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ABSTRACT. Employing data, from a recent survey of
Scottish and Northern English Small- and Medium-sized
Enterprises (SMEs), the current paper provides new evi-
dence of the extent to which perceptions of environmental
uncertainty (dynamism, complexity and hostility), along a
number of dimensions, discriminate between small firms
engaged in various levels of product innovation. Drawing,
broadly, upon an extended version of the classic Miles
and Snow schema, novel innovators appear to be marked
by perceptions of uncertainty in market and technological
environments, but by perceptions of a relatively certain or
benign competitive environment. Moreover, the paper
observes some dissimilarities between manufacturing and
service firms. For instance, higher levels of innovation in
manufacturing firms are associated with higher percep-
tions of supplier uncertainty, whilst, higher levels of inno-
vation in service firms are associated with higher
perceptions of human resource uncertainty.
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1. Introduction

The persistence of uncertainty and innovation are
central to contemporary conceptions of entrepre-
neurship (Brouwer, 2000). Indeed, the absence of
uncertainties from the static efficiency models of
neo-classical economics, largely explains the neglect
of the entrepreneur in subsequent expositions of

economic dynamics1 (Herbert and Link, 1989). In
these models, the role of the entrepreneur is lim-
ited to market entry in pursuit of known (at
least, or at best, in the sense of a known proba-
bility distribution of) profit opportunities. By
contrast, Austrian and Post-Keynesian econo-
mists emphasise the inevitability and pervasive-
ness of uncertainty and, accordingly, have
recognised the pivotal role played by entrepre-
neurs. However, whilst these schools employ sim-
ilar definitions of uncertainty, the influence
accorded to uncertainty varies. That is, entrepre-
neurship is related to uncertainty in an ambiva-
lent way. For instance, Schumpeter (1934), often
lauded by the academic entrepreneurship commu-
nity, did not view uncertainty as a necessary pre-
condition for innovation and entrepreneurship.
Rather, Schumpeter’s entrepreneur creates uncer-
tainty; wreaks ‘gales of creative destruction’. In
the language of economics, the entrepreneur acts
in equilibrium to create disequilibrium (see Rick-
etts, 1994 pp. 61–65). For Keynes, ‘when feeling
uncertain, entrepreneurs are in an ‘‘intermediate
domain where one follows conventions, customs
and rule of thumb’’’ (in Van Gelderen et al.,
2000, p. 171). In the former instance, uncertainty
is the outcome of entrepreneurship and innova-
tion, in the latter, uncertainty is a disincentive to
entrepreneurship and innovation. However,
accepted wisdom now holds uncertainty as a first
principle – that is, as a cause, rather than a con-
sequence, of entrepreneurship and innovation.2

In line with Kirzner (1973), the bounded ratio-
nality and knowledge imperfections of market
participants (i.e. uncertainties in the relevant
environment) create [indeterminate] opportunities
for profit through the introduction of novelty:
‘Since uncertainty is a fact of economic life,
entrepreneurs are needed for arbitrage, to take
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risks and to innovate’ (Van Gelderen et al., 2000,
p. 169). At the very least, uncertainty is thought
to bring about the conditions in which the entre-
preneur (as innovator) may prosper.

2. The nature and measurement of uncertainty

Our understanding of environments, in the con-
text of organisation studies, generally draws
upon three dimensions; munificence, complexity
and dynamism (Dess and Beard, 1984). These
dimensions, in turn, relate to two common
approaches to conceptualising environments – as
either a source of information or as a stock of
resources. In this vein, munificence is normally
taken to signal a firm’s dependence upon the
environment for resources, whilst complexity and
dynamism reflect the degree of uncertainty the
firm faces. To this end, Milliken (1987) suggested
that there are three types of uncertainty about
environments. ‘Effect uncertainty is an inability
to predict the nature of the effect of a future
state of the environment on the organisation.
Response uncertainty is an inability to predict
the likely consequences of a response choice. The
third type, state uncertainty, is also referred to as
perceived environmental uncertainty’ (Buchko,
1994, p. 411). Here, as Edith Penrose noted, ‘. . .if
one is concerned with the effect of uncertainty on
the behaviour of the firm, one is concerned with
‘subjective uncertainty’ – with the state of mind
of decision makers – and with subjective esti-
mates of the risk of disappointment’ (Penrose,
1995, p. 58). It is generally accepted that manag-
ers’ perceptions of the environment are more
important than the actual environment (Achrol
et al., 1983 Duncan, 1972; Hambrick and Snow,
1977; Miller, 1988). If managers perceive an envi-
ronment to be uncertain then they are liable to
make decisions which are designed for uncertain
environments. In other words, environments are
neither certain nor uncertain in themselves, but
thinking makes them so. In this way, although
uncertainty will inevitably be a partial function
of objective characteristics of the environment,
this definition emphasises the importance of the
perceptual process in the determination of envi-
ronmental uncertainty. ‘Perceptions of environ-
mental uncertainty occur when executives are
unable to predict future changes in components

of the environment or possess an incomplete
understanding of the relationship among compo-
nents of the environment’ (Buchko, 1994,
p. 411). Here still, uncertainty is conceived of as
a function of dynamism and complexity. The
more complex and changing the environment, the
higher the level of environmental uncertainty
(Damanpour, 1996). However, more fundamen-
tally, managerial perceptions of environmental
uncertainty are determined by ‘the predictability
of conditions in the organizations environment’
(Miles and Snow, 1978, p. 195; see also Miller
and Friesen, 1978). The notion of predictability,
as the converse of uncertainty, underpins both
academic and popular conceptions of uncertainty
and is apparent in the model developed here.

