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1. Introduction

This paper examines the relationships between lkealledge spillovers, innovation
and the economic performance of firms in clustersdeveloping countriesA key
hypothesis in the literature on Local KnowledgellSpers states that local knowledge
spillovers are the main reason for the increasadvative and economic performance of
the firms in clusters and/or regions in the advdneeonomies (Saxenian, 1994). Local
knowledge spillovers in developing countries hawvefar received less attention. The
objective of this paper is to examine the role @fal knowledge spillovers in the
innovative and economic performance of firms instdus in the context of developing
countries. In this paper, we focus on the softviradestry in Uruguay.

The literatures on Economic Geography (Jaffe et1&93; Audretsch and Feldman,
1996), New Industrial Spaces (Saxenian, 1994; 8torf995; Scott, 2001, 2004),
Innovative Milieu (Aydalot, 1986; Camagni, 1992hdaRegional Systems of Innovation
(Morgan, 1997; Keeble and Wilkinson, 1998; Lawsow &orenz, 1999; Cooke, 2001)
view local knowledge spillovers as the driving ®teehind the increased innovative and
economic performance of firms in clusters and/agices. The importance of local
knowledge spillovers for innovation derives frone tiacit nature of knowledge. The fact
that tacit knowledge is experienced-based and gtspeecific means that it cannot easily
be transferred over long distances (Polanyi, 19@6)can only be assimilated by
observation and face-to-face interaction, and priinarily spill over to firms located in
the vicinity. This is why geographic proximity féitates innovation: it enables the
diffusion of tacit knowledge through face-to-faantact.

Research on clusters in developing countries Uindsrthe significance of geographic
proximity (Schmitz, 1995; Rabellotti, 1995; Nad¥996; Visser, 1999; Cassiolato and
Lastres, 1999). However, various advantages ofoaggflation are usually examined as
an undifferentiated phenomenon, lumping togethenemies of scale and scope, labour
market advantages, infrastructural advantages,a@ation advantages and knowledge
flows. Little attention is paid to the specific eobf local knowledge spillovers as one of



the important agglomeration advantages. Such kmwaledge spillovers are the central
focus of this paper. In order to highlight the effeof local knowledge spillovers, they
are distinguished from other types of knowledgevicsuch as international knowledge
spillovers and commercial knowledge transactiorss{#ou and Romijn, 2006).

A second characteristic of this paper is that we @ot only interested in the
relationships between spillovers and innovativefqrarance, but also in the direct and
indirect effects of local knowledge spillovers ti@ teconomic performance of firms.

The following three research questions will belergrd: RQ1) to what extent do the
internal learning mechanisms and absorptive capadgiff firms influence their ability to
acquire knowledge from external sources? RQ2) hmortant are local knowledge
spillovers for the innovative performance of firntgmpared to other mechanisms of
external learning? RQ3) to what extent do local videdge spillovers directly or
indirectly affect the economic performance of firms comparison with other
mechanisms of external learning?

2. Theoretical Insights and the Conceptual Framewds

The literature on Local Knowledge Spillovers in adeed economies provides many
insights into their contribution to the innovatioh firms within clusters and/or regions
(Jaffe et al., 1993; Saxenian, 1994; Audretsch Fgldman, 1996). However, important
gaps still remain in this literature.

