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Innovation management
In context: environment,
organization and
performance

Joe Tidd

Several decades of research into innovation management have failed to provide clear and
consistent findings or coherent advice to managers. In this paper, | argue that this is because
innovation management ‘best practice’ is contingent on a range of factors, and that we need
better characterizations of the technological and market contingencies which affect the
opportunity for, and constraints on, innovation. | review research oninnovation together with
relevant studies from organizational behaviour and strategic management, and develop a
model which may help to guide future innovation research on the relationships between
environmental contingencies, organization configurations and performance. | identify
uncertainty and complexity as the key environmental contingencies that influence
organizational structure and management processes for innovation.

Conceptually, it is not difficult to identify
the contribution innovation can make to
competitiveness (Table 1). However, it is
There is a gap between managers’ perceptionsore difficult to establish a strong empirical
of, and the reality of, criteria for successful relationship between innovation and perform-
innovation (Cooper and Kleinschmidt 1993). ance. For example, at firm level, the relation-
For example, one study found that only 7% ships between innovation inputs and outputs is
were aware of the main findings of research,much weaker than at industry level. The
and only half of these had attempted to applyweakness in the relationship may be caused
the results of the research (Barclay 1992).by methodological shortcomings or by the
Moreover, the innovation processes used byandom unpredictability of innovation.
firms have changed very little although the There are two approaches to measuring
business environment has changed signifiinnovation at the level of the firm. One utilizes
cantly (Wind and Mahajan 1997). indicators available in the public domain, such

How Does Innovation Affect
Organizational Performance?
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Table 1. Innovation and competitive advantage

Type of innovation Competitive advantage

Disruptive

Radical

Complex

Continuous incremental
innovation

Re-writing the rules of the competitive game, creating a new ‘value proposition’
Offering a highly novel or unique product or service, premium pricing
Difficulty of learning about the technology keeps entry barriers high

Continuous movement of the cost/performance frontier

Source: Adapted from J. Tidd, J. Bessant and K. Pavitt (2001) Managing Innovation: Integrating Technological,
Market and Organizational Change, 2nd edition. Chichester: Wiley.

as R&D expenditure,numberof patentsand

new productannouncementsThe other uses
surveyinstrumentgo capturea broaderrange
of indicatorssuch as the proportion of tech-

nical, design or research personnel, and

proportion of salesor profits accountedfor

by productslaunchedin the pastthreeor five

years.Table 2 lists the main measuresised,
their main strengthsand weaknessesand an

indication of possiblelevels of comparison.
The main conclusionfrom this is that thereis

no single best measureof innovation. Some
indicators work well for certain sectors,for

example,R&D for large chemicaland elec-

trical firms, and otherswork well for certain
fields of technology,for example,patentsfor

mechanicatechnologie®r productannounce-
mentsfor softwareand services.

Measuringinnovationinputs and outputsis
difficult, but establishing the relationship
between these measuresof innovation and
firm performanceis more problematic. Two
broad classesof performancemeasureare
used.The first is concernedwith accounting
and financial performance, for example,
profitability, return on investment(ROI) and
share price. The secondwith market per-
formance,usually shareor growth.

Many traditional accountingand financial
indicatorsconcentraten short-termmeasures
of performanceandthereforemay undervalue
innovation.Kay (1993) arguesthat there can
be no long-termrationalefor a firm thatdoes
notaddvalue,asvalueaddeds essentiallythe
difference between the market value of
outputs and the cost of inputs (including
capital). Walker (1979) uses a R&D/value

addedratio, andpointsout thatidentical R&D
expendituresin different industries do not
necessarily indicate identical innovation
activity. Budworth (1993) proposesa similar
‘innovation ratio’ basedon the ratio of cash
outlay to cashreturn, so that when, or if, a
companywith a portfolio of differentproducts
reachessteadystate,the innovationratio will
be equivalentto the ratio of innovationspend
to value added.On this basis,it is possibleto
calculatean innovationratio for specific sec-
tors and companiesFor example,Budworth
calculatesthe ratio for the UK mechanical
engineeringsectorsto be around14%. As the
value addedfor that sectoris some50% of
turnover, this suggeststhat at least 7% of
revenueshould be devotedto innovation in
order to sustain intangible assets.Concep-
tually, this ratio is similar to the depreciation
chargefor tangibleassets.

