Read (1970) developed an LP model for R&D
portfolio selection with uncertainty. Their model: is based -
on probabilistic networks. The model is used ‘at the Central
Electricity Generatlng Board and at the Gas Counc1l (England) .

As with the BTRSA model, the benefits relate to use by in-

- dustry of the innovations. The actual form of the benefit

“function is not clearly specified. Three versions of each
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‘project were defined: slow, mediumvand‘fastl The,constraints
'accountifCE-thé:requirement that "key" pefsonnél bé‘included'
on some projects. In:practicé, 20-40. projects with 40—100

- versions are generaﬁed; Some projects are désignated mghda—}
tory. The model is solved using LP»thoﬁgh_thiérméant that
some'pfojects were accepted at'péttial levels.3As it does
not necessarily hold that partial prbjectsfyie;d the'séﬁe
-f;aétioh of benefit, an interative procedure wéé uséd‘ﬁo'
derive the final portfolio. In theofy,iinteger-progtamming_
pouid be used but is computatibna;ly_difficuitQ.Sehsitivity
analysis was also run Qith variations,in,the-disﬁount rate
(bééic rate 8%) and changes in the~tiﬁevhorizon (basic time
10 years). Only a limitedfnumber‘qf projedts were affected

by these changes.

e

. Lbckett and Freeman[(lQ?O) also develop a—network mode 1
to account for the stochastic nature of resource réguirements
and project'benefits. They.appiy_the‘model to a case study
baéed Oﬁ data-frdm an industrialtR&Dfiabofétory:and compare 
the: solution with tﬁat obtainéa from an expected value*-
modélr The example used was small, containing iny nine
prgjects and the resulté obtained:were,similaf~ﬁofthose.frqm
the expected value solutions. The’éuthorélﬁeel'tﬁat~this
evidence validatés the ﬁrocedu?e though it'seéﬁs.that this
adds crédence~to:the easier to solve éxbected faiue‘modelsr

" The assiénmént mode 1 deyeloped;byf,éeged.bévi(lQGSX is
'another example'of LP applied. to R&D ﬁanagemenfmprobléms.
'Thefprébiem*iSvhow.to~assign N.selected projects among n

teams (Or,laboratories)~of researchers. The:problemfférmula?

tion requires three.aSSumptions: 1) projects~c5n.be-classified‘
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into'a‘small_number'of-groupincstby similarity, 2) most teams.
.can work on-all the:projects with Varying~efficiency‘(dif-v

ferent costs and time to .completion), and 3) it is possible

LY

to estimate the costs of researching each project by each
oo o | team or at least to estimate relative costs. The objective is
to. allocate projects=to.teams to'minimizeﬂthe total cost of

researchlng the portfollo sub]ect to constralnts on the

number of projects each team can handle and the budget that
may be allocated to each team. The problem is formulated as
a transportation problem to take' advantage of‘the»existence

of efficient solution codes.

Dynamic programming (DP) models take account of time
dependent returns and can consider the needs for'project re—
*;ﬁ;@ " .appralsal throughout the plannlng horlzon Dec151ons made
‘t?f: ' ‘~¢n one perlod will affect the system and declslons in the.
| future;-Thus DP can increase realism by modelling'the
sequentlal aspects of dec1510n maklng, accountlng for the
Afact that initial commltments for exploratory. research are.
less than- the final commltment for project commerc1allzatlon;
The solutxon method is recursive. Data requlrements are more’
complex than for LPp. models and the solutlon technlques are

more‘difflcult-

Hess (1962) focuses on the sequential nature. of the R&D

management problem:‘a decision to initiate a projectgiSnnot‘
a commitment of»further allocations.iHe“considersz&D
activity~as a.purchase of ;nformation. Thus R&D- provides
better-information on which to base"future decisions. The
‘.objective-iS"toichoosg&aﬂséquéHCé~of budgét‘allccations*over"

time’ to maximize the total expected discounted net profit .
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(maximize the present value of the‘sxpsctéa cash flow) from
the téﬁal R&D budget. ngbprojédﬁs are coﬁsideredﬂéompietedf
when technicsl‘success is achieved;tTherefore,fpfojests'are
terminated before the assessment bffeconomic feasiBiliﬁy."
With this definition it is not clear how the present value
‘is derived. ﬁet profit is dependent on the'period‘in Which
technical success is achieved and décfeases*as tiﬁevinCreasés.
He considers that there is some period Beyond-which‘technical
success is irrelevant and thé.pfojectsshbuld @ot be comr. |
mercialized‘as~it will result in losses~due‘tq-coméetiti§ev

considerations.