Local versus international knowledge flows

In the first place, it is particularly problematltat studies have traditionally focused only
on local knowledge advantages, while underestigatime impact of international
knowledge linkages. Current studies (Simmie, 2B¥helt et al, 2004; Owen-Smith and
Powell, 2004) pay attention to the fact that inrtosaclusters and/or regions in advanced
economies cannot be self-sufficient and raise itipg@ortance of external linkages or the
so-called ‘trans-local pipelines’. Non-local linlegy namely the ‘pipelines’, constitute
channels for the entry into the cluster of new iinfation regarding new markets and
technologies (Bathelt et al., 2004). The new knolyéeis transmitted rapidly through the
function of knowledge spillovers to the firms withihe cluster. For example, Simmie
(2003) considered the interface of local and glaimal found that in the United Kingdom,
innovative firms are concentrated in a few locaidthus confirming the importance of
regions/clusters) but at the same time, innovategions have more linkages with
international actors than less innovative regiolms.his interpretation, international
linkages [with customers and clients] are more irtggd for obtaining leading edge
knowledge concerning market trends than for ohtgintechnological information.
Technological knowledge is predominantly tacit amictulates best at the local level.
Knowledge about markets is less tacit and is latatenternational centres of excellence
that firms need to contact. In other words, Simraises the importance of ‘demand-pulls
...in understanding the drivers of innovation' atr@sses the significance of international
linkages for regions or clusters in advanced ecoe®n{Simmie, 2003, p. 616).
Therefore, according to these new insights, clastezed to establish and maintain



external relations in order to sustain their innosmess and competitiveness in the long
run.

While these are new developments in the literatfifeocal Knowledge Spillovers in
advanced economies, the literature on Technologysfer in developing countries has
long time ago recognised the importance of accgsaind absorbing international
knowledge (Evenson and Westphal, 1995; Szirmai5RQ0a particular, the literatures on
Technology Transfer (Enos, 1989) and New Trade mhéGoe at al., 1997; Jacob and
Szirmai, 2007) underline the fact that the mainrsesl of technological progress in less
developed countries originate in the external dom&his provided the ground for our
decision to examine the relative importance of llokaowledge spillovers versus
international knowledge linkages.

Spillovers and economic performance

A second gap in the literature is that researchLonal Knowledge Spillovers in
advanced economies offers little evidence on wheth€S affect the economic
performance of firms, directly or indirectly (thrglu innovation). Though studies on the
economics of innovation have established the liakwiren innovation and productivity
(Griliches, 1988), it is still not clear how LKSfaft the economic performance of firms
within clusters.

Agglomeration advantages and knowledge spillovers

In the third place, the literature on Industriau§ters in developing countries has offered
evidence on the importance of agglomeration adgastafor the technological and
economic progress of firms in LDCs (Rabellotti, 39Wadvi, 1996; Schmitz, 1995,
1999; Visser, 1999). However, this literature does make a clear distinction between
knowledge advantages and cost advantages. Neithes @ differentiate between
innovative and economic performance. Based onfitsiderived from this literature, this
paper explicitly focuses on knowledge advantagesiakes a distinction betwedocal
knowledge spilloverandlocal knowledge transactionSpillovers refer to the free flow
of knowledge. Knowledge transactions refer to fdrritews of knowledge through
market transactions. Next, we make a clear distindbetween our ultimate dependent
variables measuring theconomic performancef firms and intermediate variables
measuring thennovative performancef firms.

Internal learning and absorptive capacities
Finally, the literatures on Absorptive Capacitiesd arechnological Capabilities have
shown that the development of internal processeseafing within the firm is a
prerequisite for the acquisition of technology [aridus external knowledge].
Technological effort is necessary: purposeful itwvents in learning enable firms to
select, adopt, modify and improve a new technol@phlman and Westphal, 1981; Lall,
1992; Bell and Pavitt, 1993; Cohen and Levinth@0@, Romijn, 1999). Consequently,
this study has taken into account the absorptiy@ady of the firm by considering a
large number of indicators that reflect the edwucstl level, experience, and R&D efforts
of the firm.

Based on the insights provided by the aforementiditeratures, we have developed
the conceptual framework, summarised in Figurenfigure 1 the square boxes refer to



measured independent, intermediate and dependeables. The ovals refer to latent
concepts - innovation capabilities and absorptiapacity - which are not directly
measured. The framework allows us to examine: d..irtipact of the internal learning
mechanisms of the firm upon its ability to acquexternal knowledge via external
mechanisms of learning; 2. the relative impactaofl knowledge spillovers [compared
to the three other types of knowledge flows: Idaabwledge transactions, international
knowledge spillovers and international knowledgensactions] upon the innovative
performance of the firms; 3. the relative impactamfal knowledge spillovers [compared
to local knowledge transactions, international klemlge spillovers, and international
knowledge transactions] upon the economic perfooman the firms. This impact can be
direct as well as indirect.

