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abstract: Based on empirical results, this article reopens the discussion about the relationship 
between intellectual property and innovation in developing countries. intellectual property grants 
a monopoly over the commercial exploitation of innovations. ex ante, this monopoly may promote 
innovation but ex post it may become a disincentive to diffusion and subsequent innovation. after 
reviewing the terms of the debate in the classical and current literature, we address two empirical 
issues: What patterns of intellectual property behavior coexist among the small and medium enter-
prises (smes) of a developing country (Colombia) and how these patterns relate to the innovation 
performance of these firms.
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introduction 

How do small and medium enterprises (smes) in a developing country inno-
vate, and what is the role of intellectual property in the innovative behavior 
of these firms? this article addresses these two central questions, reporting 
the results of empirical research on patterns of intellectual property behav-
ior and innovation effort and their impact on the innovative performance 
of Colombian smes.

the relationship between intellectual property rights (iPR) and innovative 
behavior has been a major focus of interest in innovation studies. some re-
searchers claim that iPR-enhancing policies promote innovation, while oth-
ers reach the opposite conclusion. most of the literature on the subject 
refers to industrialized countries, though a series of studies in the past two 
decades have addressed the policy dilemma faced by developing countries, 
both theoretically and in empirical analyses of specific sectors. 

structural and institutional contexts of innovation are different in indus-
trialized and developing countries. Credit and human-capital restrictions, 
higher costs of innovating, lower enforcement of iPR, and the ensuing limit-
ed ability to appropriate innovations in developing economies are oft-cited 
characteristics that affect innovation processes. indeed, the frequency of 
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patrones de innoVación y propiedad intelectUal en 
peQUeñas y medianas empresas de Un país en desarrollo

resUmen: Con fundamento en resultados empíricos, este artículo reabre 
la discusión acerca de la relación entre propiedad intelectual e innova-
ción en países en desarrollo. la propiedad intelectual otorga un monopolio 
para la explotación comercial de una innovación. la expectativa de gozar 
de un monopolio puede promover la innovación; sin embargo, una vez es-
tablecido el monopolio, éste puede desincentivar la difusión de la idea 
y el desarrollo de innovaciones derivadas de ella. después de revisar los 
términos del debate en las literaturas clásica y actual, enfocamos nuestra 
atención en dos cuestiones empíricas: (1) qué patrones de comportamiento 
frente a la propiedad intelectual coexisten entre las pequeñas y medianas 
empresas de un país en desarrollo como Colombia y (2) cómo se relacionan 
estos patrones con el desempeño innovador de las firmas.

palabras claVe: patrones de innovación, propiedad intelectual, Pymes, 
desarrollo.

modèles d’innoVation et propriÉtÉ intellectUelle 
dans les petites et moyennes entreprises d’Un pays en 
dÉVeloppement 

rÉsUmÉ : sur base de résultats empiriques, cet article ouvre à nouveau la 
discussion sur la relation entre propriété intellectuelle et innovation dans 
les pays en développement. la propriété intellectuelle accorde le mono-
pole pour l’exploitation commerciale d’une innovation. le désir de déten-
tion d’un monopole peut promouvoir l’innovation; cependant, le monopole 
établi peut arriver à dissuader la diffusion de l’idée et le développement 
d’innovations dérivées de celle-ci.

après avoir revu les termes du débat dans les publications classiques et 
actuelles, nous nous concentrons sur deux questions empiriques : (1) Quels 
sont les modèles de comportement en rapport avec la propriété intellec-
tuelle qui coexistent dans les petites et moyennes entreprises d’un pays 
en développement comme la Colombie. (2) Quels sont les rapports de ces 
modèles avec le développement innovateur des entreprises.
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padrões de inoVação e propriedade intelectUal em 
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major innovations and of patenting among smes in devel-
oping countries is so low that conventional measures, such 
as patent statistics, fail to differentiate among substan-
tially different innovation behaviors in smes. nonetheless, 
patent ownership may play an important role as a determi-
nant of the firm’s innovative behavior.

We intend to clarify these relationships by presenting the 
results of empirical research on smes in Colombia. in the 
next section, we review the main contributions to the de-
bate on patent monopoly and competition, and relate it 
to patent ownership. We then present the methodology of 
our survey and identify distinct innovation patterns, where 
patent ownership is a key variable. Finally, we summarize 
our findings about the relationship between the patterns 
of intellectual property behavior of smes and innovation 
performance.

patent monopoly and competition 

the effect of patents on innovation has been the subject 
of a long debate in industrialized countries. Patents grant 
a monopoly over the commercial exploitation of innova-
tions, which may promote innovation ex ante but can be-
come a disincentive ex post to diffusion and, under certain 
conditions, to subsequent innovations. an analysis of the 
relationship between monopoly and innovation in general 
is a good starting point for understanding how intellectual 
property is related to innovation. 

in 1942, schumpeter studied a regime where a firm’s in-
novation creates a competitive advantage that leads to 
develop the next innovation to maintain its monopoly. in 
previous work from 1912, he had analyzed a regime where 
a “step-by-step” process occurs: entrants move up to the 
innovator’s level and then face the same chances, and per-
haps sharper incentives than the original firm, to innovate 
further1.

arrow (1962, p. 70) explored an effect that lowers the in-
centives of a monopolist to innovate. since the new prod-
uct competes with the firm’s old product, “the incentive to 
invent is less under monopolistic than under competitive 
conditions, but even in the latter case it will be less than is 
socially desirable”2. 

Within this general framework, nordhaus (1969, pp. 88-
89) set the problem of designing an optimal intellectual 

1 see schumpeter (1942) and schumpeter (1912). 
2 this effect, later called “replacement effect” by tirole (1988, p. 

392), is related to arrow’s definition of a monopoly which does not 
include the case of innovations competing with old products of the 
same firm (1962, p. 619).

property policy as a trade-off between the ex ante incen-
tives for innovation associated with stronger iPR and the 
ex post incentives for the innovation’s diffusion, associated 
with weaker iPR. For nordhaus, “the patent system may 
give a level of research that is close to the optimum, but–as 
shown–only at the expense of higher prices, lower output, 
and the inefficiencies usually associated with monopoly”. 

in 1981, mansfield et al. concluded that patent protection 
did not seem essential for the development and introduc-
tion of innovations. in 1986, mansfield argued that the 
patent system–often viewed as having a global positive 
effect on innovation–has a small impact on the number of 
inventions in most industries. levin et al. (1987) interpret-
ed the results of the yale survey, inferring that other means 
of appropriation were more important than the patent sys-
tem in many industries.