To this end Miles and Snow (1978) devel-
oped a measure of environmental uncertainty –
the ‘perceived environmental uncertainty scale’
– which revolved around six subscales, corre-
sponding to relative predictability in six key
sectors of a firm’s external environment: suppli-
ers, competitors, customers, financial markets,
government and regulatory agencies and trade
unions. A similar scale had been developed by
Duncan (1972) and, later, by Wernerfelt and
Karani (1987) – though these last two com-
pressed the economic environment variables
(Table I).

The current study follows, most closely, the
Miles and Snow (1978) model. However, given
the falling level of unionisation over the last
25 years, and the focus upon small- and medium-
sized firms, the impact of trade unions upon
perceived environmental uncertainty is not con-
sidered here (Paggell and Krause, 1999). More-
over, all the sources of uncertainty identified (in
Table I) are extra-organisational. Clearly, how-
ever, uncertainty may arise as a result of either
complexity or dynamism in a more proximate or
immediate environment – that of the individual
or of the firm. Following the work of Jovanovic
(1982), uncertainty is liable to be caused by the
limited learning capabilities of the individual and
the uncertainty associated with success or failure.
Fundamentally, the Jovanovic model assumes
that entrepreneurs starting a business are unsure
about their managerial abilities and the conse-
quent probability of success. Although entry may
be made on an ambiguous notion of expected
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post entry profitability, entrepreneurs only
become aware of their true ability to manage in
the given environment once their enterprise is
established. Whilst explicitly concerned with busi-
ness start-up, this source of uncertainty may rea-
sonably be extended to ‘new ventures’ – such as
a significant product innovation – within incum-
bent firms. Van Gelderen et al. (2000) style this
type of uncertainty ‘self confidence’. However, in
a sample of established firms, its discrete mea-
surement is likely to prove problematic and,
moreover, one may safely assume that uncertain-
ties at the personal level will be reflected in per-
ceptions of environmental uncertainty at higher
levels – that is, uncertainties regarding one’s own
abilities are likely to be both cause and effect of
perceptions of complexity and dynamism in the
environment in which one operates. Further
moderation of the influence of this source of
uncertainty is, in line with Jovanovic, attempted
by inclusion of a firm age variable in the analysis
reported below.

A more significant omission, at the level of the
firm, relates to resource uncertainty. (see Van
Gelderen et al., 2000). Whilst partially addressed
by Duncan’s (1972) model (under ‘competitors
for your raw material’), this dimension is likely
to represent the firm’s ability to enlist the neces-
sary resources (i.e. skills, technology and
finance), and the level of turbulence of the
resources employed. Though linked to the con-
cept of munificence (discussed above; see also
Castrogiovanni, 1991), the essence of this mea-
sure also corresponds to the ability of the firm to
recruit and retain the resources required to carry
out firm strategies and is, in this sense, a measure
of both environmental hostility, as the converse
of munificence (Lumpkin and Dess, 2001), and
dynamism.

Drawing together the strands of the above dis-
cussions allows one to develop a model of the
sources of perceived environmental uncertainty
encompassing three levels: the firm; the industry
and market; and the supra-industrial, economic
environment (Figure 1). (Note; that in contrast
to Miles and Snow (1978), difficulties in accessing
finance are considered a source of perceived
resource uncertainty or hostility – though clearly
this is a matter of preference).

3. Uncertainty and innovation

Russell and Russell (1992, p. 640) note that;
‘One of the few sets of consistent findings in the
innovation literature is that. . .innovation is posi-
tively correlated with environmental uncertainty
(conceptualised in terms of complexity and dyna-
mism)’. There are two obvious explanations for
this finding. The first is that a high degree of
innovation leads to perceptions of increased
uncertainty among managers – i.e. innovation
causes environmental uncertainty. By contrast,
the alternative rationalisation holds that high lev-
els of uncertainty generate more innovation

TABLE I

Dimensions of perceived environmental uncertainty

Duncan (1972) Miles and Snow (1978) Wernerfelt and Karani (1987)

Actual users of your products Customers Demand

Competitors for your raw materials Suppliers Supply

Competitors for your customers Competitors Competition

Government regulations controlling your industry Government and regulatory agencies External

The public’s attitudes towards your industry Financial markets

Trade unions Trade unions

Figure 1. Levels of perceived environmental uncertainty.
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through greater scope for opportunity seeking
and adaptive behaviour. Despite the plausibility
of the former, the latter explanation is generally
accorded more popular credence. Though, here
too, one may proffer a less heroic rationalisation
– namely, that environmental uncertainty requires
firms to change and adapt.

The innovation literature commonly suggests
that firms are likely to pursue more proactive
and more aggressive strategies as uncertainty
increases (Özsomer et al., 1997). Increased envi-
ronmental uncertainty creates the incentive for
market segmentation strategies that require that
the emphasis be placed upon innovation. That is,
greater variability in the external environment is
likely to compel incumbent firms to safeguard
their market position through the introduction of
new products or new processes. For instance,
early studies suggested that over 50% of product
and technological innovations, emerge in
response to competitive, market or other environ-
mental influences (Myers and Marquis, 1969, in
Miller and Friesen, 1982). In essence, the more
dynamic or complex the environment, the greater
the compulsion to innovate and the more innova-
tive firms are likely to be (Bhidé, 2000; Miller
and Friesen, 1982;). When, for instance, customer
tastes or expectations fluctuate or competitors
introduce new products, the pressure on firms to
innovate will be great and, accordingly, one may
anticipate that the level of innovation will be
high. Clearly, this is likely to be true for both
entrepreneurial and conservative firms (Miller
and Friesen, 1982).

Ultimately, however, and irrespective of differ-
ences in emphasis, the conclusion is much the
same: ‘. . .that organizations residing in relatively
uncertain environments may be expected to
adopt a greater number of innovations than
those residing in relatively certain environments’
(Russell and Russell, 1992, p. 640).