Geroski(1994)showsthatthe profit margin
of innovators— using matcheddatafrom the
SPRU databaseand company accounts— is
higher than non-innovators,controlling for
otherinfluences.However,the effectis rather
small, suggestinghat benefitsmay havebeen
capturedby users.Innovating firms are also
more protected from cyclical downturns.
Schererand Revenscraig(1982) looked at
the relationship between profitability and
laggedindicatorsof capital input, marketing
expensesndR&D. The main conclusionwas
arateof returnto R&D of about33%,with an
averagedag of aboutfive years.ProcesR&D
had four times the rate of return of product
R&D butwasmorerisky with a morevariable
return.



Table 2. Strengths and weaknesses of measures of innovation

Measure Strengths Weaknesses Possible levels of comparison
Country Industry Tech. Firm
field
R&D * regular and recognized * lacks detail (technical fields) 0 O O
data on main source of  strongly underestimates small
technology firms, design, production
engineering, and software
Patents * regular detailed and * uneven propensity to patent O O O O
long-term data * misses software (but now
* compensates weaknesses patentable in USA)
of R&D statistics
Significant ¢ direct measure of output ¢ measure of significance d d g ad
innovations  cost of collection
¢ misses incremental changes
Innovation ¢ direct measure of output ¢ variable definition of innovation O ad g d
surveys * comprehensive coverage  * cost
Product ¢ close to commercialization ¢ misses in-house process ? O 0 O
announcements innovations, and incremental
product improvements
* possible manipulation by
marketing and public relations
Technical * measures tacit knowledge ¢ lack of homogeneity of O O | O
employees qualifications
Expert ¢ direct use of expertise ¢ finding independent experts ? O O O
judgements * judgements beyond expertise

0 =Yes; 0= No; ? = Maybe.
Source: Patel (2000) in Tidd (2000).

The useof stockmarketvalueasa perform-
anceindicatorhasamajor advantag®verother
financialmeasuresuchasprofits or ROI, asit
is likely to reflect the affect of innovaton
sooner. The simplest market value model
assumeghat the market value of the firm is
proportionalto its physicalor tangiblecapital,
and the intangible capital. Pakes (1985)
observe a significant (though noisy) effect,
and Hall (1993) raises an important worry
about whether stock market valuations of
innovation are congstent. The valuation of
R&D capitalcollapsedrom avalue of unity to
a quarteroverthe 1980s,a resultthatis robust
to measuement and specification tess. The
view frequently taken is that the Stock
Exchangeconsistentlyundervaluessharesof
the firms which spend on R&D because
expensed(as opposedto captalized) R&D

reducesearninggershare(EPS)in theyea of
expendture, one of the major performance
criteria usedby analysts(Arnold and Moizer
1984). Some industrialsts believe that this
approactsystemécally undervaluesong-term
R&D and captal expenditue. The fact that
thereis a wed& correlationbetweencompany
valuationsjn termsof the priceto earninggP/
E), andexpendture on R&D suggestthatthe
problemof under-valuabn is industryspecific,
if it existsatall. The problemappeardo have
more to do with a lack of communication
betweenindustryandits investors.Counteing
the view that analystsare shortsightedis the
fact that analysts in the UK grade the
importan@ of R&D informationwith 2.32on
ascaleof seven(with 1 asthe‘best’) makingit
the fourth most important with product
developmat third with 2.36(Pikeetal. 1993).
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Beyond R&D expenditure,researchsug-
gests a significant independent effect of
patentson the marketvalueof firms. Griliches
et al. (1991) examined the relationship
betweenpatentsand the marketvalue of the
firm andfoundthat, with the exceptionof the
pharmaceuticalindustry, changesin market
value due to changesn the patentrate were
not significant,accountingor only around1%
of the totd fluctuations in market value.
Product announcements may be a more
generic indicator of product innovation. A
benefit of using productannouncementas a
measureof marketinnovationis thatit lends
itself to an event-studymethodologyto link
productannouncementwith the marketvalue
of afirm. Forexample pnestudyof morethan
athousangroductannouncements the Wall
StreetJournal found that thesehad a positive
affectonthesharepriceof theoriginatingfirm
(Chaneyet al. 1991). The study found that
firms introducingnew productsaccruearound
0.75% excessmarketreturn over three days,
beginning one day before the formal
announcementThe averagevalue of each
new productannouncementvas found to be
$26m(in 1972dollars).Of course the precise
return and value of each product announce-
ment dependson the industry sectors:the
highest returns were found to be in food,
printing, chemicals and pharmaceuticals,
computers, photographic equipment and
durablegoods.The study also found that the
averageP/E ratio of the firms making new
productannouncement&asalmosttwice that
of the firms which made no new product
announcementsThis implies that the stock
market is valuing the long-term stream of
future earningsgeneratedby the innovative
firms at a much higher rate than the non-
innovators.