Figure 1: Conceptual Framework - Local Knowledge Sglovers, Innovation &
Economic Performance
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3. Data and Methods

A variety of methods have been used to analysd kzawledge spillovers (e.g. Jaffe et
al, 1993; Cassiman and Veugelers, 2002; MohnenHawateau, 2003; Bell and Pavitt
1993). In view of the scarcity of secondary d#te, specific nature of innovation in a
developing country context and the need for detaileformation regarding firms’

innovative activities, we opted for an in depth ecasudy of one cluster in order to



examine the aforementioned research questions.hd&edhe case of the software cluster
in Montevideo, Uruguay. This cluster offers an iatting example of high-tech activities
in a developing country context. Research in adedneconomies suggests that
knowledge spillovers are especially important imkiedge intensive industries.

In the past 10-15 years, the software sector hasrged in many developing
countries, and is currently expanding steadilytha specific case of Montevideo, the
cluster is dynamic, both in terms of technology ascbnomic performance. The
Uruguayan software cluster was also selected becaus export intensive, thus being
useful for the comparison of the importance of logarsus international knowledge
flows.

A field study was conducted in the software clusterMontevideo. During the
research trip, we carried out an Innovation Surtregugh face-to-face interviews with
the majority of the software firms in the clustéegidou, 2007). We followed the
methodology of the Community Innovation Surveysi made several changes and
adaptations in order to adjust the questionnaitbeémeeds of the software sector (which
includes service firms alongside industrial firnas)d to the peculiarities of a developing
country.

Of the full population of 150 firms in the Montewid software cluster, 98 firms
participated in the survey (a 65 per cent respoass). All of the large, medium and
small firms participated. The non-responding firnmsre mainly micro firms (with less
than 10 employees). Nevertheless, micro firms weirepresented in the sample. 50 of
the total of 103 micro firms participated in thensy (48.5 per cent). Our sample is
therefore an adequate representation of the firpuladion.

Table 1 presents operationalisations of the cosceptfigure 1. All the variables
have been constructed from the responses to tlveysufhe first column contains the
variable names, the second column shows the syrobthe variables. The third column
provides a brief description of the variables.



Table 1: List of Variables

Variables Symbol Definition/Measurement

Dependent Variables

Economic Performance

Sales SALES This is a continuous variable, which denotes thessaf
software (P/S) of firms in US dollars in 2004.

Growth of Sales SALES GR This variable denotes the growth of the sales fifvewe
(P/S) during the period 1999-2004.

Sales per

Employee SALES EMPL This variable measures the sales of the firm asreeptage
of the number of its employees.

Exports EXPORTS This is a continuous variable, which denotes thpoets of
software (P/S) of each firm in US dollars in 2004.

Growth of

Exports EXPORTS_GR This variable denotes the growth of the exportsoffware

(P/S) of each firm during the period 1999-2004.
Share of sales to
exports EXPORTS_INTENS This variable indicates the percentage of salexctid to
foreign markets in 2004.

Growth of

employment EMPL_GR This variable takes into account the growth of the
employment of each firm during the period 1999-2004

Innovative Performance

Product/Service - NEW_PS Binary variable, which takes the value of =1 if flren has

New to the introduced a new product/service (P/S) innovatmthe

Market market during the period 1999-2004, and =0 in otamse.
Binary variable which takes the value =1, if therfihas

Product/Service - CHANGE_PS changed a (P/S) in a radical manner during theogdelr®999-

Changed 2004, and =0, otherwise.