However, whilst there is a relative consensus
favouring a positive link between complex and
dynamic environments and the propensity to
innovate, the converse is true of perceived envi-
ronmental hostility and innovation. That is, in a
hostile environment the intensity of competition
exerts significantly more pressure on firms, ori-
enting them towards financial conservation
(rather than innovation) strategies, and, accord-

ingly, allowing less slack for experimentation
(Lumpkin and Dess, 2001). In other words,
‘. . .given that hostile environments are often
operationally defined as exhibiting tough price
competition, one would expect competition on
costs to be more prevalent than competition
based on product differentiation’ (Covin et al.,
1999, pp. 184–185). That is, process improve-
ments (aimed at improving productivity, reducing
inventories or similar means of controlling costs)
are likely to be more common than product
innovations which require, often considerable,
front-end, sunk and fixed costs – most especially
within manufacturing firms. In contrast, one
might anticipate that in benign environments,
characterised by relatively high profit margins,
low competitive intensity, and high customer loy-
alty, bases of competition other than price would
dominate. Under benign conditions, ‘Firms seek
to distinguish themselves from competitors on
the basis of differential products, allowing pre-
mium prices to be charged and maximum value
to be extracted from their lucrative markets
(Covin et al., 1999, p. 185) – though this by no
means implies agreement in the literature (cf.
Miller, 1988). Nonetheless, the operationalisation
of the environmental variables, in the current
study, has attempted to incorporate elements of
both hostility and dynamism across the three lev-
els, with a view to investigating the differential
impact of relative hostility and dynamism.

More generally, this paper seeks to address
one ‘global’ question:

To what extent, and along what dimensions,
do higher levels of perceived environmental
uncertainty and hostility mark innovators, rela-
tive to less innovative firms?

This question is driven by a desire to look
beyond the [near] axiom that innovation is posi-
tively associated with environmental uncertainty,
and to consider the various effects of levels of
environment and types of uncertainty – in partic-
ular the comparative influence of dynamism and
hostility. Moreover, the paper is concerned with
the relative effect of perceptions of environmental
hostility or dynamism on manufacturing and ser-
vice firms. At the risk of over-simplifying, ser-
vices frequently differ from tangible products in
both the physical characteristics and the methods
of production and delivery. Accordingly, one
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might reasonably anticipate that manufacturing
and service firms confront unique challenges in
their innovation activities and, as a result,
respond differently to comparable levels of uncer-
tainty or, indeed, perceive of such ‘objective’
uncertainty differently (Brouthers et al., 2002).
One obvious example of this distinction is in the
level of resource commitments required and the
associated exposure to market and macro-level
uncertainties. Accordingly, and in line with
Covin et al. (1999), by analysing manufacturing
and services firms separately, one hopes that
‘. . .macro-industry effects are effectively con-
trolled for in the research through the elimina-
tion of multiple and diverse macro-industry
groups’ (p. 190). Finally, the paper is concerned
with the extent to which previous findings, link-
ing environmental uncertainty and innovation,
may be replicated within the small business sec-
tor. A sector in which levels of uncertainty are
thought to be intrinsically higher (Storey and
Sykes, 1996).

4. Data

The data presented here was collected as part of
a wide-ranging ‘Survey of Enterprise in Northern
Britain.3 This project drew heavily, in style and
substance, upon the successful Cambridge studies
(see CBR 1996, 1998, 2000; SBRC 1992). The
rationale for undertaking the project emanated
from concerns over coverage in these earlier (and
ongoing) studies of UK Small- and Medium-
sized Enterprises (SMEs). For instance, data
from the 1997 Cambridge survey included only
146 Scottish firms. Notwithstanding this, the suc-
cess of the work carried out at Cambridge pro-
vides a suitable exemplar from which to build.
Accordingly, in common with the Cambridge
studies a postal questionnaire was employed,
which covered a number of issues, including;
business advice, training, ICT and finance. This
current paper is based, principally, upon the sec-
tions concerned with innovation and general
business characteristics.

Again, in common with the Cambridge stud-
ies, the sample frame used in constructing the
database was the Dun and Bradstreet UK
Marketing Database (D&B). This database has
its origins in the credit-rating business and, as

such, it is likely that it over-represents expanding
firms in search of finance. Moreover, the data-
base is known to under-represent single person
self-employed, sole proprietors and partnerships
in comparison to the overall enterprise sector
(Bullock et al., 1996). Accordingly, one obvious
consequence of using this database is the likely
under-representation of the smallest firms, rela-
tive to the UK business stock. However, studies
of firm level innovation processes (such as the
CIS), as a result of concerns over data adequacy,
response-rates and issue relevance, invariably
under-survey micro-firms. Whilst there is some
evidence to counter these presuppositions (Cosh
et al., 1998), custom and practice, and indeed
commonsense, continues to underwrite their
veracity. The principal consequence of this skew
is likely to be an over-estimate of population lev-
els of innovation, managerial sophistication, use
of finance, and so on. However, when this caveat
is borne in mind (i.e. that the survey did not seek
to represent, in any isomorphic manner, the
notional population), then the legitimacy of the
subsequent analyses should not be compromised.