- Hess develops modelsJWith and Withouﬁ budgetsccnstraints
cand with pfobability of technical sucéessjdepéndent and in- |
dépendent of previous research. He attempts to get an ex~
penditure  stream that coincides with thatfobservedvin practice,i(e;
ihcreasiné'expenditu:es over time.Therefo£é1.hé‘preférs forms -
of the model that have ihis characteristic. No ekample is
given so it is hard to assess the diffiéuiﬁies‘qffdata‘
collecﬁion. Time dependent inCOmé streémsfand probabilities
“of»success are-requirediénd'theseimayAbe’hard’ﬁquestimate1.'
No indication is given of ‘the size_of;theApréblémlthat-cbuld
be: handled by this methbd. Gener&i‘analyﬁi@ solutionssare
not available for all models; fo r example the model with
budgst constraiﬁts and time dependént'prabability of.
Eechnical succéssucan.only be-solved'ﬁuméricélly;and3inithes
‘.casevof a.Laréssproblem:this would'nos. be feasibley

Dean and Hauser (1967) develoé‘a”ﬁrogrammingimodel with
the'capacity for handling a. variety of objectiyeSy;They»i

model the'hiérarchiéal sﬁructﬁrezoﬁ the‘problem'which leéds
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to sequentlal decision maklng. The model is applled to a.

military R&D problem whlch has tnree levels: 1) the overall -
,ff system to be=developed, 2).materiel;Conceptszorféomponents
of the system; and 3) possible<technioal,apptoaches:to
developing the'components«estep\l involveS'choicetof’the‘
technical approaohbto maximize- the probabilitonf‘achieving
the materiel concept. Step 2 requires funding of the:com-
ponent*concepts to maximize the probability of‘achieving-
the system. Step 3 involves allocatlon of: funds across
systems to maximize the total value of the R&D output
Data for steps 1 aﬂd.z‘are probability_of success andlcosts;
’iiﬁé and for 3 the payoff or value of each system to the military‘
; objecti&es. Value is measured by military priority of having-
. the system The model was solved for- many levels of budget—
elng Step 1 was solved at $lO 000 1ncrements,‘steps 2 and
3 at-SlO0,000.'The-model.was solved.for‘ninercriteriaw These
refleot interactioh with decision-makers who when they do

.not like the optimal portfolio-of s§stems,fuhded-suggest

other constraints to modify the solution. For example-wheh.
somefsystems were not funded, they‘suggest afconstraint
that all systems be funded at some level to maintain con-

‘tinuity of research. The model enables easy analysis of

cost effectiveness of the various programmes.

onfff ' ‘ ' ~ Souder (1972).develops.a planning and*Control‘system‘
| that is used at Monsanto Company.for.a;ding R&D decision:.
making. Dynamic programming is used in the planning-model.
. t Cost effectiveness.isvused‘in the control mOdelL'Probability
o of”sﬁooessfiﬁ*thfs'model depends.oh-theﬁlevel‘of'funding{

‘A- four question procedure is developed for estimating the ~
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probabilitywof sucdess.(Questions'relategto familiarity of

the problems to be encountered, availability of technology

and' reliability of costnestimates;-The relationship-of the ex=

pendlture level (budget/max1mum budget) and the. probabillty
of success depends on the pattern of yes-no: responses. TwWO
objectlve functlons are: conSLdered l) max1mlze the expected
net return on R&D 1nvestment and 2) max1mlze gross. return
from R&D investment. The model solution giveshproject

selection, project scheduling and project funding.