Our own research on innovation and
financial performanceidentified relationships
betweerinnovationmeasuresuchasexpendi-
ture on R&D and new product announce-
ments, and performance measuressuch as
value addedand marketto book value (Tidd
2000; Tidd et al. 1996). For example,

expenditureon R&D asa proportionof sales
(R&D intensity) has a significant positive

affect on value addedand the numberof new

productannouncementsiade,which suggests
that R&D activities contribute to increasing
both the numberof new productsintroduced
and their value. Our researchalso confirms

that R&D intensity hasa significant positive

effect on the market to book value, which

supports the findings of previous work

(Sciteb/CBI 1991). Using the ratio of new

productannouncementt® absoluteR&D asa

proxy for researctefficiencyindicatesthatthe

efficiency of researchalso has a significant

positive affect on the marketto book value.

This suggestghat the marketalso valuesthe

efficiencyof R&D, thatis the organizatiorand

managemenof innovation.

The relationship betweeninnovation and
market shareand growth is lesswell under-
stood. The PIMS (Profit Impact of Market
Strategy) database, established in 1972,
includes data on some 3000 businessunits
representing 450 companies. For each
businessunit, PIMS collects data on market
conditions,competitiveposition and financial
and operating performance. Generally,
profitability declines as the market evolves
over time as productand servicedifferentia-
tion fall, and competition tendsto shift to
price.Converselyhigh ratesof marketgrowth
are associatedvith:

(1) high grossmargins

(2) high marketingcosts

(3) rising productivity

(4) rising value addedper employee

(5) rising investment

(6) low or negative caseflow. (Buzell and
Gale 1987)

The importanceof marketsharevarieswith
industry. Intuition would suggestthat share
would be mostimportantin capital-intensive
manufacturing and production industries,
where economies of scale are required.
However, PIMS suggeststhat market share
hasa muchstrongerimpacton profitability in
innovative sectors, that is those industries



characterizedy high R&D and/ormarketing
expenditure.For the R&D and marketing-
intensive businessesthe ROI of the market
leader is on average26 percentagepoints
higherthan the averagesmall-sharebusiness.
In the manufacturing-intensivbusinesseghe
correspondingdifference is only 12 points.
This suggeststhat scale effeds are more
important in R&D and marketing than in

manufacturingln the shortterm, high ratesof

productintroductionand high expenditureon

R&D are associatedwvith lower profitability

and ROI, but both factors are positively

relatedto long-termvalue enhancementf a
businesgClaytonand Turner1998,2000).

Why Has Research Failed to Produce
Innovation Management ‘Best Practice’?

Severaldecadesof researchon the manage-
ment of technology and innovation have

createl many insights into the innovation

processbut to date havefailed to provide a

comprehensivérameworkto guideinnovation
researchor managemenpractice. Studiesof

innovationhavebeenbasedon a broadrange
of disciplines,including managemensgcience,
economics,geography sociology and psych-
ology, and have therefore adopted very

different methods, definitions and samples.
This diversity of researchhas limited the

accumulation of knowledge regarding

innovation management.In addiion, most
studieshave failed to include somemeasure
of performanceor successwhich makesit

difficult to translatemuchof the researctinto

managemenprescription(Tidd 2000; Tidd et

al. 1996). In this paper,| attemptto identify

someof the emergingthemesof researchon

innovationmanagementocusingon therela-

tionships betweenenvironment,organization
and performance.