Consistent with the Cambridge studies, the
sample design adopted a size-stratified approach
(though our weightings and size bands differ,
given the differing populations). We sought to
obtain a manufacturing sample split in the ratio
30:60:10 across the employment bands 1–9, 10–
99 and 100–499. For business services we sought
a 75:20:5. The difference in ratios reflects the
lower number of service firms in the larger size
bands, both within the D&B database and the
stock of firms. In addition to the size-stratifica-
tion, the sample frame was split between manu-
facturing and business services on a 40:60 basis.
Again, this over-represents manufacturing firms
relative to the population. However, this weight-
ing was deemed appropriate in light of Scottish
and UK industrial policy objectives.4

The survey was conducted during April and
May of 2001. Mailings were followed up with
telephone prompts to initial non-respondents,
though limited resources permitted only ad hoc
re-mailing. This latter failing is likely to have, at
least in part, contributed to the disappointing
response rate: of the 5200 manufacturing firms
surveyed, 597 provided useable responses (an
11.5% response rate); for service firms the figures
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are 7472 and 748, respectively (a 10% response
rate). On the whole, however, the sample appears
reasonable reliable, statistically. For instance,
from a notional SME (i.e. less than 500 FTEs)
manufacturing population of approximately
15180 firms, the 597 responses represent a 3.9%
sampling error at the 95% confidence level. For
services, given an approximate SME population
of 40555 firms (SIC (92) divisions 52.7, 64, 72–
74, 92.1 and 93 only), the 750 responses represent
a 3.5% sampling error at the 95% confidence
level. In most survey research, error levels typi-
cally lie between 2% and 6% with 95% confidence
limits (Oerlemans et al., 2001).

5. Analysis

5.1. Innovation and uncertainty

In addressing the question raised (i.e. the extent
to which innovators are marked by higher
degrees of perceived environmental uncertainty),
multiple discriminant analysis was employed
(using SPSS). The primary goal of discriminant
analysis is to find the dimension or dimensions
along which ‘naturally’ occurring [discrete]
groups differ. Accordingly, one might also have
employed multinomial (or polychotomous) logis-
tic regression. However, the multinomial logit
procedure implies an ordering of groups which,
although intuitively comfortable in the current
context, there is little a priori basis for supposing.
However, irrespective of the choice of statistical
method, and as one might have anticipated, the
results of the discriminant and multinomial logis-
tic analyses were broadly similar.5 Nonetheless,
for brevity and simplicity, only the discriminant
analysis results are recorded here.

To this end, groupings (i.e. the dependent vari-
able) were contrived based on level of product
innovation, such that: novel product innovators
are those who had introduced at least one prod-
uct new to the industry during the period 1998–
2001; incremental product innovators are those
who had introduced at least one product new to
the firm only during the same period; and, non-
innovators are those who introduced no new prod-
ucts. In other words, the analysis is concerned
with the ability of various predictor variables to
discriminate between novel innovators, incremen-

tal innovators and non-innovators (of products) –
though this is not to imply the existence of
‘novelty’ in a Schumpeterian sense. It is impor-
tant to note that the concept of novelty, as
recorded here, is fundamentally relative. The
distinction drawn is one of degree rather than
kind (and inevitably incorporates a degree of self-
reporting construct bias). Nonetheless, one might
reasonably anticipate qualitative differences to
exist, in the main, between firms that introduce
‘new to the industry’ products, ‘new to the firm
only’ products, and those not engaged in any new
product development/introduction activities – not
least in the level of risk, and uncertainty, faced.

Table II, details the variables used in the anal-
ysis. As noted, the objectives of the survey were
wide-ranging. As such, the variables used do not
mirror directly those employed in the Miles and
Snow (1978) ‘Perceived Environmental Uncer-
tainty Scale’, but rather, are intended to proxy
the broad categories of environmental uncertainty
and hostility identified in earlier work.6 In addi-
tion to the environmental proxies, as the table
indicates, firm age and size were used as moderat-
ing variables, since one may safely anticipate that
older firms and larger firms, as a result of accu-
mulated experience and greater resource, are less
liable, ceteris paribus, to perceive higher degrees
of environmental uncertainty. Finally, to the
extent that the nature of innovation is thought to
vary substantially and systematically between
broad industrial sectors (Hoffmann et al., 1998),7

the current analysis estimates functions for manu-
facturing and service firms separately.

Multicollinearity was investigated using corre-
lation matrices (Tables III and IV) and, in both
cases, no problems were suggested. As Tables III
and IV indicate, only in the case of ‘age’ and
‘size’ (manufacturing) and ‘skill index’ and ‘finan-
cial index’ (both manufacturing and services) do
the bivariate correlations exceed 0.3. Whilst the
former finding is to be expected, the latter rela-
tionship is less intuitively straightforward. How-
ever, given that both ‘skills index’ and ‘financial
index’ essentially measure the perceived strength
of potential constraints to innovation, their cor-
relation may not be so surprising. Nonetheless,
the magnitudes of the correlation statistics do
not suggest redundancy and the implications for
multicollinearity are likely to be moderate.
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Accordingly, the choice was made to include the
variables in the subsequent analysis.

Turning to particulars; Tables V and VI
record the results of a discriminant function anal-
ysis and group descriptive statistics, as described
above, for manufacturing and service firms. As
the data in Tables V and VI indicate, the func-
tions are effective discriminators of innovator
type.8 However, in each instance, function one
only appears to significantly discriminate between
the three innovator groups contrived. Accord-
ingly, only data relating to the first discriminant
function are presented in each case.

Interpretation of the function relies largely
upon consideration of the correlations between
individual predictors variables and the respective
functions (known as structure coefficients – in
effect, factor loadings) – supported by the results
of univariate ANOVAs for each variable. Whilst
consensus is lacking with regards to the interpre-

tation of loadings, a common ‘rule of thumb’
suggests that correlations in excess of 0.3 (i.e.
10% of variance) may be considered eligible for
interpretation whilst lower ones may not
(Tabachnik and Fidell, 2000). Accordingly, the
discussion below adopts this convention. The
tables also report the standardised canonical dis-
criminant function coefficients. Discriminant
function coefficients denote the unique (partial)
contribution of each variable to the discriminant
function(s), while the structure coefficients denote
the simple correlations between the variables and
the function(s). If one wants to assign substantive
‘meaningful’ labels to the discriminant functions
(similar to the interpretation of factors in factor
analysis), this involves interpretation of the struc-
ture coefficients. If, however, one wants to com-
ment upon the unique contribution of each
variable to the discrimination, then the discrimi-
nant function coefficients (akin to b weights in