The control model relies on statistical quality control.
Variance is measured between actual performance and planned

performance. If the variance is above -a critical level then.

a decision is called for. Three control variables are

suggested: cost variance, progress variance.(probability of

success)’, and cost/progress variance. .

Data was available with some modifications. A lo~-year
planningjhorizon.Was reQuired with the:same_degree-of:con—
fidence in data for alllprojects.'PERT'diagrams (decision
treesf'arejused. Difficﬁlties arose in determining  actual
probabilities of succesS‘to»comparetwith~expected‘as.”
administrators-are'often unable to~assess‘the actual status
of-projeets immediately. Therefore, Soudet defined a new"
measure that relates.to the weighted percentage average of

milestonesaattained, This requires.detailed'flowechafts‘off

‘projects and knoWledgemof all'milestones-or informatiOn'bits

requlred for successful completlon Collectlon of thlS data
would be difficult and costly The model serves best. for
evaluatlon of progects that are neither exploratory (not

enough data beyond day to day actlv1ty) ‘noxr developmental
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(planned relatively easily with other models). The model was
: ihfuseafortoﬁe-yearwand,then_the'DPwaspeCt was abandoned
though. the: PERT analysis anduqontrol~phases.are~stili‘usédt,

.Thé DP models generally are hard to undefétahd and data

requirements are not easy to interpret (e.g. actual status

of project).

Kepler and Blackman (1973) use DP to solve a-simple
example (four basic activities, four optimal activities)
where the problem is to reallocate.résources.as‘the-result

of a budget decrement. Three utility functions are con-

sidered. The DP solution is shown to be better than the

conventional solution of equal percentage cost reduction
over all~projectém No ‘comment, is made.oh"thesrelativeacosts

and.éase_of data~coliection-or_the.problems that would be

= expected in solving a more realistic larger.problem;

Charn854and'Stedry_(l966)?suggest-that R&D is character=—

~ ized by break throughs and other emergencies (e.g.lcomw

petitive environment). These events of low probability place-
high resource demands on the system when they occur. There-

foreQ‘R&D:management requires -an adaptive planning moder"

one- that can respond to new.informatiOn between planning

periods. They develop a chance consﬁrainéd model.bf‘twov'
stages. - plaﬁning~an& éontrol process.Q whigﬁ allowé for.
1) random availability.of facilities«iﬁ the short and
long run; 2) fandom-occurrence-of.é@erééncy demahds:at
random~times.during‘the short run, 3) probabilistic con-

straints on conformity to availability constraints and

emergency demands; and 4) deterministic constraints on
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desired activity levels.

A number of realistic possibilities occur in the solu-

tion: 1) if the binding constraints reflect research needs,

| then there is no change in the plan, 2)>if the binding;con—

straints.refléct facility availability, then there is less-
ened.activity-(to protect againstqan‘eméfgency.create'sléck.
in the:system):and 3) there is increased activity if the
coﬁstraints on facilittes are not binding tbfhedge~against

emergency..

It is not.cleat what size problem can be handled. Some
of the. data may be difficult to collect and interpret such

as the probability of an emergency in each research field..

Lockett and Gear (1973) pfopoSe a methdd of R&D port-~
folid»sglection that combines. decision tree.ahalysis,‘
simulation and linear programming; Fdrféach project a
stochastictdeCision ttee.is.dréwn. Résourée requirements of,.
each. path and in each. time period are;séecifiedhas is the .
distribution of net benefits associated with eath end point.
(Gear et al, lé?Z'have*discussed théﬁtrocess5of describing
a deqisionktree‘for.indiVidﬁai R&D;projéCts, also see
Réiffa, 1968 for the ‘general theory). This procedure models
the sequential nature of R&D prdjéct evaluation. It also
enables thetanalysis of’the paréllel abprPaches. ‘The-pro?
¢edurézis.flexible‘éndtallowscﬁor considefation\of;unQ;

certainty in project duration, resource requirements,. pro-

Ject outcomes and projéct value by the appropriate definition

of the branches..