Much of theresearcton the managemenof
innovation has attemptedto identify some
generic‘best-practice’,but most studieshave
been based on the experienceof specific
sectorsFor example the dominantmodelsof
technologymanagemenéare derivedfrom the

experience of US high-technology firms
(Christensen 1997; Pisano 1997), whereas
many of the ‘rules’ for productdevelopment
are based on researchon the practice of
Japanesenanufacturersf consumedurables,
suchaselectronicsor automobilegClark and
Fujimoto 1991).However,thereis unlikely to
be ‘one bestway’ to manageand organize
innovation, as industries differ in terms of
sourcesof innovation and the technological
and maket opportunity, and orgarization-
specificcharacteristicarelikely to undermine
the notion of a universalformulafor success-
ful innovation (Tidd 1997). For example,a
review of researchon organizationalinnova-
tion identified four factors which affect the
managemenbf innovation: type of innova-
tion, stageof innovation,scopeof innovation
and type of organization(Damanpour1991).
Similarly, a review of researchon innovation
managementalls for a re-examinatiorof the
relative importance of organization context
and industry dynamics (Drazin and
Schoonhoverl996), an approachadoptedby
us at length elsewhergTidd et al. 2001).
Contingencytheory offers the potential to
understandetterhow contextaffectsinnova-
tion managementThe centralconceptis that
no single organizationalstructureis effective
in all circumstancesandthat insteadthereis
an optimal organizationalstructurethat best
fits agivencontingencysuchassize,strategy,
task uncertainty or technology (Donaldson
1996). Therefore the better the fit between
organizationand contingency,the higher the
organizationaperformancgDonaldson1999;
Drazin and Van de Ven 1985). This relation-
ship between contingency, structure and
performancehas been supportedby a sub-
stantial body of researchconductedin the
1960s and 1970s, including qualitative
comparativecasestudies(Burns and Stalker
1961; Chandler 1966) and quantitative
analysis of large samples (Child 1972;
Lawrenceand Lorsch 1967). Clearly, one of
the primarytasksof contingencyresearchs to
identify the dominant contingencies that
influence organizationalstructure.According
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to a large number of seminal studies,three
contingencies appear to be associated
consistently with organizational structure:
size,technologyandtask uncertainty.
Thereis a well-establishedody of research
that has examinedthe relationship between
formalization,specializatiorandfirm size,the
Aston Group (Pughand Hickson 1976; Pugh
etal. 1969)beingthe mostinfluential work on
this subject. Woodward (1965) identified
technologyas a contingency,and discovered
arelationshipbetweenproductiontechnology,
organizational structure and performance.
However, Woodward’s operationalizatin of
technologywasrelatively crude,basedsimply
on the flexibility and scale of production
processesyheread?errow(1970)developedch
finer grain typology of technology,basedon
task analysability and variability. Lawrence
and Lorsch (1967) proposedthat the rate of
environmental change affected the need
differentiation and integration within an
organization,and found support for this in
their comparative study of organizational
structuresin threedifferent sectors.Galbraith
(1973) argued that, as task uncertainty
increases, more information must be
processedwhichin turninfluencesthe control
andcommunicationstructuresMore recently,
managementesearchersuch as Mintzberg

(1983,1994), Galbraith (1994) and Galbraith
andLawler (1993)havedevelopedheseideas
into more prescriptive managementframe-
works, which attemptto matchorganizational
structural templates to specific task

environments.

Contingencytheory is strongly positivist,
andhasbeenmuchcriticized, asit leavedittle
scopefor otherinfluences suchasmanagerial
choice or institutional pressuregPowell and
DiMaggio 1991). However, Child (1972)
offers someaccommodatiorof the competing
theoriesby allowing some*‘strategicchoice’
within boundariesdeterminedby contingen-
cies an approach developad by Chandler
(1990). | will adopta similar position here,
andwill arguethat contingencieslo influence
the organization and management of
innovation,but that they constrainratherthan
fully determine‘best practice’, what | have
referredto as “'strategicdegreesf freedom’
(Tidd 1993). Therefore,what remainsis to
identify the most significant contingencies,
and the best configuration of organizational
structuresand managemenprocessesn each
case. Figure 1 presentsa summary of the
relationships between environmental
contingenciestype and degreeof innovation,
organizational configurations and
performance.

Organizational
performance e.g.
growth, market share

Figure 1. Innovation, environment and performance.

Environmental
contingencies, ¢.g.
uncertainty,

complexity

Organizational
configuration e.g.
structure,
processes

Degree & type
of innovation
e.g.
incremental,
radical




What Environmental Contingencies
Affect Innovation Management?