TABLE II

Variables used in discriminant functions

Variables Definition

Control variables

Age Age of firm in years

Firm size Firm size in full-time-equivalent (FTEs) employees

Uncertainty in the economic environment

Dynamic economy Dummy variable representing dynamics in the economic environment, based upon changing information

requirements and government regulations/legislation; highly dynamic environment = 1, otherwise = 0

Hostile economy Dummy variable representing hostility of the economic environment, based upon the relative

extent to which innovation was compelled by legislation, regulation and standardisation;

hostile environment = 1, otherwise = 0

Market and industry uncertainties

Competitors Absolute number of serious competitors reported

Overseas competitors Percentage of serious competitors based overseas

Larger competitors Percentage of serious competitors larger than firm

Customer dependency Dummy customer dependency variable; >49% of turnover from largest 5 customer = 1,

otherwise = 0

Uncertain supply Dummy variable representing changing composition of key suppliers and supplier search

activities; high levels of turbulence and search = 1, otherwise = 0

Uncertain markets Dummy variable representing changing composition of customers and market search activities;

high levels of turbulence and search = 1, otherwise = 0

Internal resource uncertainties

Technical indexa Scale representing changing levels of automation and technological accumulation (0–27); higher

scores are associated with higher and changing levels of technological accumulation

Skill indexa Scale representing importance of human resource shortages as a barrier to innovation (0–25);

higher scores are associated with higher perceptions of difficulties

Finance indexa Scale representing difficulties accessing finance as a barrier to innovation (0–15); higher scores

are associated with higher perceptions of difficulties

aTests of scale reliabilities report Cronbach’s a > 0.7 in all cases; whilst not strictly speaking continuous variables, studies suggest

that ordinal scales that have 15 or more orderings may be treated as continuous.
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regression) are used. The current concern is lar-
gely with the former. However, given the
intended roles of firm age and size as controls,
some heed must also be taken of the respective
weights.

Turning to specifics, one of the clearest find-
ings concerns our control variables; that is, it is
apparent that novel product innovators are larger
than incremental innovators who, in turn, are

larger than non-innovators. This finding holds
for both manufacturing firms and service firms –
and, in the case of manufacturing firms, firm size
makes the largest unique contribution to the dis-
crimination between groups. Given the absolute
measure of innovation adopted, this is not
entirely surprising. One may plausibly expect a
different observation were one, instead, to adopt
a relative measure of innovation, concerned with

TABLE V

Manufacturing firms

Predictor Variables Function 1 (only)

Correlations of predictors

with discriminant functions

Standardised canonical

discriminant functions coefficients

Univariate

F(2, 361)

Age 0.292 0.059 1.870

Firm size 0.648 0.470 9.178a

Dynamic economy 0.301 0.293 2.103

Hostile economy 0.040 )0.145 1.344

Competitors )0.201 )0.114 1.638

Larger competitors )0.064 0.039 0.248

Overseas competitors 0.452 0.263 4.436a

Customer dependency )0.084 )0.150 0.179

Uncertain supply 0.325 0.227 2.855b

Uncertain markets 0.511 0.230 6.237a

Technical index 0.465 0.330 4.863a

Skill index 0.246 0.329 1.491

Finance index )0.025 )0.283 0.027

Canonical R 0.325

Eigenvalue 0.118

Wilks lambda v2 Df

Functions 1–2 0.867 50.867a 26

Function 2 0.969 11.329 12

Predictor variables Group means and proportions

Novel innovators Incremental innovators Non-innovators

Age 37.75 34.13 28.16

Firm size 58.72 37.39 28.78

Dynamic economy 73.83% 64.65% 62.93%

Hostile economy 34.90% 44.44% 35.34%

Competitors 9.46 7.71 15.72

% Larger competitors 64.01% 62.79% 66.11%

% O/seas competitors 21.40% 16.90% 10.59%

Customer dependency 38.26% 41.41% 41.38%

Uncertain supply 30.02% 29.29% 18.10%

Uncertain markets 51.01% 46.46% 30.17%

Technical index 8.54 7.15 6.78

Skill index 10.69 10.54 9.82

Finance index 5.54 5.52 5.60

N 149 99 116

asignificant at 1% level; bsignificant at 5% level; csignificant at 10% level.
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innovation intensities – e.g. number of new prod-
ucts per full-time-equivalent employee (Van Dijk
et al., 1997). However, taking size as a proxy for
resource availability, it is unequivocally the case
that larger firms, taken as a whole, are more
capable of successfully introducing significant
innovations in products, than are their smaller
counterparts. Less remarkably, the firm age vari-
able does not appear to aid discrimination
between innovators types.

With regards to the role of perceived environ-
mental dynamism and hostility in discriminating
between innovator type, and addressing manufac-
turing firms in the first instance: the market/
industry dimension of uncertainty has the greatest
apparent influence. That is, novel and incremental
innovators report proportionately more overseas
competitors than do non-innovators. There is,
undoubtedly, an easy temptation to consider this
indicative of a hostile competitive environment.