The problémriS‘how~to ailbcate*fesourcgs in period 1 in -




[ T

- 33 =

" order to be on an optimal path in the futuré;-Various-:"

solution techniques are possible. Lockett‘and“Gear’méntiqn
threexs stochastiC’progfamming, chance constrained programm-'
ing~ana simulation combined with LP. For ease of domputétion,
they select' simulation plus LP and deécribe ﬁhe~prb¢e§s:“
sample-at éach,probabilistic node, this'yieldsAprdject paths, .
given a set of péths=for"all projects, soive-an~LP.or integer
prograﬁming problem-'Afte; hany sﬁch’models are solved,
search thefsolutions;for stable patterns; The output-of the
procédure~is a number of alternaﬁive_poftfblios,with‘distri-
buti0n5~of benéfits-and.prdbabilities of.violating resourée
constraints from whicﬁ management can choose. They present.

an example using six projects and thirteen versions, with

only one resource constraint. For this small\example the

. results are similar to that from a stochastic linear pro-

grammidé model (where only one portfolio would be presented
in the fiﬁal output).. However, foriiargé scale~prqblems:the;V
sﬁochastic programming model might no£ be practical (éee.
Wets, 1976, for algorithmic techniqdes).

fhe~procedure was also appiied in-an industrial_labora—
toryf That-case study héd\37 projecﬁs; 65'degisi6n nodes.and
40 chance nodes, 4 time periods and 6 resource caﬁegories;A
Chance nodes were sampled‘loo times: which is: not really
sﬁfficient for reliability of.estimates, TheAp;ocedure for

portfolio selection is aa~hoc.In this case two. attempts

‘were made. The first approach involved rounding project

levels to O or 1 and 'searching for affreqdently-OCCurrinq ‘
portfolio. However,‘there~were172,portfoliQSxeachio¢cukring

‘with the same frequency. . The second meﬁhod'ranked'p;ojects
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by overall mean of occurrence~(average fraction of project

selected) then funding progects until the flrst resource
constralnt is reached. The procedure is ad hoc and there is
no indication that the. portfollo selected. is. optlmal or

even good. The characterlstmcs of the solution are not knownf
This procedurerls too technical given.the ad.hoc-nature_

of the solution. It appears that a better solution.procedure;

would be to formulate the-problem as an integer*prdgramme

“with 65 decision>variable, 24'constraint$_(6-in each period),

utilizing the expected values defined for therchance‘nodes.'

Optimal conﬁrolrmodels are specified-when.tﬁere are
certain. variables. that guide.the eveluatibn of a system con-
tinuously or at discrete intervals over time. Solution of
the problem requires the selection'Of these variables to
minimize aﬁ objective function. Problems are-selved'by
succeésive approximatien and coqvergence‘is not guaranteed
unless certain copvexity assumptions are metfiangWill,

1969 and Wilde and Beightler, 1967).

Lucas (1971) describes a continuous time control theory

~formuiation for single'projeet evaluation.'The projeet is

assumed to- incur costs- durlng a perlod (O T) and¥returns
are dlscounted to tlme T (not the lnltlal perlod of the
investment horizon!) Four cases: are generated depending on

-

uncertainty with respectzto.tiﬁe.apd“dosts:ftime-tO‘compler

. tion can be known or unknown, costs can be fixed or variable,.

i.e. decreasing in T. - The-objective:function iS'tefmaximize.
the present value of the project if“timexﬁp completion is

known or to maximize expected present' value. if completion-
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time is unknown. When. costs areﬁkﬁownAthey ére;uééd ihvthé
solution;-When'cdsts are vafiable, the:bptimal“levelﬁdf‘éx-;,
pénditure is determined at each time period.usiﬁg 6ptimal‘
éontrol theory. Assumptions of the model are: reﬁurné on
 4-} ' ' project completion are independent of expenditures. and time
o - to complétion.(ime;:rulés;out the case of.riyalry); uq—v

certainty as to éompletion time is most important (success-

ful completion and payoff'on completion‘are determihistic)

and,varyihg expenditures will affect progress-tdwérdacomf '

plétionm The solutions have the following characteristics:.