For Bessen and maskin (2000), “imitation invariably inhib-
its innovation in a static world; in a dynamic world, imita-
tors can provide benefit to both the original innovator and 
to society as a whole” (2000, p. 21). 

the relationship between intellectual property, concentra-
tion and innovation has also been analyzed from an evo-
lutionary perspective. metcalfe and Ramlogan (2005, p. 
215) conclude that “the most plausible competition policy 
is a pro-innovation policy in which markets are open to 
entry and enforce exit and in which abnormal profits and 
losses are the norm”.

one of the neo-schumpeterian strands of literature on the 
relationship between competition and innovation has ob-
tained important results. aghion et al. (1997) developed 
a model with step-by-step innovation, demonstrating that 
more intense product market competition and imitation 
promote growth and innovation.

aghion and Griffith (2005) show a strong inverted-U rela-
tionship between innovation, as measured by the citation-
weighted patent count, and product market competition. 
these predictions have important policy implications for 
the design of competition policy. nonetheless, these re-
sults are obtained with indicators not easily available in 
developing countries. in the case of india, aghion and 
Griffith (2005) refer to the empirical work of aghion et al. 
(2005), which shows differences in the growth-enhancing 
effects of market liberalization in different zones. 

From a different theoretical perspective, Heller and eisen-
berg (1998) draw on Harding’s “tragedy of the commons”, 
to argue that intellectual property may slow down innova-
tion. For these authors, “a resource (in this case, knowledge) 
is prone to underuse in a ‘tragedy of the anticommons’ 
when multiple owners each have a right to exclude others 
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from a scarce resource and no one has an effective privi-
lege of use”.

several other studies have accompanied policy decisions 
on intellectual property, transfer of technology and innova-
tion in developing countries in the past two decades. 

in the 1990s, the debate evolved most interestingly toward 
considering the impact of stronger intellectual property 
rights in the context of north-south trade. Helpman (1993, 
pp. 1274-75) based his analysis on a two-region model by 
Krugman (1979): the north, where firms only innovate; 

and the south, where firms only imitate. Helpman’s con-
clusion was that, with tighter iPR, “if anyone benefits, it is 
not the south… in the absence of foreign direct investment 
tighter iPRs move the terms of trade against the south 
and bring about a reallocation of manufacturing towards 
higher priced northern products, which harms the south”. 
in the presence of foreign direct investment, the south also 
loses while the effects on the north are not clear. 

yang and maskus (2001, p. 171) responded to Helpman by 
arguing that, when licensing is accounted for, the north 
increases its innovation rates and the rate of licensing 
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increases in the south. nonetheless, both Helpman and 
yang and maskus rule out innovation in the south, eluding 
the discussion of the impact of iPRs on innovation dynam-
ics in the south.

summarizing one policy stance on this debate, Correa 
(2007) examines the role of iPRs in learning and knowl-
edge accumulation in least developed countries (ldCs). He 
notes that the type and content of technology transfers 
improve with capabilities of domestic firms, but most ldCs 
are in an initiation phase. He claims that “the lack of iPR 
protection may be essential to allow learning through imi-
tation at the initial levels of technological development [...] 
more generally, competition (as opposed to the monopoli-
zation entailed in some cases by iPRs) can be a powerful 
incentive to introduce product, process or organizational 
innovations” (Correa, 2007, p. 7). this statement should 
be qualified for certain sectors and countries. For instance, 
dutta and sharma (2008) found that indian firms in more 
innovation-intense industries increased their R&d spend-
ing after the implementation of the tRiPs agreement, while 
aboites and Cimoli (2001) obtained opposite evidence in 
their analysis of the pharmaceutical sector in mexico. 

Foray (2007, p. 13) observes that “the patent system ex-
cludes a certain type of competition which is the com-
petition by copying (usually defined as a competition on 
prices) while not excluding another type of competition 
which is a competition by substitution (or innovation)”. For-
ay observes that this relationship between imitation and 
research, development and design efforts should be taken 
into account for a proper design of innovation policies.

although a vast amount of theoretical work illustrates the 
links between iPRs, innovation and technology transfer, 
how “it translates to strengthening innovation at the firm-
level behaviour and to what extent this relationship holds 
true in the case of least developed countries remains unan-
swered” (sampath 2007, p. 3). sampath (2007) conducted 
an in-depth investigation of the pharmaceutical, agro-pro-
cessing and textiles and ready-made garments (RmG) sec-
tors in Bangladesh, and concludes that “the presence of 
intellectual property rights in the local context does not 
play a role, either as a direct incentive for innovation or as 
an indirect incentive enabling knowledge spillovers” (sam-
path, 2007, p. 5). a large number of local firms considered 
themselves to be involved in new product or process inno-
vations, “but there was no observable positive impact of 
intellectual property rights on licensing, technology trans-
fer, or technology sourcing through foreign subsidiaries [...] 
the only important sources of innovation at the firm level 
are the firms’ own indigenous innovation efforts, and inno-
vation through imitation/copying” (Sampath, 2007, p. 5).

these contrasting criteria have led some researchers to 
look for the optimal level of intellectual property rights 
protection, when facing a trade-off between encourag-
ing domestic firms’ imitation of foreign technology and 
the promotion of domestic R&d based inventions. Chen 
and Puttitanun (2005) analyze the case of China, and find 
that, depending on the level of economic development, the 
optimal level of protection exhibits a U-shape. lin et al. 
(2010) present findings that complement the work of Chen 
and Puttitanun (2005). these authors present evidence 
that property rights (including intellectual property rights) 
protection promote R&d investments. 

in reference to the context of latin american and Caribbe-
an countries (laC), alcorta and Peres (1998, p. 878) ana-
lyzed various country-specific empirical studies, concluding 
that “by and large, patenting [...] has been negligible” and 
that “the innovative performance of laC’s innovation sys-
tems, with the only exception perhaps of mexico [...], is low 
in absolute terms and has lost relatively to many countries 
that started at similar levels twenty years ago”. these au-
thors relate this result with the issue of the technological 
content of latin american exports, observing that “laC 
exports are relatively less geared [...] [at the end of the 
nineties] to the most technologically advanced products 
than what they were in the mid-1970s”.

an empirical approach to the debate

the national context 

the circumstances in which innovation takes place in 
developing countries and specifically in Colombia de-
termined the definition of variables in our empirical ex-
ploration of the relationship between patenting and 
innovation behavior.