Economisthavelong observedhatindustries
differ in the amountof resourceslevotedto
innovation, and in the rate of technological
advance, whatever measureis used. Early
explanationsfor such differencesfocusedon
differencesin firm size or market structure,
but morerecentwork hasemphasizedherole
of technologicalopportunity (Geroski1994).
Although difficult to measureand model,
three potential sources of technological
opportunity have been identified (Klevorick
et al. 1995): advancesin scientific under-
standing; technological advances in other
relatedindustries;and positive feedbackfrom
prior technologicd advances The relative
importance of these different mechanisnms
varies by sector. For example,the pharma-
ceuticaland semiconductosectorsboth have
stronglinks to basicscience the formerto a
narrowrangeof scientificfields, thelatterto a
much wider rangeof fields. In the food and
electronicsindustries, material suppliersand
equipment manufacturers are important
sourcesof innovation. Customersare impor-
tant sourcesof innovationin the machinery,
electrical equipmentand medical instrument
sectors. Pavitt (1990) develops a similar
taxonomy basedon the primary sourcesof
innovation science based scale intensive;
information intensive; and supplier
dominated.

Such differencesin technological oppor-
tunity are associatedwith different market
structures,firm strategiesand organizational
structures. Miller (1995) proposes four
scenarios:technologyraces;technical parity
competition; market contest;and learningin
technology systems. In technology races,
firms compete by acquiring intellectual
property, for example,focusingon scientific
researchexcellencein target fields in the
pharmaceutical sector. In technical parity
competitions, the scientific and technical
knowledge is available to most firms, and
firms mustcompetansteadby developingand

producing new products at low cost, for
example,as in the automobile industry. In
market contests, a continuous flow of
improved and new products is necessary
becauseproductlives are shortand imitation
relatively easy.In this case firms competeon
the basis of creativity, cross-functional
integration and time-to-market,for example,
asin the consumetrelectronicssector.Finally,
learningin technologicalsystemsconsistsof
firms accumulatingexperiencen solving the
operationalproblemsthat appearin complex,
networkedtechnologies.Similarly, Langerak
etal. (2000)identify a link betweendifferent
R&D knowledgedomainsand the Miles and
Snow (1978) strategic archetypes of
prospectoranalyserdefenderand reactors.
A re-examination of the literature and
recent research suggests that two contin-
genciesexert a significant influence on the
organizationahndmanagementf innovation:
uncertainty and complexity (Tidd 1995,
1997). A review of 21 innovation research
projects concludes ‘‘environmental uncer-
tainty influencesboth the magnitudeand the
natureof innovation... (which) suggestshat
future researchshould adoptenvironmentally
sensitivetheoriesof organizationalnnovation
by explicitly controllingfor thedegreeandthe
nature of environmental uncertainty’
(Damanpourl996). In particular, perceptions
of environmentaluncertaintyappearto affect
the organization and management of
innovation(HauptmanandHirji 1999; Souder
et al. 1998). The secondcontingency,com-
plexity, is a function of the numberof tech-
nologies and their interactions, and recent
researchsuggestghat innovationin complex
products and systems is fundamentally
different from thatin otherfields (Dvir et al.
1998; Hobday et al. 2000). Uncertainty and
complexity needto be differentiated,as they
appearto havedifferent managementequire-
ments.Uncertaintyis a function of the rate of
changeof technologiesand product-markets,
whereascomplexity is a function of techno-
logical and organizationalinterdependernies.
For example,a firm exposedto an environ-
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high

Innovative

Uncertainty

Complex

Differentiated

Networked

low Complexity high

Figure 2. Effect of uncertainty and complexity on the management of innovation.

ment of rapid technological change might
require high levels of internal R&D amrd

linkageswith the sciencebase whereasa firm

attemptingto managecomplexity is likely to

be imbeddedin a network of collaborating
organizationgTidd 1995; Tidd and Trewhella
1997).Complexity doesnot necessarilymply

uncertainty,or vice versa(Tidd 1997). How-

ever, we would expect extreme cases of

complexity to be associatedvith uncertainty
as the number of potential interactions
increasesFigure 2 presentsa simple two-by-
two matrix, with uncertaintyasonedimension
and complexity as the other dimension.Each
gquadrantaisesdifferentissuesandis likely to

require specific organizationalstructuresand
processe$o managennovation:

e Differentiated: low uncertainty, low
complexity In this domain, product and
servicedifferentiation are the key issues,
marketingcompetenciesare critical, anda
product or market multi-divisional struc-
ture typical, e.g. fast-moving consumer
products.

« Innovative: high uncertainty, low com-
plexity. In this domain, scientific or tech-
nological competenciesre critical, and a
functional structuretypical, e.g. pharma-
ceuticals.