TABLE VI

Service Firms

Predictor variables Function 1 (only)

Correlations of predictors

with discriminant functions

Standardised canonical

discriminant functions coefficients

Univariate F(2, 408)

Age 0.237 0.175 2.343c

Firm size 0.502 0.324 3.074b

Dynamic economy 0.031 0.106 0.088

Hostile economy 0.048 0.058 0.090

Competitors )0.270 )0.291 2.596c

Larger competitors 0.193 0.156 2.090

Overseas competitors 0.417 0.250 6.429a

Customer dependency 0.067 0.014 1.716

Uncertain supply 0.136 )0.026 1.195

Uncertain markets 0.613 0.574 12.568a

Technical index 0.360 0.213 4.508a

Skill index 0.450 0.309 7.542a

Finance index 0.193 0.062 1.160

Canonical R 0.367

Eigenvalue 0.155

Wilks lambda v2 df

Functions 1–2 0.836 71.832a 26

Function 2 0.965 14.111 12

Predictor variables Group means and proportions

Novel innovators Incremental innovators Non-innovators

Age 23.89 19.74 18.31

Firm size 25.99 19.59 12.52

Dynamic economy 63.64% 64.96% 62.50%

Hostile economy 33.33% 32.48% 31.25%

Competitors 11.31 13.42 33.68

Larger competitors 74.92% 66.00% 67.96%

Overseas competitors 13.94% 6.86% 4.93%

Customer dependency 46.21% 34.19% 41.88%

Uncertain supply 25.76% 18.80% 20.00%

Uncertain markets 53.79% 44.44% 26.88%

Technical index 7.14 6.03 5.58

Skill index 11.41 11.27 9.64

Finance index 5.95 5.74 5.41

N 132 117 160

asignificant at 1% level; bsignificant at 5% level; csignificant at 10% level.
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However, as Covin et al. (1999) note; ‘. . .market
breadth – that is, geographical range of served
markets – will likely correlate with competitive
success in hostile environments’ (p. 181). One
might rephrase this as ‘relative market breadth is
likely to attenuate environmental hostility’, or
‘firms operating in diffuse geographic markets are
less liable to perceive of high levels of environ-
mental hostility’. In either case, operating in
broad geographical markets should allow firms to
contend for a greater proportion of total industry
sales and for resources. Moreover, geographical
market breadth may also insulate the firm against
local hostilities. Apparent corroboration is inti-
mated by the descriptive statistics relating to
absolute number of serious competitors – though
this finding is not significant. By contrast, a
higher proportion of novel innovators perceive
instability in suppliers and in customers, and are
engaged in more frequent scanning for either new
sources of supply or new markets (than do incre-
mental innovators who, in turn, record higher lev-
els than non-innovators). That is, increasing
innovativeness appears to be associated with
higher levels of perceived uncertainty relating to
customers and suppliers. Moreover, with respect
to internal resource uncertainties, the data suggest
a positive association between level of innovative-
ness and increasing levels of automation or tech-
nology accumulation (i.e. dynamic uncertainties
in process technology) – novel innovators report
higher and more volatile levels of technology
accumulation/automation, relative to incremental
innovators, relative, in turn, to non-innovators.

Finally, whilst the factor loadings tentatively
suggests that novel innovators are more likely to
perceive increases in relevant government regula-
tions and information requirements (i.e. dynamic
economic environmental uncertainty) than their
less and non-innovative peers, no support is
offered by the related univariate ANOVA.
Accordingly, one is bound to be more equivocal,
or less certain, in this instance. Furthermore, the
descriptive statistics point to greater perceptions
of economic environmental hostility on the part
of incremental innovators (than either novel or
non-innovators) – to the extent that innovation is
more likely to be compelled by either government
regulation or quasi-government standardisation.
However, as before, this finding is not significant

in the discriminant analysis. Interestingly, though
offered here as an aside only, these observations
relating to the economic environment variables
were found to be statistically significant when
running the appropriate logistic regressions.

With respect to service firms, market and
industry variables again seem to exert the great-
est influence upon the discriminant functions.
Specifically, univariate analysis suggests that both
innovators types are liable to be in competition
with fewer serious competitors than are non-
innovators – i.e. lower perceived uncertainty
relating to competition. Though, as before, inter-
pretation of the factor loadings is less straightfor-
ward. That the proportion of competitors, which
are larger than the firm, has no influence may be
explained by the generally lower firm size within
the service sector. However, and again as an
aside, logistic regression analysis does suggest
that ‘novel’ innovators were significantly more
likely to report a higher proportion of larger
competitors than either ‘incremental’ or non-
innovators. Moreover, the data does indicate
that, in common with manufacturers, the propor-
tion of serious overseas competitors effectively
discriminates between ‘novel-innovators’ and
their peers. Again, I would argue, in line with
Covin et al. (1999) and perhaps counter-intui-
tively, that this is indicative of a more benign
environment.

With reference to uncertainties in customers
and markets, a similar observation, to that noted
for manufacturing firms, is also indicated for ser-
vice firms; namely, that higher volatility in the
customer base and more frequent market search
activities appear to be associated with high levels
of innovativeness. Unlike manufacturing firms,
however, a parallel association was not found for
changes in suppliers and supplier search activity.
Again, this may be rationalised by the differing
characteristics of manufacturing and service firms.
Key suppliers to service firms are less likely to
provide sub-assemblies and raw materials, which
are incorporated in the end product, but rather
provide supporting resources, which enable the
more effective delivery of the end product/service.
In this way, their influence upon the product
innovativeness of individual firms may be less.

Differences between manufacturing and ser-
vices firms may also explain the influence of
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human resource related environmental hostility in
discriminating between innovators types in service
firms – a finding that was absent from the manu-
facturing analysis above. That is, the end product
of a service firm (i.e. the delivery of the service) is
largely embodied in the skills of the individual(s)
who delivers it. Thus, innovation in products
becomes more immediately dependent upon the
efficacy of available human resources. Regardless,
it appears that novel-innovators perceive a more
hostile and uncertain environment in this respect
(relative to incremental innovators relative, in
turn, to non-innovators). In other words, percep-
tions of the difficulty in recruiting suitable human
resources to enable innovation appear positively
associated with higher levels of innovation. As
with manufacturing firms, higher and changing
levels of technology/automation (i.e. technologi-
cal uncertainty) discriminate between novel inno-
vators and other firms.