Colombia is an intermediate developing country that is nei-
ther among the newly industrialized nor among the least 
developed countries. according to nelson (1968), Colom-
bia’s total factor productivity was similar to that of Japan 
in the 1960s. today, it is remarkably lower. Ranked 101 
among 232 countries in income per capita worldwide, and 
69 among 177 countries in the Human development index 
for the year 2005 (United nations, 2006), Colombia has 
relatively low technological development and its R&d ex-
penditure as a percentage of national income was 0.37% 
in 2008 (salazar, 2001). our survey focused on smes, 
which account for 67.2% of employment in the country 
(ayyagari et al., 2003) and where the issue of autonomous 
innovation vs. imitation is presumably most poignant.
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in an early study of Colombian industry, nelson (1968, 
p. 1243) pointed out that large Colombian industries op-
erate in an environment similar to that of firms in indus-
trialized countries: “notice how much closer the large 
Colombian firms were to their U.s counterparts in terms 
of value added per worker than were the small Colombian 
firms”. small firms were quite different. according to nel-
son, “this group was composed of the traditional small 
craft firms using significantly less in the way of modern 
equipment, and quite different (and less related to for-
mal education) skills, and creating a far lower added val-
ue per worker” (1968, p. 1239). a decade later, ogliastri 
et al. (1977) analyzed the results of a survey with smes 
and found that low capital accumulation, limited technol-
ogy absorption, and strong financial restrictions were the 
main obstacles to their innovation processes. 

little has changed since. three decades later, malaver 
and vargas (2004) noted that the role of technology 
and innovation in Colombian industry is not strategic 
but functional and that innovation is concentrated in the 
entrepreneur. in an analysis of the innovation survey of 
1996, salazar (1998) found that innovation is a function 
relegated almost exclusively to the firm’s management. 
their attendance at fairs, trade shows and seminars con-
tributes more frequently to innovation than formal R&d 
does.

in the present decade, following the 1994 Gatt-Wto 
agreement on trade related aspects of intellectual prop-
erty rights, and in prior fulfillment of conditions related 
to expectations of bilateral trade agreements, Colombia 
substantially raised the levels of protection and enforce-
ment of intellectual property rights. the Government has 
implemented the tRiPs agreement; in the pharmaceuti-
cal sector, it has adopted the protection of clinical trial 
data for pharmaceuticals, and the attorney General has 
opened a specialized division for the prosecution of iPR 
violations.

the research

a common feature of the literature on intellectual proper-
ty, innovation and the sources of innovation is the recogni-
tion that reality is more complex than theoretical models 
can reflect. to shed light on this issue, we carried out an 
empirical exploration of the relationship between intel-
lectual property, firm characteristics, and innovation. the 
focus here is on the patterns of research effort behavior, 
intellectual property, and innovation performance of smes.

the point of departure of our empirical exploration is 
that firms in developing countries innovate and imitate. 

Consequently, we hypothesize that, when firms in devel-
oping countries innovate, they face a choice that is defi-
nitely more complex than either innovating or imitating 
foreign products and technology. actually, it is observed 
that firms, both in industrialized and developing countries, 
combine innovation and imitation.

to recognize the diversity of innovation behaviors among 
Colombian smes, and to study the differential role of pat-
ent ownership and imitation in their innovation strate-
gies, we look for clusters of innovation patterns, defined 
in terms of patent ownership, imitation and expenditure in 
research, design and development (Rd&d).

For this study of innovation and intellectual property in 
Colombian smes, a relatively large group of 27 variables 
related to innovation, imitation, and intellectual property 
ownership was initially surveyed and analyzed. seven are 
related to iP issues: patent ownership; imitation and ad-
aptation of foreign models or designs; imitation and ad-
aptation of models or designs found in national markets; 
reverse engineering; ideas of middle management and 
workers; the presence of foreign technical assistance; con-
sulting. three other variables were also included: the ratio 
of research, development and design expenditures to sales 
of the firm ((Rd&d); the educational level of the manager, 
and the use of knowledge derived from customer satisfac-
tion studies. 

Rather than aiming at the detection of a unique underlying 
pattern of innovation and intellectual property behavior, 
we searched for the coexistence of diverse patterns in the 
same economic space. this explains our choice of cluster 
analysis and the subsequent analysis of variance between 
clusters.

after a preliminary exploration of possible patterns, the 
analysis led us to select three of these variables, related 
to iP and innovation: patent ownership, imitation of for-
eign models and designs, and the magnitude of the effort 
in research, development and design (Rd&d). these three 
variables are related to concepts that have been the object 
of a substantial amount of theoretical literature and seem 
appropriate for the analysis of the various forms of innova-
tion in smes of a developing country.

the strategic choice made by an sme over these three di-
mensions describes what is hereby defined as a pattern of 
innovation and intellectual property behavior. smes in the 
sample were grouped in clusters, according to their com-
bination of these three variables. Patent ownership was 
measured as a dummy variable indicating whether the 
sme declared to possess one or more patents. 7.72% of 
the smes in the sample declared to own patents (19 smes). 
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imitation of foreign models and designs was measured 
with a multinomial scale that signaled the level of impor-
tance for the firm of the imitation of foreign products as 
one of the three main sources of innovation. 28.9% of 
the sample (71 firms of a total of 213 valid answers) rec-
ognized the imitation of foreign products as a source of 
innovation. the magnitude of the effort in research, devel-
opment, and design (Rd&d) was measured as the percent 
of research, development and design expenditures in pro-
portion to the total sales of the firm.

each of the patterns was then related to the innovation 
performance and organizational and structural variables 
of the smes studied. innovation performance was mea-
sured in terms of new products or designs. this choice 
deserves some discussion. Geroski (1994) suggested mea-
suring the output of innovation processes as the sum of 
major and minor innovations that directly impact on mar-
kets, instead of measuring it through R&d expenditure or 
patents granted, and innovative activity has indeed been 
measured as the percentage of sales that can be attrib-
uted to products newly developed in the preceding five 
years. this implies that both the number of new products 
and their success in the market are taken into consider-
ation (Kraft, 1989).

innovativeness is a multi-dimensional concept, but since 
product innovations are usually more frequent than pro-
cess innovations in small firms (Utterback and abernathy, 
1975), a measure including only the firm’s product innova-
tions is preferred (Hadjimanolis, 2000).

to cope with the imperfection of any of these indicators, 
we adopted several measures of product innovation. dif-
ferent definitions of “new products” were reviewed, in-
cluding those in the oslo manual (oeCd and eurostat, 
2005) and the Bogota manual, as analyzed in durán et al. 
(2000). in these studies, product innovation consists of the 
acquisition, assimilation, or imitation of new technologies 
to improve existing products or to fabricate new ones. in 
contrast with the oslo manual, we included product design 
innovations since these comprise most of the innovation 
activities of smes in developing countries.