Substantially
Censored variable because its lower limit equals.ze

Sales of SALES INNOV Indicates the percentage of sales that derived {(R/®)
Innovation innovations in 2004.
Output

This is a continuous variable that considers trantjty of
Number of NO_INNOV (P/S) innovation that each firm has produced.
Innovations

This is a dummy variable which takes the value bffthe
Quality of QUAL_PS firm has a quality certification, and =0 otherwise.
Product and/or
Services




Independent Variables

Local
Knowledge
Spillovers
through Spin-off

Local
Knowledge
Spillovers
through Labour
Mobility

Local
Knowledge
Spillovers
through
Interaction —
Importance

Local
Knowledge
Transactions -
Importance

International
Knowledge
Spillovers
through -
Importance

International
Knowledge
Transactions -
Importance

Research and
Development
Man-years

Research and
Development
Intensity

External Learning

LKS_S

LKS L

LKS_I

LKT

IKS

IKT

Internal Learning

R&D_MY

R&D_INTENS

Education Index EDU

This is a dummy variable that takes the value oifal
firm is a spin-off of a university/MNC that is loeal within
the cluster and, = 0 in other case.

This variable denotes the percentage of employe#sw)
in a firm that came from within the cluster durithg last
five years (1999-2004).

This is a constructed variable that indicates theartance
of intra-cluster flow of knowledge that arises fréime non-
pecuniary interaction of local actas.

This is a constructed variable that indicates theadrtance
of intra-cluster flow of knowledge that arises frémoal
transactions.

This is a constructed variable that indicates thieartance
of extra-cluster flow of knowledge that arises frtm non-
pecuniary interaction among local and internatiGatbrs.

This is a constructed variable that indicates theadrtance
of extra-cluster flow of knowledge that arises from
transactions.

R&D effort measured in man-years. It measures the
cumulative R&D effort of the firm during the perid®99-
2004.

This variable denotes the percentage of firm'sualiarce
that carried out R&D in 2004.

Indicates the level of education of the employdesach
firm?.




Variation of EDU_VAR Ordinal variable that denotes the variation ofédecation

Education levels of the employees of each fitm
Postgraduate EDU_DUM This is a dummy variable which takes the value bif=a
education firm has employees with MSc or PhD degrees, anth=0
other case.

Foreign EDU_F This variable denotes the percentage of the empkteat
Education have acquired a university degree abroad.
Years of EXPER_Y Indicates the average years of experience in thea®
Experience sector of the employees of each ffrm
Index

EXPER_VAR_Y Ordinal variable that denotes the variation ofdlperience
Variation of of the employees within a firin
Experience

EXPER_FIRMS Indicates the average No. of occupations that the
Experience in employees of a firm have worked in the Past.
Firms Index

EXPER_VAR_F Ordinal variable which denotes the variation of the
Variation of experience in No. firms of the employees withirirmf.
Experience in
No. Firms

AGE Firm's age (reference year 2004).
Age

SIZE Size of the firm measured by number of employeg®at
Size 2004.

A number of indicators capture different aspectdh&f economic performance of the
firms: sales, sales per employee, exports, exptensity, and growth of sales, exports
and employment. To measure the innovative perfoomasf firms we rely partly on
indicators that have been used in the CIS (i.edyxctdservice new to the market, sales of
innovation output). We also introduce some new dattirs in order to represent
adequately the innovative performance of softwamas in developing countries. The
product/service changed substantially indicatortwas innovations that are new to the
firm, but not to the market. The number of innowas indicator captures the efforts of
the firm to adjust its products to current marked @echnology conditiofisFinally, the
quality of product/services indicator attempts dentify the firms that have acquired a
quality certification on order to improve their ig&in international markets.