* Networked: low uncertainty, high com-
plexity. In this domain, project manage-
ment competencies are critical, and
professional structures typical, e.g.
construction(Gann2000).

e Complex: high uncertainty, high
complexity. The presenceof both high
uncertaintyandhigh complexitydemanda
range of competencies,including flexi-
bility and adaptationand learning. For
example, the application of software to
traditionally complex systems such as
transportation, telecommunications and
logistics has created new challengesto
managementand innovation (Hobday et
al. 2000).

Together, these two contingencies may
provide a more comprehensivetypology of
the environmenif technologyandinnovation
managementand help to guide management
researchand practice.

Degree and Type of Innovation Affect
Management

The problem of not specifying the type and
degree of the innovation examined is a
substantialobstacleto the generalizabilityof
innovationresearchWolfe 1994).Innovation



cantaketwo basicforms: productinnovation,
thatis changesn the productsor serviceshat
an organizationoffers; and processinnova-
tion, thatis changesn the waysproductsand
servicesarecreatedanddelivered.Sometimes
thedividing line is blurred,for examplejn the
case of a new catalyst for chemical pro-
duction,or a newserviceoffering, butin most
cases the distinction is usdul. A second
dimension of innovation is the degree of
novelty involved. There are degrees of
novelty, running from minor, incremental
improvements right through to industry
transformations. At any time, different
environmentalcontingenciesare likely to be
associatedwvith different typesand degreeof
innovation.For example traditionalmodelsof
product and processinnovation life cycles
suggesta shift from product innovation to
process innovation, and from radical to
incrementainnovationasanindustrymatures
(Abernathy and Utterback 1978). This is
importantto note, becausehe waysin which
we manageincremental, day-to-day change

will differ from the methodausedoccasionally

to handlea radical innovationin productor
processWe canplot thesetwo dimensionsof
innovationof a simple matrix that definesthe
spacewhich hasto be managedFigure3). On
the novelty axis, innovation ranges from
simple improvements to existng products
and processesthroughto radical ‘new to the
world’ innovations.Booz Allen & Hamilton
(1982) categorizeprojectsinto six types:

¢ improvementgo existing products

¢ new-productines

« additionsto existing productlines

¢ new-to-the-worldproducts

e costreductions- processdevelopment

e repositioning — product augmentation
development.

Clark amd Wheelwright (1992) adopt a
similar typology: research or advanced
development; breakthrough development;
platform or generational;and derivative or
incremental. More recently, Christensen
(1997)distinguishebetweertwo fundamental

Degree of
innovation

Disruptive

Radical

Incremental

Process

Product Service

Type of Innovation

Figure 3. Innovation ‘space’: the type and degree of innovation.
Source: Adapted from J. Tidd, J. Bessant and K. Pavitt (2001) Managing Innovation: Integrating
Technological, Market and Organizational Change, 2nd edition. Chichester: Wiley.
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types of innovation, sustaining innovation,
which continuesto improve existing product
functionality for existing customers and
markets, and disruptive innovation, which
provides a different set of functions which
arelikely to appeato avery differentsegment
of the market. Existing firms and their
customersare likely to undervalueor ignore
disruptive innovations,as theseare likely to
appear inferior to existing technologiesin
termsof measuresf benefitandperformance.
Therefore,establishedirms tend to be blind
to the potential of disruptive innovation,
which is more likely to be exploitedby new
entrants. In such cases, segmentation of
current markets and close relations with
existing customers will tend to reinforce
sustaininginnovation,but will fail to identify
or wrongly reject potentialdisruptiveinnova-
tions. Our recent study of 50 development
projectsin 25 firms examinedhe relationship
betweerthe perceivedovelty of a projectand
the structuresprocessesind methodsusedto
managethe projects(Tidd and Bodley 2001).
We identified significant differencesin terms
of both the use and the effectveness of
various structures,processesand tools. For
example,heavyweightproject managersand
crossfunctionalteamsweremoreeffectivefor
the high-novelty projects,and customersand
supplierswere twice aslikely to be involved
in the developmentind commercializationof
the novel projects. This supportsthe notion
thatnoveltyis a significantfactoraffectingthe
organizationahndmanagemendf innovation.