Referring to an industrialized country, landry and ama-
ra (2002) object measuring innovation through new prod-
ucts, since this measure does not discriminate accurately 
between highly innovative manufacturing firms and those 
of only average innovativeness. However, we observed no 
radical innovators in our study and so adopted new prod-
uct counts or a standardized transformation of this vari-
able as an acceptable output measure.

clustering variables 

ownership of patents 

many studies have used R&d expenditures or patent sta-
tistics as proxies for innovative activity, but as Cohen and 
levin (1989, p. 1063) note, “there are significant problems 
with patent counts as a measure of innovation”. 

as Geroski (1994, p. 7) observes, “patents signal that there 
is appropriable innovative knowledge,” but since patenting 
activity in Colombia is so uncommon, rather than consider-
ing patents as a measure of the output of innovation pro-
cesses, in this research we used the ownership of patents 
(whether developed in-house or not) as a determinant of 
innovative behavior and a clustering variable. in the empir-
ical analysis that follows, patent ownership was measured 
as a binary variable: the firm owns one or more patents 
or not.

imitation of foreign models 

imitation has an aspect of knowledge diffusion that has 
long been ignored (mukoyama, 2003). though widespread 
in industrialized countries, imitation is vital in the analysis 
of developing countries (alcorta and Peres, 1998; Help-
man, 1993; Juma and Clark, 2002; Foray 2007; Correa 
2007). Helpman (1993) argued that imitation is a major 
effort in less developed countries involving the develop-
ment of absorptive capacity for advanced technology and 
particular efforts to assimilate and adopt foreign technolo-
gies. analyzing the case of China, siu et al. (2006, p. 329) 
reported that smes use two sources to generate new prod-
ucts: attribute listing and copying. “the ‘new products’ 
are products with modified product attributes only, rather 
than ‘state-of-the-art’ new products”. Pack and Westphal 
(1986, p. 105) consider that in imitation “effort is required 
in using technological information and accumulating tech-
nological knowledge to evaluate and choose technology; 
to acquire and operate processes and manufacture prod-
ucts; to manage changes in products, processes, proce-
dures, and organizational arrangements; and to create 
new technology”.

imitation often relates to the concept of “catch-up”. the 
literature views catch-up as a complex function going be-
yond the path of development followed earlier by industri-
alized countries. in this context, imitation is a critical stage 
in the process of learning to industrialize (Juma and Clark, 
2002). import substitution policies applied in latin amer-
ica in the 1950s and 1960s viewed imitation and adap-
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tation as an important strategy for industrialization and 
catch-up. the rate at which a follower is able to under-
take technological imitation is crucial in catch-up models. 
the rate of imitation is greatly influenced by existing tech-
nological capabilities, policies, and institutional arrange-
ments. different authors see catch-up through imitation as 
requiring conscious and policy-guided efforts on the part 
of governments (Helpman, 1993; Juma and Clark, 2002). 

For these reasons, the imitation of foreign products was 
chosen as a key clustering variable. to obtain values for 
the variable “imitation of foreign models,” we asked the 
firms surveyed to rank the three main sources of innova-
tion, chosen from a menu of eight options. 28.9% of the 
firms included imitation and adaptation of foreign models 
in the ranking. in a multinomial scale from 0 to 3, where 0 
means that the firm did not consider imitation of foreign 
models as one of the three most important sources and 3 
means that the firm considers imitation the most impor-
tant source of innovation, the average score was 0.54, with 
a standard deviation of 0.932.

the magnitude of rd&d effort 

the expenditure in research and development (R&d) is 
one of the easiest to identify inputs of innovation (Freel, 
2005), and an acceptable indicator of innovation effort. 
innovation theory positively links innovativeness with the 
expenditure on R&d (tidd et al., 2005; acs and audretsch, 
2005). nonetheless, many small firms simply have no for-
mal R&d operation, and efforts devoted to technological 
innovation are typically an unmeasured fraction of the 
time worked by the firm’s engineers and managers (Freel, 
2005; Cohen and levin, 1989; Hadjimanolis, 2000). in 
many cases, the formal concept of R&d does not exist at 
all in many smes (adeboye, 1997). 

in consequence, we adopted a broader definition of R&d, 
taking into account adaptation efforts, design (an activ-
ity that may be very substantial in these firms), and de-
velopment activities. Following Rosenberg (1994, p. 126), 
we understood “development” (in R&d) as “a range of ac-
tivities whose content differs widely from one industry to 
another. it generally includes designing of new products, 
testing and evaluating their performance (which in some 
industries may involve the building and testing of proto-
types, or experimentation with pilot plants), and invent-
ing and designing new and appropriate manufacturing 
processes”. mahemba and de Bruijn (2003, pp. 167-168) 
argue that because of the low technological level of de-
veloping countries, the objectives of R&d in smes are 
“focused on alteration and adoption of discoveries made 

elsewhere”. imitation generally requires an effort of adap-
tation and may be quite costly, as certain authors have 
stressed (Weiner, 1969; mansfield et al., 1981; mansfield, 
1984; Helpman, 1993; Juma and Clark, 2002). the inclu-
sion of imitation costs in R&d expenditures of smes in de-
veloping countries is also supported by Rubenstein (1980). 