‘1) Costs and Time,known4~soluti0n similarfto
investment decision, undertake if net present

o © value is positive. : -

_2),Time known, Costs controllable: present value

increases as time to completion-nears,‘there—

fore it is: optimal to increase expenditures

over time.

NSO IETUIUNINUSIRIVSRE MRS S

'3) Costs: known, Time unknownﬁ-undertake.projectrif

i
N
]
i
i

mean net present value is positive. It is not
optimal to use- the expected‘time to completion as
the answer depends on the probability distribu-

tion of time to completion.

i4.)'Covstscontrollabl_e, Time unkno&nj compleﬁion:time
is'depeﬁdeﬁt.on.the expenditure plan; Cdntingency‘

,!:_: - plans are neCeSsary to determine how ekpendiﬁures

| will vary with: changes in uncontrolledfyariablés;'

.in this case total required effort.
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Though analytic solutions are pro&ided,:the:model is
not.applied~to anyireal project. Data,collection would.pro—
bably.make these models.unattractime. Model‘4 seems‘most
realistic with respect.to costhand,time uncertainties’

(models 2 and 3 do.not-seem realistic, model 1l is the trivial -

case).but would be difficult to.apply. -

- Optimal control.models of R&D management haue‘also been-
developed by Kamien and Schwartz (1971 l974) In the first
model they cons1der the uncertalnty with respect to time or
effort to completion . similar to Lucas. This is called techni—~
cal uncertainty. The second model takes aCcount of both
technlcal and market 'uncertainties (rival behavior) so that
cash flow (benefit) expected from the project: is uncertain
and dependent on time of successful completiOn othhé pro-
ject. As stated in the flrst paper “the objectlve . is‘
not to furnlsh guldance for R&D- managers but rather to pro-
vide a theoretlcal rationale for two ba51c expendlture
patterns.which might be emplrlcally observed" (Kamien and

Schwartz, 1971, p.61).‘The models WOuldpbe:difficult,to

-implement i.e., data requirements such as the relationship

between the level and rate of expenditure on accumulated
effort and time toiCOmpletion are'rarelylavailable; The ‘ex—-
penditure~patterns justified are: l)lncreasing,annual ex-
penditures;(if'the.completion rate is a~nbn—decreasing
function:of.total'effort) and 2),initially'lncreasing‘then

decreaSing'annual expenditures (if the completion rate is

. initially: increasing up to a=certain-amounthf totaI.effOrt.;

and:then»decreasing) Under rlvalry, expendltures are made:

untll some firm successfully completes the pro;ect -that
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firm collects the benefits‘andlthe-others losetail} Rivals
aie~fe§ognized by a single-subjecﬁive-probability distribu—
tion over introduction date of.COmﬁetiné‘products. The
objéétiveﬁis~to'maximize:the expectéd valué of the pioject.
The addition of-rivalry td the optimal. control modeifdoes

not change the form of the solution. It does, however, lower

the expected value of the benefits of the research. (the

,probability exists that - a rival will complete the project

first) and thus may make some projects uﬁprofitable. Again),

implementation of this model would be very difficult. .

Implementation problems of R&D decision models

QuantitativezR&b project management techniques are not

" in general use. Many managers have expressed interest in

"“having decision aids and many models have;beenﬂdévelbped,

however, few have been impleﬁented;f There is not enough

known regarding the evaluation of“the-usefulnessrof'the

various models. An organization does not know in advance. the

“implication. of implementing var;ousamodels. souder et al

(1972)'provideran approach to the aSsessment of the valuerf
£he quels ésidecision aids. They report on two quasi-

experimenté designed to test the»poﬁential usefulness of R&D
management'techniqﬁesr The first experiment was carried out
in»an R&D‘department.Where:the_objective wéS-to.develop‘new--\
products. and improved’proaucts,vA dynamic programming model.
of.portfblio selection was introduced to the companf‘(see:‘ |