Organizational Responses to Complexity
and Uncertainty

Under conditions of complexity and uncer-
tainty, two organizationalfactors affect the
ability of afirm to developandcommercialize
new products and services: the internal
organization of the firm, specifically func-
tional links and the definition of business
divisions basedon product—-marketinkages;
and links with other organizations,such as
suppiers and cusbmers, and networks of

collaboratingorganizationgTidd 1997). Kay
(1993) refers to the sum of thesestructural
characteristicforming the “architecture” of
the firm.

Internal Organization

Thereis a significantbody of researcton the
environment-strategyand strategy—structure
linkages, but few studies addressed the
specific issue of innovation (Dess et al.
1993; Miller 1996). The notion of a
“‘configuration” emergedrom suchresearch,
which is more than a typology derived from
theory or a taxonomy based on empirical
evidence. A configuration is an internally
consistentcombination of strategy, organi-
zation and technologythat provide superior
perfformarce in a given ervironmen. For
example, the successof the multidivisional
structure, or M-form, is associatedwith a
strategyof diversificationinto relatedproduct
areas. It emergedbecausethe volume and
complexity of information placed strainson
the traditional functional structure. The
historical success of the chemical and
electrical industrieshas not beenbasedon a
singleproduct,procesor market,andtheyare
examples of what Chandler refers to as
“extersible tecmologies’ (Chandler 1966,
1990). The chemical industry extendedinto
textilesandpharmaceuticaJsandthe electrical
industry into consumer electronics and
machinetools. In contrast,the steelindustry
is an exampleof non-extensibletechnology,
which has focused on cost reduction and
productimprovement ratherthan diversifica-
tion. This suggeststhat the scope of the
tectmology has a significart influence on
strategyand organization(Channonl1973).
However,the multidivisional form quickly
became the de facto standard for large
organizationsirrespectiveof the environment
of technology.Multi-divisional firms can be
efficient innovators, measuredin terms of
patentsand new products per unit of R&D
expenditurg(Cardinaland Opler 1993),asthe
structurefacilitatesefficient innovationwithin



specific product-marketsindeed, one of the
benefitsclaimedfor the M-form organization
is that it offers the potential to centralize
resarch common to many different busi-
nessesput to decentralizeproduct develop-
ment to the relevantdivisions. However, in
practice,the structuremay limit the scopefor
learningnew competenciesfirms with fewer
divisional boundariesare associatedwith a
strategy based on capabilities-broadening,
whereasfirms with many divisional boun-
dariesare associatedvith a strategybasedon
capabilities-deepening (Argyres 1996). In
terms of financial performance, research
suggeststhat performanceat the level of
businesanitsis of much greatersignificance
than that at the corporatelevel: “‘corporate
returnswill differ becauseheir portfolios of
businesaunitsdiffer ... thereis no evidenceof
‘synergy’” (Rumelt1991,182).Thereforethe
structuremakesit very difficult to identify and
develop technologies and products which
crossexisting businesdivisions (Tidd 1994,
1995).DecentralizingR&D reduceghe scope
for exploiting the interrelatedness of
technologies, and the most appropriate
balance between corporate R&D by the
divisions will dependon the strategy and
tecmology (Tidd and Pavitt 2000). More
recently, we have begun to examine
alternativestructuresto dealwith complexity
and uncertainty,such as project-basedirms
andnetworkedorganizationgGannandSalter
1998; Hobdayet al. 2000).

External Linkages

In his seminalreview of modelsof innovation,
Rothwell (1992) proposed a “fifth-
generation” model of innovaion manage-
ment based on inter-compary networking
facilitated by IT systemsMore recently, the
term ‘network’ has becomewidely usedin
innovation researchand practice, but is not
usually clearly specified. There is little
agreementon what constitutesa network,
and the term and alternativessuch as ‘web’
and‘cluster’ havebeencriticizedfor beingtoo

vague and all-inclusive (DeBresson and
Amesse1991). Studieshave focusedon the
role of inter-persanal relationships in the
innovation process, others on the links
between different functional groups or
businessdivisions, and some on the rela-
tionships between different organizations
(Joneset al. 1998). The researchcommunity
hastendedo focusonthepolarextremes-the
role of the individual and strategicalliances,
and hasonly recentlyrecognizedthe needto
bridge this gulf in studies of innovation
networks(Fiol 1996).