Roper (1999) affirms that there is considerable evidence 
of systematic under-reporting of R&d in small firms. 
moreover, small firms “tend to undertake a significant 
amount of innovative activities in their design, produc-
tion and sales departments rather than in their R&d de-
partments (which often do not exist at all). the problem 
with the R&d figures provided by official surveys is that 
they do not include these informal R&d activities” (san-
tarelli and sterlacchini, 1990 p. 223). Rosenberg (1994, 
p. 126) expresses it similarly, “[...] R&d is, in fact, over-
whelmingly d. yet, we know more about the 12 percent of 
R&d that constitutes basic research than about the 68% 
that constitutes development. While this may be under-
standable on the part of natural scientists, it is less so on 
the part of economists”. 

macpherson (1997) takes into account internal and exter-
nal research, development and design (Rd&d). to empha-
size the inclusion of design and other innovation-oriented 
expenses of smes, we adopted his denomination “Rd&d”. 
macpherson found that “successful product innovation 
can flow from a variety of strategies, one of which involves 
almost zero spending on Rd&d inputs –either internal or 
external. on balance, however, the probability of success-
ful innovation is higher among smes that augment their 
in-house skills with outside assistance” (1997, p. 300). in 
terms of the oslo and Frascati manuals (oeCd and euro-
stat 2005, p. 36) this encompassing definition of Rd&d 
covers both “R&d” and “other innovative activity”. it in-
cludes permanent research, development and design ex-
penditure and occasional investment in these activities. in 
their study of innovation in argentinean industry, Chud-
novsky et al. (2006, p. 283) find that “firms consider R&d 
activities as part of their routines and a valuable asset to 
be preserved even in bad times”.

Following mansfield et al. (1981), we asked firms in our 
study to incorporate in R&d “all costs of developing and in-
troducing the imitated product, including applied research, 
product specification, pilot plan or prototype construction, 
investment in plant and equipment, and manufacturing 
and marketing start up”. Rd&d was operationalized as a 
metric variable between zero and 1 representing the per-
centage of all Rd&d expenses over total sales at the time 
of the survey.
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the empirical analysis 

the three variables just presented (ownership of patents, 
imitation of foreign models, and Rd&d as a fraction of 
total sales) were used to obtain clusters exhibiting more 
homogeneous patterns of combination. the predictive 
power of this clustering compared to the value of other 
variables related to the innovation process and the role of 
intellectual property was then analyzed. this allowed in-
terpretations of how innovation is determined in smes of 
a developing country, and what is the role of imitation and 
patent ownership in this process. the environment of these 
innovation efforts was then analyzed and some policy im-
plications were extracted.

statistical framework 

since a general listing of smes does not exist in Colom-
bia, we aggregated information from different databases, 
compiled by governmental and non-governmental organi-
zations: Proexport, acopi-antioquia and the Chambers of 
Commerce in the cities of Cali and Bucaramanga.

eight manufacturing and one service isiC sectors were in-
cluded in the study. the criteria for their selection were 
the percentage contribution of smes to total production 
and their total exports (see table 1). these shares indicate 
the extent of competition in local and foreign markets. 
in agreement with Williamson’s suggestion (1965), we 
thought that the relationship between intellectual prop-
erty and competition should be studied in sectors with a 
significant share of smes in total production; also, we con-
centrated on tradable-good sectors, in order to place the 
issue of intellectual property in an international context.

the eight manufacturing sectors chosen were: tanning 
and dressing of leather and manufacture of leather prod-
ucts, rubber and plastic products, apparel, food products 

and beverages, metal products and machinery3, publish-
ing, printing and reproduction of recorded media, wood 
and products of wood and cork, chemicals and chemical 
products. although the shares of smes in production and 
exports were not available for the service sector, this sec-
tor contributes 67.7% to GnP and 11.3 % to total exports 
(Wto, 2005). tradable services were thus included in the 
sample. 

two other restrictions limited the universe of the survey. 
Cities included in the study were the five largest in Co-
lombia (Bogota, medellin, Cali, Barranquilla and Bucara-
manga), where approximately 83% of Colombian smes 
operate. since the failure rate of newly created firms in de-
veloping countries is high (between 50% and 75% in the 
first three years, according to the economic Commission 
for latin america), firms in existence for less than three 
years were excluded, leaving 4,168 smes for potential in-
clusion in the survey. 

sample selection and cluster analysis 

a stratified random procedure was applied to the 4,168 
smes of these eight sectors in the five largest Colombian 
cities (table 1). in each city, an unrestricted random sam-
ple was chosen. a priori sector stratification was applied 
only in Bogota, where 50% of smes in the country are 
located (Rodríguez, 2003). data was collected between 
February and august 2004. Regional offices and univer-
sities were contacted to serve as intermediaries to reach 
the firms outside Bogota. Personal visits, email and direct 
mail were used to collect the information. the researchers 
visited at least one time the cities that participated in the 
study to have access to verify the information collected. 

3 manufacture of metal products and manufacture of machinery 
were integrated in one sector.

table 1. criteria used for sample selection. 

isic code sector
smes production over total 

production*
smes exports over total 

exports**

15 manufacture of food products and beverages 41% 37.4%

18 manufacture of apparel 39% 22.2%

19 tanning and dressing of leather; manufacture of leather products 54% 49.8%

20 manufacture of wood and of products of wood and cork 48% 100.0%

22 Publishing, printing, and reproduction of recorded media 47% 32.8%

25 manufacture of rubber and plastics products 48% 25.1%

28 manufacture of fabricated metal products, except machinery 70% 49.3%

29 manufacture of machinery and equipment 49% 49.3%

24 manufacture of chemicals and chemical products 46% 27.2%

* source: authors calculations with figures taken from  departamento nacional de Planeación, dnP (2003).

** source: authors calculations with figures taken from departamento nacional de Planeación, dnP (2003).

source: authors.
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the response rate was 32.67%. there were 246 usable re-
sponses, with a margin of error of 6.04%. 

Cluster analysis was applied to identify patterns of com-
bined sources of innovation. to determine whether there 
are different innovation patterns among Colombian small 
firms, we applied two-step cluster analysis, which is par-
ticularly effective for differentiation when both scale vari-
ables and continuous clustering variables are combined4 
(sPss, 2005). as expressed by de Jong and marsili (2006, 
pp. 225-226), “empirical taxonomies have proven to be 
a useful tool for understanding the diversity of innova-
tive behavior that can be observed across firms”. actually, 
many categories may appear in the analysis. as these au-
thors conclude, “the innovation patterns in small firms are 
more diverse than generally believed, more diverse than 
was suggested in Pavitt’s taxonomy, in which they are rep-
resented mainly by two categories”.

results 

description of the sample 

the sample reflected a geographical distribution similar to 
the universe pool: 58% of smes were located in Bogota, 
and the remaining 42% were located in the next four larg-
est cities (medellin 16%, Cali 13%, Barranquilla 7%, and 
Bucaramanga 6%). the average year the smes in the sam-
ple began operation is 1989; thus the average age of firms 
is 15 years at the time of the survey. in 2003, the average 
number of employees was 60, with a standard deviation 
(s.d.) of 166. average sales were 1.07 million dollars (s.d. 
2,90 million dollars) and average assets were 0.62 million 
dollars (s.d. 2.61 million dollars)5. the sector distribution of 
firms in the sample is presented in table 2.

nineteen companies in the sample (7.7%) own one or more 
patents. the average expenditure in Rd&d as a percent-
age of total sales is 5.45%, with a standard deviation of 
7.8%. this is not too far away from the 4 to 5% average 
reported by durán et al. (1998) following the 1996 Colom-
bian national survey of science and technology. 