Finally, uncertainty, relating to either dyna-
mism or hostility, in the economic environment
appears to have limited influence upon the prod-
uct innovativeness of service firms. This runs
counter to the expectations of Brouthers et al.
(2002) who note that, since ‘Services are often
locally produced because of their characteristic of
inseparability. . .services are typically more
exposed to macroeconomic uncertainty than
manufacturing firms’ (p. 498). In times of high
economic environmental uncertainty, manufac-
turing firms may, for instance, import compo-
nents or sub-assemblies and may inventory
products to be sold at a later date. One might
respond that the lower fixity of assets, and gener-
ally lower resource commitments, make service
firms more mobile than their manufacturing
peers. However, at least at the national level, this
mobility is unlikely to be practiced. Rather,
Brouther et al.’s (2002) concern is with the indi-
rect effects of government on the environment
(on variables such as inflation, exchange rates
and so on) whilst the current concern is with the
more direct effects of (changing) government and
quasi-government action on firms’ perceptions.
The inability to distinguish the effects of the for-
mer is undoubtedly a weakness in the current
study – though one would hope the latter repre-
sents a strength. Notwithstanding this, and
accepting the operationalisation of the economic

environment variables, one is bound simply to
note that higher perceptions of an increasingly
complex and demanding information and regula-
tory environment are not associated with the
innovative activities of service firms.

One might be tempted to argue, and this
undoubtedly reflects personal bias, that the
greater perception of hostility in the economic
environment, noted for incremental innovators in
manufacturing, may reflect the disproportionate
burden of regulation which this sector has to
bear. This concern is further underscored by the
higher unit cost of regulatory compliance (with
few exceptions) that small firms, in general, face
(Rothwell, 1983).

6. Concluding remarks

Employing new data, from a survey of ‘Northern
British’ SMEs, the current paper sought to
explore the extent to which innovation in prod-
ucts was associated with perceived environmental
uncertainty. To this end, the data confirms earlier
studies, and popular conceptions, with regards to
uncertainties in markets or in process technolo-
gies. That is firms engaged in novel products
innovation record a higher degree of flux in cus-
tomer base and increased market search activities,
and report higher levels of technological accumu-
lation and, in general, less settled process technol-
ogy. This finding holds for both manufacturing
and service firms and, on the whole, accords well
with our presuppositions. Yet, the extent to which
perceptions of uncertainty, along these dimen-
sions, are cause or consequence of innovation is
impossible to unambiguously establish in cross-
sectional research of this type (indeed, this issue is
likely to prove intractable even in survey-based
panel studies). Though, clearly, one may plausibly
speculate along the lines discussed earlier. For
instance, market uncertainties (as proxied here)
may, on the one hand, create scope for new prod-
uct introduction as a result of changing customer
tastes and preferences, whilst, on the other hand,
firms introducing ‘novel’ products are likely to be
less certain of customer reactions and accordingly
perceive a more uncertain market environment.
Clearly the issue warrants further investigation;
perhaps, where the emphasis is upon the collec-
tion of richer, longitudinal, firm- or project-
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specific data. However, here we merely note the
association.

Regardless of one’s ability to unequivocally
establish causality, these results may be inter-
preted as providing further substantiation for
some generally accepted, though perhaps not as
widely adopted, strategic injunctions. Namely: the
importance of generic technologies and focused
technology accumulation (i.e. technology strategy
– see Rothwell, 1994); the value of market scan-
ning and opportunity orientation; and, at least in
the case of manufacturing firms, the merits of flex-
ible supply (see below). These activities appear to
be strongly associated with success in innovation.

In contrast to uncertainties in markets and
process technology, novel innovation, in both
manufacturing and service firms, appears to be
negatively associated with uncertainties in compe-
tition – proxied by the absolute number, the size
distribution and the geographic location of com-
petitors. To rephrase, firms engaged in novel
product innovation appear to perceive a less hos-
tile, or more certain, competitive environment.
This is not to suggest that firms in hostile envi-
ronments will never be strategically oriented
towards innovation – or those in benign environ-
ments adopt strategies based on lower costs.
Rather, that ‘the relative pervasiveness of these
strategic orientations will differ among firms in
hostile and benign environments’ (Covin et al.,
1999, p. 184). This distinction may, in turn, be
heightened by relative industry maturity (Stop-
ford and Baden-Fuller, 1994). That is, prior to
the establishment of dominant design consider-
able product variety prevails and firms compete,
not with each other, but ‘against their own prod-
uct inadequacies and market scepticism’ (Utter-
back, 1994, p. 90). Once a dominant design has
been established, the focus shifts from product to
process innovation and to competition on costs.
Unfortunately, the current dataset does not allow
one to disentangle this issue and one merely
notes the association between perceptions of a
relatively benign competitive environment and
innovativeness.9

Finally, the earlier discussion remarked upon
two notable differences between manufacturing
and service firms. Namely, that innovative manu-
facturers perceive a higher degree of supplier
uncertainty than their less innovative peers (a dis-

tinction not found in service firms), and innova-
tive service firms perceive a more hostile human
resource environment (this time, not found in
manufacturing firms). Irrespective of causal infer-
ences (and, again, the findings lend themselves to
both cause and effect interpretations), these dis-
similarities may comfortably be rationalised by
the divergent nature of supplier relationships and
the extent to which individuals’ skills are embod-
ied, directly, in products or in service delivery.
Nonetheless, the fundamental influence of sectoral
issues and the danger of treating the business
sector as some homogeneous mass are clear.