Rosen and Souder, 1965).. The objective of the model‘Was to

~chooseia*p0rtfoli0'tofmaximiZe'total expected net profits -

given fixed resources. The data réquirements included:
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“incomplete. appllcatlon of the Hertz method that would
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estimates of projectglife, naximnm_and'minimum annual ex-
penditures and present value Of profits:'The outpnt was.an
initlal'allocation of resources for the first year. This
would be perlodlcally updated when new prOjeCtS were: pro-~
posed, or when.data estimates changed. The model served the

purpose of integrating information of the various. depart-

ments in the company: They report that the model was-an~'

important analytic tool, helping to clarify objectives and
constraints of individual departments and focusing atten-

tion on needed data. .

The second-experiment was.undertaken in an R&D labora-
tory where the major concern was exploratory-(and5therefore
riskier) research. The model implemented was a modification -
of Hertz's (1968) risk analysis model. Thelmethod.requires .
the construction of uncertainty.profiles-for the key factors.
The outcomes considered included:anticlpated technical or

research achlevement, market opportunlty, market penetration,

and profit margin. A group -would meet: to evaluate lnd1v1dual

fprojects. Then projects would be ranked .in order of profit—

‘ability given risk. PrObability distributions for each-

poss1ble portfollo were developed. This:seems o be*an.'

normally rely on simulation and estimation of the utility

-function. Without this:the'model served only as a guide to

selection, a means-of”organizing data. The. manager‘is"still

C left Wlth the dlfflcult task of - selectlng among many pos31ble;

portfollos w1thout a- gulde.

Their main conclusion from these experiments is' that-

R&Dvmanagement'models:can»indncertheucOllection andlegchange5
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of data, improve use of communication. channels and increase

integration of departments in an organization.

The  lack of consideration. of group process is another :

key factor in the. llmltlng use of quantltatlve models for

R&D proaect/portfollo

selectlon. Experiments by Souder

(1974, 1975) and;Helin and Souder (1974) take group processes.

into- account and investigate methods to obtain group con-

sensus in R&D project selection. Helin andeouder~(l974)

report on a Q-sort technique for qualltatlve group prOjeCt

selection. The procedure involves a.cycle of act1v1t1es?

l) each 1nd1v1dual sorts items (projects) into five groups

by "worth", 2) group discussion period; and 3) phase 1 again

until consensus is reached. The criteria (worth) is the

.priority of eaohfprojeotm For the’ experiment 13 projecﬁs?that

s Iy l .
‘were being undertaken were selected. Each was given a code

number and title for description. No characteristics (i.e.

3

measures. or criteria values) were given. This technique: is

feasible only where the-projects are familiar and' some under-

lying.- consensus ex1sts to begin. w1th The experlment showed

that the Q~sort technlque T was. not very. useful in prOJect

selection. The method was too imprecise and the.procedure

would not be useful when many‘projeots‘are'involved.

Maclay_(1974) in
be lisEedf making'the

new projects,ﬁhat are

rating table: would be

comments suggests-that criteria should-
technique-more~usefnl for analyzing
not familiar to the participants.-A

used. Each participant would enter

ratings for all the projeots for each of the criteria, the

'ageraqé“ratinq'wouldvbé*calculaﬁed?andfniaoed in. the center.
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Then an attempt would be- made, w1thout a formal model to

enter overall priority ratlngs for - the projects (a. consensus -

rating). Thls method too’ would»be~of.llm1ted usefulness due -

to the. complexities: of comparlng many prOJects on many

attributes w1thout a formal model

Experience with these qualitatiVe.models:wouIa‘indicate
that a mixture of modes would be useful. The number of'com~
parisons necessary prohibits use of group. processes for -
project evaluation. Group processes could be deslgned~to
reach consensus on'oréanizational ohjectives and‘weighting
schemes. This information could then be used withfquantita?
tive optimiZation models to select R&D portfoliosL

Souder (1974b,. 197Sbj describes_some experiments aimed

at obtaining group consensus for project selection criteria.
‘ N N .