4 to determine the number of clusters automatically, two-step cluster 
analysis works with the hierarchical clustering method. the first 
step calculates Bayesian (schwartz) information criteria–BiC–for 
each number of clusters within a specified range and uses it to 
find the initial estimate for the number of clusters. the second 
step refines the initial estimate by finding the greatest change 
in distance between the two closest clusters in each hierarchical 
clustering stage.

5 The exchange rate was 2 807.97 COP/USD, the average reported 
by the Colombian Central Bank for 2003.

description of the clusters 

akaike’s information criterion for conglomeration was used 
to determine the number of clusters. the two-step cluster 
analysis produces a sequence of partitions in one run. Par-
titions of up to 15 clusters were considered and the crite-
rion was applied. the highest ratio of the measures of the 
distances was obtained for four clusters. table 3 shows the 
distinct characteristics of the firms belonging to each of 
the four clusters, the distribution of the smes in the four 
clusters, the average values and variance analysis for each 
grouping variable. Clusters are statistically distinct in each 
of the clustering variables. 

these clusters were then compared in terms of their inno-
vation performance, measured by the number of new prod-
ucts and designs in 2003. observation of the clusters and 
patterns of combination of the three innovation sources 
considered shows clearly distinct patterns of innovation. 
We labeled these four patterns of innovations (a) deter-
mined by patent ownership, (b) imitation and adaptation-
based, (c) Rd&d-based, and (d) classical innovation.

of 246 firms, 19 firms belong to the first cluster. they own 
one or more patents and form a pattern determined by 
patent ownership. their average expenditure in Rd&d is 
10%, while imitation of foreign models has an average of 
0.26 (s.d. 0.65) in a multinomial scale from 0 to 3, where 
3 represents the most important source of innovation for 
the firm. Firms in this cluster have the lowest innovation 
performance: the number of new products or designs in 
2003 is 3.47.

66 firms form the imitation and adaptation-based pattern. 
they hold no patents. their average expenditure in Rd&d 
is 4% (s.d. 6%). the average score in imitation of foreign 

table 2. sample description.

sectors n %

manufacture of food products and beverages 23 9.3

manufacture of apparel 42 17.1

manufacture of metal products and machinery 
and equipment

40 16.3

manufacture of rubber and plastics products 18 7.3

tanning and dressing of leather; manufacture 
of leather products

15 6.1

manufacture of wood and of products of wood 
and cork

13 5.3

services 59 24.0

manufacture of chemicals and chemical 
products

24 9.8

Publishing, printing and reproduction of 
recorded media

12 4.9

total 246 100.0

source: authors.
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models was 1.91 (s.d. 0.70). they have the second highest 
innovation rate, 10.3 new products in 2003 and 3.29 new 
design or product lines.

43 firms form the RD&D pattern of innovation. they own 
no patents, and their average expenditure in Rd&d is 15% 
(the highest among the four clusters). imitation of foreign 
models has an average of 0.07 (s.d 0.34), the second low-
est score in the four clusters. they have the highest rate of 
new products or designs in 2003 (an average of 24.28 new 
products or designs in 2003). 

of 246 firms, 118 belong to what we call the classical pat-
tern6 cluster. none of them owns patents. their average 
expenditure in Rd&d as a percentage of total sales is 2% 
(s. d. 2%). they do not report imitation or adaptation of 
foreign models. on the average, they bring 7.23 new prod-
ucts or designs to the market in 2003.

several observations can be made concerning this classifi-
cation. First, smes with the best innovation performance 
do not own patents; they spend a larger share of their in-
come on Rd&d, and display a low score of imitation of 
foreign models. this validates a common assumption in 
innovation studies that “R&d has the highest correlation 
with product innovation, suggesting that the main objec-
tive of R&d is to develop products” (tang, 2006, p. 72). 
the results also confirm a hypothesis put forward by Wein-
er (1969), mansfield et al. (1981), and others that imitation 
and adaptation require substantial Rd&d efforts. smes in 
the imitation and adaptation-based cluster spend an aver-
age of 4% on Rd&d. though only 66 firms belong to this 
cluster, when imitation and adaptation of both national 
and foreign products and designs are observed, we find 
that 42.7 % of the firms in the sample of 246 engage in 
imitation and adaptation practices. 

as expected, 100% of smes in this cluster imitate and 
adapt foreign or national products and designs. Paradox-
ically, the cluster of patent owners ranks second in per-
centage of firms engaging in imitation and adaptation of 
foreign or national products and designs (31.6%).

The positive relationship between imitation/adaptation 
and innovation performance is consistent with the com-
petitive environment where these firms operate. Helpman 
(1993, p. 1275) states that “imitation is an economic ac-
tivity much the same as innovation” teubal (1996, p.449) 
argued that “successful penetration of research and de-
velopment (R&d) in a newly industrialized country (niC) 

6 this model was called classical because the main source of 
innovation reported is the education and ideas of the entrepreneur 
or manager, as in the classical schumpeterian theory. the 
quantitative result is presented in the following section.

context is a process involving extensive learning, including 
collective learning (‘learning by others’); multidisciplinary 
learning (both techno-economic and managerial/organi-
zational); and learning which is cumulative through time. 
this is especially so at an early (‘infant’) phase of diffusion 
of this process through the economy”. 

our empirical findings are consistent with one of Help-
man’s conclusions (1993, p. 1276) that “in less developed 
countries imitation is a major effort that involves the devel-
opment of absorptive capacity for advanced technologies 
on the one hand and particular efforts to assimilate and 
adopt foreign technologies on the other”. 