At various points in the paper, reference has
been made to a number of weaknesses and omis-
sions in study design and analysis. In closing, it
may be useful to highlight a further three, which
may give cause for concern: first, the develop-
ment of innovation related dichotomies (or, in
this case, a trichotomy) based upon successful
new product introduction might be less appropri-
ate. Our concern here is with the effect of percep-
tions of the environment upon decisions, not
outcomes. Yet, the strategy followed in this
paper, measures outcomes and infers decisions. It
may be more appropriate to consider an innova-
tion classification along the lines of: ‘tried and
succeeded’, ‘tried and failed’ and ‘not tried’. The
effect of this weakness may be to understate
observed differentials between innovators and
genuine non-innovators. Second, the data
reported here were not collected for a narrow, ad
hoc purpose. Accordingly, there may be concerns
over the distance of the individual proxies from
the ‘real’ variables. However, by providing detail
on variable construction (Appendix A), one
would hope that the interpretation is transparent.
Moreover, I am confident that the broad picture
painted is reliable. Finally, the analysis would
undoubtedly benefit from cross-validation. One
might expect to obtain relatively high classifica-
tion success, if one uses the same cases from
which the classification functions were computed
(i.e. the ‘learning sample’). In order to get an
idea of how well the current classification func-
tions ‘perform’, one should classify (a priori) dif-
ferent cases, that is, cases that were not used to
estimate the classification functions (i.e. a ‘cross-
validation sample’). The planned resurveying (see
note 4) should facilitate this.
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Notes

1 Alternatively, one may argue that, in neoclassical the-
ory, uncertainties are present but are considered as unpre-
dictable, incidental and temporary noise. However, since
they are something which cannot be controlled, they can-
not be of significance to decision making. I am grateful to
a reviewer for raising this point.
2 This implied unidirectional, causal step is a little mis-
leading. Undoubtedly, whilst antecedent uncertainty
provides the basis for entrepreneurial/innovative opportu-
nity, subsequent entrepreneurial action, or innovation, is
liable to create, at least temporarily, other forms of uncer-
tainty in the markets in which entrepreneurs/innovators
operate (which creates further opportunity, and so on).
3 For the present purposes ‘Northern Britain’ encom-
passes Scotland and the Northern English counties of
Northumberland, County Durham, Tyne and Wear, Tees-
side and Cumbria.
4 Sectors not covered by the original project (such as
construction, retail and tourism) will be addressed in a
subsequent survey employing a shortened and tailored
version of the original questionnaire. Thereafter, the
intention is to resurvey biennially.
5 In addition to the observations resulting from the dis-
criminant analysis, multinomial logistic analysis suggested
the following: (1) ‘novel’ manufacturing innovators were
significantly more likely to perceive of a dynamic eco-
nomic environment (than ‘incremental’ innovators than,
in turn, non-innovators); (2) ‘incremental’ manufacturing
innovators were significantly more likely to perceive of a
hostile economic environment (than ‘novel’ innovators);
(3) ‘novel’ service innovators were significantly more
likely to report a higher proportion of larger competitors.
6 The questions used to construct the variables are
detailed in Appendix A.
7 Although this is not to imply that service firms merely
play a passive role [as users] in the process of technological
development. Simply, that to lump service firms and man-
ufacturing firms together, for the purposes of analysis, is
to ignore the various dynamics in play.
8 The functions for manufacturing and services firms,
respectively, predict 49.5% and 49.4% of cases correctly
(a 16% improvement on chance).
9 Again, there are two competing causal interpretations:
one the on hand, lower levels of competition provide
‘space’ for experimentation, whilst, on the other hand, one
may argue that firms introducing products ‘new to the
industry’ (i.e. novel, in the current context) are less liable

to identify competitors for these products. Again, how-
ever, we may merely note the presence of an association.

Appendix A

The following details the questions used in the con-

struction of the uncertainty variables.

Dynamic economy

Firms were asked to rank the following, on a five-
point Likert scale, ranging from ‘Greatly Decreased’ to
‘Greatly Increased’:

– Government regulation/legislation affecting
our business, have. . .

– The amount of information that the firm must
be familiar with, has. . .

Hostile Economy

Firms were asked about the extent to which the fol-
lowing factors were important reasons for introducing
new or improved products and/or processes (again on

a five-point Likert scale, ranging from ‘Not Important’
to ‘Crucial’)

– To comply with legislation/regulation.
– As a result of standardisation (e.g. BS, ISO).

Uncertain Supply

Firms were asked about the extent to which:

– The composition of the group of key suppliers
had changed in the last 3 years (on a three-
point scale, ranging from ‘Not Changed’ to
‘Greatly Changed’).

– They consider searching for new suppliers
(again, a three-point scale, ranging from
‘Never’ to ‘Frequently’).

Uncertain Markets

Firms were asked about the extent to which:

– The composition of the customer base had
changed in the last 3 years (on a three-point
scale, ranging from ‘Not Changed’ to ‘Greatly
Changed’).

– Firms were asked about the frequency at
which they make predictions about market
developments (again, a three-point scale, rang-
ing from ‘Never’ to ‘Frequently’).
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Technical Index

Firms were asked about the extent to which the fol-
lowing processes were automated (both ‘3 years ago’
and at the time of responding):

– Inventory/Stock control; Customer account
management; Order processing; Organisation-
al accounts; Personnel records management;
Payroll; Product design; Project management;
Supply Chain Management (EDE)

Skill Index

The firms were asked about the extent to which the

following factors hindered their innovation activities,
during the period covered by the study (on a five-point
scale, ranging from ‘Not Important’ to ‘Crucial’):

– Access to technological skills.
– Access to marketing skills.
– Access to management skills.
– Access to financial skills.
– Access to appropriate information/advice.

Finance Index

The firms were asked about the extent to which the
following factors hindered their innovation activities,

during the period covered by the study (on a five-point
scale, ranging from ‘Not Important’ to ‘Crucial’):

– Access to debt finance.
– Access to equity finance.
– Access to grants.

Additional variables were constructed on the basis of
direct questions.
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