A network is more than an aggregationof
bilateral relationshipsor dyads,and therefore
the configuration, nature and content of a
netwak impos addiional constrains and
presentadditional opportunities. A network
perspective is concerned with how these
economicactorsare influencedby the social
contextin which they are embeddedand how
actionscan be influencedby the position of
actors.A networkcaninfluencethe actionsof
its membersn two ways (Gulati 1998): first,
throughthe flow and sharingof information
within the network; secondly, through
differencesin the position of actorsin the
network,which bothreflectsandis a sourceof
power and control imbalancesTherefore the
position occupiedin a networkis a matter of
great strategic importance, and sources of
power include technology, expertise, trust,
economicstrengthandlegitimacy.

Historically, networks have evolved from
long-standingbusinessrelationshipssuch as
suppliers, distributors, customersand com-
petitors. Over time, mutual knowledge and
social bonds develop through repeated
dealings, increasing trust and reducing
transactioncosts. Therefore,a firm becomes
more likely to buy or sell technologyfrom
membersof its network (Bidault and Fischer
1994). The processis path dependenin the
sensethat past relationshipsbetweenactors
increasethe likelihood of future relationships,
which can lead to inertia and constrain
innovation.Indeed,muchof theearlyresearch
on networks concentratedon the constraints
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networksimpose on members,for example,
preventing the introduction of ‘superior’

technologie®r productsby controlling supply
and distribution networks (Hakanssorl995).
A networkcanneverbe optimalin anygeneric
sense, and the inherent instability and

imperfection of any network results in

evolution.Forexample BelussiandArcangeli
(1998) discussthe evolution of innovation
networksin a rangeof traditionalindustriesin

Italy. The potential to design explicitly or
participate selectively in networks for the
purposeof innovation, that is a path-creating
ratherthan path-dependenprocess has only
recently received attention (Galaskiewicz

1996).A studyof 53 researcmetworksfound
two distinct dynamics of formation and

growth. One type of network emergesand
develops as a result of environmental

interdependence, and — through common

interests— an emergentnetwork. However,
another type of network requires some
triggering entity to form and develop— a so-
caled “engineered”’ network (Doz et al.

2000).In anengineeredetwork,a nodalfirm

actively recruits other membersto form a
network, without the rationale of environ-
mental interdependence or similar mutua

interests.

Networksareappropriatevherethe benefits
of co-specialization, sharing of joint
infrastructureandstandardendothernetwork
externalities outweigh the costs of network
governancendmaintenanceWherethereare
high transactioncostsinvolved in purchasing
technology,a networkapproachmay be more
appropriatethan a market model and, where
uncertaintyexists,a network may be superior
to full integration or acquisition. Different
types of network are likely to be associated
with different ervironmertal contingercies
and types of innovation. For example,
complex productshaveto interface with the
productsandservicesof othervendors,andit
is in the interestof all organizationgo share
knowledgein orderto ensurecompatibility. In
such cases an ‘open’ network is most
appropriate.In contrast,a ‘closed’ network

seeksto control standardsby economiesof
scale and proprietary standardsin order to
lock-in customersand other organizationsin
the network(GarudandKumaraswamy 993).
Where the scientific base is abstract or
technology complex or performance
uncertain, new mediating institutions are
likely to be created(Attewell 1996). These
institutions stand between a complex
technology and the user, and are able to
benefitfrom economieof scalein ‘rare event
learning’ where end users cannot. Thus
consultants,systemsintegratorsand service
bureausare commonplacein emerging or
complextechnologiesHowever, by reducing
the initial burdenon users,these mediating
institutions may also reducethe potential for
usersto learn.

Conclusions

In this paper, | have attempted to draw
together the broad and diverse research
literature on innovation managemenand the
relevant contributions of organizational
behaviour and strategic management to
developa framework relating environmental
contingencies,organizational configurations,
innovationmanagemerandperformanceMy
review suggests that the complexity and
uncertainty of the environment affects the
degreetype, organizatiorandmanagemenof
innovation,andthatthe greaterthefit between
these factors, or the more coherent the
configuration, the greater the performance.
However,it is clearthat this hypothesismust
be testedempirically, specifically using better
measures of complexity and uncertainty.
Together,a betterunderstandingf theseand
other environmental contingencies may
provide finer-grained theories to guide
innovation managementesearchand clearer
and more consistentadvice for management
practice. The goal should be to identify the
organizationalconfigurationsmost suited to
specific technological and market environ-
ments, rather than to seeka single ideal or
best-practicemodel for any context. In this



respectresearcton the managementf inno-
vation hasonly just begun(Tidd et al. 2001).
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