Firms owning patents have the lowest innovation perfor-
mance. even though their expenditures in Rd&d are rela-
tively high, the number of new products they take to the 
market is, on average, the lowest. this may be interpreted 
either as reflecting qualitative differences in these firms’ 
new products or as a confirmation of the hypothesis, re-
viewed in the section Patent monopoly and competition, 
that the monopoly granted by a patent induces less inno-
vative behavior. this may occur through arrow’s replace-
ment effect, which states that an incumbent monopolist 
has weaker incentives than entrants do to innovate, be-
cause the new product must compete with the firm’s old 
product (aghion et al., 2001). this dilemma is dealt with in 
the following section.

refined measures of innovation output  

Bessen and maskin (2000), Cohen and levin (1989), and 
tang (2006) argue that the output of innovation differs by 
sector, and a statistically significant relationship between 
sector and the number of new products developed is in 
fact observed. accordingly, the z-score method was used to 
standardize the measure of innovation output: the mean 
of each sector was subtracted from the number of new 
products of each firm and the difference obtained was di-
vided by the standard deviation of each sector. the main 
results do not change after this normalization. the Rd&d-
based cluster still has the highest measure of standardized 
new products (0.639). the cluster determined by patent 
ownership still had the lowest value (-0.223); see table 3.

a third measure of innovation output is the average num-
ber of product lines that smes in each cluster report. a 
product line is a group of closely related products or servic-
es, usually sharing the same production techniques. signif-
icant differences among the four clusters and comparable 
results were found in terms of this output indicator (p= 
0.045), with the Rd&d-based pattern showing the highest 
average of product lines. the ranking of the four groups 
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was the same, and patent owners showed the lowest inno-
vation performance (see table 4).

other differences among clusters 

in the following sections, we test the differentiating power 
of the clustering of smes in terms of their innovation, imi-
tation and Rd&d investment. For that, we compare the 
four clusters obtained in terms of a few innovation related 
characteristics.

internal and external innovation sources 

Technical assistance and consulting are particularly appro-
priate for small firms, as reported by macpherson (1991) 
for north america and Rothwell (1991) and Freel (2005) 
for europe. since these firms have inevitable internal con-
straints in resources for innovative activities, external 
sources of technology and knowledge such as innovation 
networks, innovation-related cooperation, and consulting 
activities are useful. as Freel (2000, p. 263) put it, “the 
evidence suggests that the most innovative firms are in-
volved in extensive and diverse links with a variety of ex-
ternal sources of knowledge and expertise”. 

Foreign technical assistance appears to be particularly im-
portant for Colombian smes in the Rd&d-based pattern of 
innovation; 39.4% ranked foreign technical assistance and 
consulting activities among their three most important 
sources of innovation. Firms in this cluster also show the 
highest percentage in mentioning consulting as a source 
of innovation (72.7%). note that this is the cluster with the 
highest performance in terms of new products. one possi-
ble explanation is Freel’s analysis (2005) of participation in 
innovation networks. When small firms have the opportu-
nity to combine their internal sources with external sourc-
es, their innovative performance improves. in contrast, 
the cluster with the smallest percentage both in foreign 

technical assistance and consulting is the imitation and 
adaptation-based pattern with 15.15% and 25.76%, re-
spectively. 

in their research on smes in tanzania, mahemba and de 
Bruijn (2003) also found that the most innovating com-
panies were likely to seek external technical support. Per-
haps, as nelson (1968) observed for large industries in 
Colombia in the 1960s, the most innovative groups among 
smes in developing countries also share a few similarities 
with those in industrialized countries. 

internal sources of ideas for innovation 

Regarding the internal sources of innovation, although for 
most of the smes in the sample the manager’s education 
is a very important source, the called classical pattern has 
the highest percentage (88.5%), followed by the Rd&d-
based pattern (84.8%). ideas of middle management and 
workers appears to be particularly important for the inno-
vation pattern determined by patent ownership (50%), fol-
lowed by the Rd&d-based pattern. 

patterns of innovation and ownership structure 

a significant difference is observed among the four clus-
ters in terms of the incorporation of firms (p=0.04)7. Pat-
ent owners have the highest percentage of incorporation 
(47.37%) while firms in the imitation and adaptation-
based pattern have the lowest (20.31%).

it is interesting to note that patent owners’ efforts are 
aimed at marginal improvements of their patented prod-
ucts, and investing in the formalization of marketing 

7 in Colombian law, societies with limited responsibility and equity 
shares are regulated by the authority and are called “anonymous 
societies”. the law for these societies is similar to the law of 
incorporation in the anglo-saxon legislation.

table 3. distribution of smes in clusters.

cluster
number of 
cases (n)  

%

% of 
firms 

that own 
patents 

% r&d
multinomial scale 

imitation of foreign 
models

new products 
(standardized z-score) 

mean s.d. mean s.d. mean s.d. 

Classical pattern 118 47.96 0 2 2 0 0 0.02 0.963

Rd&d-based pattern 43 17.47 0 15 9 0.07 0.34 0.639 1.569

imitation and adaptation-
based pattern

66 26.82 0 4 6 1.91 0.7 0.194 1.126

innovation pattern determined 
by patent ownership

19 7.72 100 10 11 0.26 0.65 -0.223 0.443

total 246  0.156 1.13

P-value 0.000 0.000 0.000 0.008

source: authors.
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activities is more frequent (see table 5). it is possible to 
raise the hypothesis that patent ownership is an attractive 
characteristic and a signal for potential investors. since 
patent-owning firms show lower performance in terms of 
different measures of new products and since these firms 
are often incorporated, one could question the economic 
value of this signal, except for the market monopoly it en-
tails.

analyzing innovation in British firms, Geroski (1994) ob-
tained a result comparable to ours: “[…] small firms or 
fringe players have an incentive to use them [major innova-
tions] to improve their market position, while large incum-
bent firms who enjoy rents on their existing activities have 
an incentive to resist their advance […] although large, mo-
nopolistic firms may have superior resources to generate 
new innovations and may be in a better position to exploit 
them than other firms, innovative activity is often rent-dis-
placing and this dulls the incentives of such firms to inno-
vate” (p. 149).

common characteristics of clusters 

nonsignificant differences among the four clusters are 
found in terms of the following variables: age of the firm 

(p= 0.46); size, measured in terms of number of employees, 
sales and assets (p= 0.40, 0.20 and 0.40, respectively); 
capital and non-capital cities (p= 0.48), and large and me-
dium-sized cities (p= 0.56); efficiency ratios such as sales 
per employee (p= 0.24), and assets per employee (p= 0.90).