. The first paper reports on an impact method for determining -

criteria.priority.‘Theiexperiment nsed paired oomparisons,
group.discussionvand interaction to achieye-consensus in

R&b project selection invfour organiéations. Twofof the:four
groups‘actually achieved consensus. The procednre_had the

following steps: Step l: solicit selection criteria from

each participant.‘Step 2: have individuals make paired:comf~

parison rankings of own»criteriafusing-a tableau‘With the
criteria forming both the rows and thefcolumns;‘Colnmnaa

crlterla were . compared w1th row. crlterla.‘If column~criteria-~

A: is. preferred to- the row a "+" is: entered, if domlnated a "o" -

is entered. The:priority~criteria is‘that«withﬁthe'highest

number of ones.. (Consistency is met if the number of +'s

-equals~theanumber of'O‘s).AIn‘step,3igroup paired cdmparisons. .
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are made. Steps 2. and 3 are done in the 'same. session.Compared

with the Delphi technique, the impact method made explicit

use of group preéssure in arriving at.a consensus.

The second paper>compared three.téchﬁiqueSjforwachieving
consensus: 1) the impact method (combined Delphi and inter-
acting), 2) ﬁelphi; agd.S) interactipg; All prodedures'be-
gin with'each individual developing a. list of criteria{'The
three techniques are Qariations"on a two phase procedure.
Step i: each in@ividual ranks criteria and states-justificé~
tions,. this.informagion isAexchanged} Step 2: the lists are
compared.in a grouﬁ,‘the grou§ interacts and preparesAa
group list of criteria and ranking. The impact métﬁod is

cycling of steps 1 and. 2 carried on three times. The Delphi

method is step 1 carried on three times. The interacting"

:~'Fmethod is step 2 carried on three times. Nine R&D. and mérket—

ing groups chosen. at random. participated in‘the:éxpefiment.

Leaders were created for each grodp-to;control for leader-

ship style‘(anothef variable). It was found that the impact

- model was best for achieving integration and/or consensus

between R&D ‘and marketing divisiOns. The~test of the ex-—
periment‘wouldlbe better‘cérried*on withvéctual representa-
tives of'mérkéting and R&D»from'the same compény‘parﬁicipat~
ing as a group, given the existing-rolesfaﬂd Interaqtions
consenéuS‘might not be és easily réached\as_with theiféndpm
groups. Also given the3nuﬁber of variableé-(two leaderéhip;
two group structures and three modes of ‘interaction) the

sample was too small for any conclusions to be drawn.

. Analysis of. values of alternative modélégforwparticular,

‘organizations and executive groupings is. only. a first step -
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toward the study of implementation (or ncn—implementation) of

- proposed. normative models; Clearly a more universal theory

of'diffusion*and implementation is necessary. In the con-

" clusion, an attempt is made to identify some of these key

problem areas important for inducement policy design in the

_R&D field. . - -
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We have described £he exiSting inveﬁtoryTof kno&iédge: 
of patterns. of R&D inVestmenﬁldécisibns,,gqvérnment‘impacgs
upon them and the normative proposalssfor~im§roved~decision»
making; If.better.fit between target populations and either
government inducement policies ox ménagemeht imprbveﬁgnf
strategies is“dééired, this mosaic of information is in-
cémpiete;>Therezare~four Broad areas in which information_is

scarce but necessary for strategic design. They are:
1) information about the nature of selective per=- .-
ception processes of R&D decision making, .

2) the objective functions (explicit and latent)

which.guidéxchoices‘among alternative. R&D

.- investhent opportunities,

3) the'impact of R&D upon the positionS'of prime

bargaining units in organizations, and

4) the impacts of organizational structure and
processes upoh~implementatibn'of investment -

decisions..

‘The first two categories: of information'feiate to the
question of whaﬁjdifferent decisioﬂ~units;coﬁsider“relevant
in defining.their problems and whatgtheyﬁvalué.,The:lastrtwo
categories relatelto~the,6rganizationalfimpaét of R&D and

the processes by which decisions are rééchedfand implémentedj

These areas provide a focus for required additional research -

aimed at improvements in R&D decision making.
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