Firms in the sample are 15 years old on average, and all 
clusters had averages close to this value. though there is 
considerable controversy in the literature about a positive 
or negative relationship between size and innovation (acs 
and audretsch, 2005; damanpour, 1996; vossen, 1998), 
the results obtained here do not support either hypothesis. 
nor do the assets of a firm appear to be predetermining 
its innovation pattern. these results, which coincide with 
those of Hadjimanolis (2000) and Kannebley et al. (2005), 
support the hypothesis that size is not a barrier for innova-
tion in small firms. 

service firms are present in similar proportions in the dif-
ferent clusters. the differences were not significant (p= 
0.77). neither service nor manufacture predominates in 
any cluster. this coincides with the results of Kannebley et 
al. (2005) and de Jong and marsili (2006). the differences 
among clusters in terms of the percentage of exports over 
total sales for the firms in each cluster (p= 0.48) and the 
percentage of firms in each cluster that were regular ex-
porters (those exporting continuously for 3 or more years) 
were also explored (p= 0.54). neither of these two mea-
sures of internationalization showed significant differences 
among clusters. 

conclusions 

our empirical exploration of the relationship between the 
intellectual property assets and the innovation behavior of 
smes in a developing country yields one central result: the 
cluster of smes owning patents has a significantly lower 
rate of new products brought to the market per year than 
firms in the other clusters. 

this implies that patent owning firms are less innovative 
in terms of new products, when compared to other smes. 
their innovation efforts (as measured by Rd&d) are also 
relatively low. this would support the hypothesis that, 
through the so-called “replacement effect” or other rea-
sons mentioned earlier, patents exempt their owners from 
the necessity of pursuing a continuous process of innova-
tion. as the average age of these firms is not significantly 
different from the average age of firms in other clusters, 
one could also infer that an innovative behavior is not re-
quired from them to survive over time. the protection of 
patents seems to be sufficient to guarantee their survival 
and appears to be related to less innovative behavior. 

table 4. number of product lines and clusters.

product lines

clusters n mean s.d.

Classical pattern 110 2.92 1.18

Rd&d-based pattern 40 3.50 1.60

imitation and adaptation-based pattern 62 3.29 1.30

innovation pattern determined by 
patent ownership 19 2.79 1.44

total 231 3.108 1.329

P-value 0.045

source: authors.

table 5. patterns of innovation, formalization of marketing 
and incorporation.

marketing 
department

incorporation

clusters n % n %

Classical pattern 57 49.57 27 24.11

Rd&d-based pattern 27 64.29 14 37.84

imitation and adaptation-
based pattern

29 44.62 13 20.31

innovation pattern determined 
by patent ownership 

15 78.9 9 47.37

total 128 53.11 63 27.16

P-value 0.02 0.04

source: authors.
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Patent owning firms operate in a market environment 
which is completely different from that of the other clus-
ters identified in the analysis. Patent owners rely on the 
monopoly granted to them by the patent system while the 
three other clusters of smes identified in the analysis op-
erate in an environment of competition. in the monopolis-
tic environment of patent owners, innovation efforts are 
geared toward marginal improvements of their patented 
products, and investing in the formalization of marketing 
activities is more frequent (see table 5). the significantly 
higher proportion of incorporated firms in this cluster sug-
gests that patent ownership operates as an efficient signal 
to investors in the imperfect capital market of this devel-
oping country. this signal, together with a well organized, 
formal management of marketing, seems to provide them 
with a relatively easier access to capital resources.

in contrast, firms in the Rd&d-based cluster do not own 
patents; they operate in markets where patents do not pre-
vent direct competition and where the life cycle of new 
products is short or where product differentiation is high; 
these firms depend on an intense innovation activity and 
spend the highest share of their sales in research, develop-
ment and design (Rd&d); they are the most innovative in 
terms of new products, but do not patent or register their 
new products or designs. they have an intermediate pro-
pensity to imitate the innovations of other firms, and they 
rely on technical assistance and external consulting more 
often than firms in other clusters.

the third cluster found in the analysis relies primarily on 
imitation and adaptation, especially of foreign models, to 
innovate and survive in their markets. their expenditures 
in Rd&d are an important part of their total sales. this is 
consistent with the hypothesis, proven by different stud-
ies for industrialized countries, that engaging in imitation 
and adaptation demands an important fraction of what 
these firms would spend if they developed these products 
on their own.

in the competitive environment where the Rd&d and im-
itation-based firms operate, either important investments 
in Rd&d, high rates of innovation and imitation, or a for-
malization of design activities are required. Competitors 
are closely watched, and their products sometimes inspire 
each other’s designs. 

the fourth and largest cluster (more than half of the sur-
veyed firms) is made of smes that follow what we have 
called the ‘classical pattern of innovation’. since their in-
ception, they have survived depending on the ideas and 
education of the entrepreneur; they do not own patents 
or carry any formal process of research and development; 

they spend the lowest proportion of sales in Rd&d, and do 
not report imitating national or foreign models.

this empirical result, obtained for a sample of smes in a 
specific developing country, is in line with the monopoly 
interpretation rather than with the incentive interpreta-
tion of the effects of the protection of intellectual prop-
erty. the most innovative firms operate in a competitive 
environment, where markets are not protected. Firms en-
joying the protection of patents have survived, apparently 
without as much pressure to introduce new products con-
tinuously into the market. one can conclude that, in the 
specific context of this study, where frontier technologies 
are not at issue, the ownership of intellectual property is 
not an incentive to innovation. instead, firms owning pat-
ents exhibit a less intensive innovative activity. the effects 
of iP protection may allow the long-term survival of firms 
with relatively lower Rd&d efforts and which put less new 
products or designs into the market.

an interesting aspect of the analysis is that differences in 
sector or regional composition of the four clusters are not 
significant. the size of the firm, its age or the percentage 
of its sales that is being exported are not significantly dif-
ferent among clusters.

What are the policy implications of these results? First, in-
tellectual property protection should not be viewed as a 
panacea for improving the innovation performance of small 
and medium enterprises of all kinds. Rather than adopt-
ing international across-the-board intellectual property 
standards, developing-country governments interested in 
promoting innovation should design specific intellectual 
property policies that weigh the two-sided impact of pat-
enting on innovation. For that, special efforts should be 
made by the authorities of these countries to raise more 
detailed statistics allowing to understand the various inno-
vation processes taking place in smes. also, since no single 
innovation policy would be optimal for all kinds on smes 
identified in this study, alternative schemes for the promo-
tion of innovation should coexist to attract the attention 
of different kinds of smes to innovative activities. 
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