The independent variables measure the externainégchal learning activities of the
firm. Based on the examination of the existingréitare on local knowledge spillovers
we assume that local knowledge spillovers ariseudpin spin-off firm formation (Zucker
et al, 1998), labour mobility (Alemeida and Kogi®99; Audretsch and Feldman, 1996),
and finally interaction of local actors (Saxenid®94; Allen, 1983; von Hippel, 1987,
Harhoff et al, 2003). Besides local knowledge sp#rs we attempt to capture
knowledge flows that derive from local market tactsons (LKT). In addition, we
consider the knowledge flows from abroad in themfoof international market
transactions (IKT) and international knowledge lspiérs (IKS). We consider various



indicators that denote the internal learning atési(i.e. research and development) and
the absorptive capacity of the firm (i.e. educatowl experience).

4. Empirical Analysis

Factor Analysis: Economic and Innovative Performane Indicators

We use principal factor analysis to identify theer dimensions of economic
performance. Three factors explain approximatelyp&0cent of the cumulative variance
of the seven variables. Table 2 presents the tboegponents and the variables that
explain them. The first factor is explained by estpevenues and by the export intensity
of the firm. This factor is called export intensitjhe second factor is explained mainly
by the sales, and the sales per employee. Thisrfaeters to those firms that are
commercially successful (Sales) and at the same tme characterised by a high
productivity (Sales_Empl). This factor is calleddé of performance. Finally, the third
factor is explained by the growth of sales, exparnd employment. This factor is named
economic growth since it represents those firmsdghaw rapidly.

Table 2: Economic Performance Components

Component
2 3
1 Level of Economic Growth
Export Intensity Performance
Exports 0.679 0.530 0.213
Exports_Intens 0.858 -0.054 0.055
Sales 0.191 0.976 0.061
Sales_ Empl -0.096 0.955 -0.028
Sales Gr 0.179 0.000 0.911
Exports_Gr -0.14( 0.061 0.689
Empl_Gr 0.293 0.012 0.761

The three factors will be used as the dependeidbias in the regression analysis. Their
names are:

EXP_INTES: Export intensity factor denotes the size of theogtgpand the export
intensity of a firm.

L_PERFORM: Level of performance factor indicates the volumethsd sales and the
sales per employee.

EC_GROWTH: Economic growth factor indicates the growth of #ades, exports and
employment.

We also examine whether the innovative performaridbe firm can be measured using
less than five variables. We again apply princfpator analysis. Factor analysis is useful
for the purpose of this study because it allowsaisransform dummy variables (i.e.
NEW_PS) into discrete variables. The latter aremsa for the use of system method
estimation.



Two factors explain approximately 60 per cent & tumulative variance. Table 3
exhibits the factor loadings of each innovationafale on the two factors. The first factor
is explained mainly by the variables NEW_PS and Gl&k_PS. The first variable
NEW_PS is an indicator of the uniqueness of thedpeb in the market. The second
variable CHANGE_PS represents a product/serviceé llaa undergone a significant
change. In the first case, the product is new ®rtarket, whereas in the second the
product is new to the firm. This means that thenfinas created and/or substantially
changed a product or service. These are technalogitanges: firms applied new
scientific or technological knowledge into theioducts or adapted their products to the
needs of the customer.

Table 3: Innovation Components

Components
1 2
Technological Marketing/Organisational
Innovation Innovation
NEW_PS 0.895 0.009
CHANGE_PS 0.919 0.028
QUAL_PS 0.011 0.798
SALES INNOV 0.200 0.277
NO_INNOV -0.077 0.766

The second factor is explained by the variables QUZS, SALES INNOV and
NO_INNOV. The QUAL_PS variable indicates those #riinat hold an international
recognised quality certification. A quality certidition improves the quality of the
products of the firm and ultimately its productwitUsually, it is a necessary step for
many firms in developing countries that try to eriteign markets and gain the trust of
demanding customers. Terlaak and King (2006) sudgbes certification with ISO 9000
reveals information to customers about differenoceshe organisational quality of
suppliers. For instance, King and Lenox (2001) ulgftoan empirical study show that ISO
9000 reflects differences among firms with resgecbrganisational quality related to
sophisticated management of technology, materraldabour. Thus, quality certification
has to do with the organisational capabilitieshaf tirm.

The SALES _INNOV variable denotes the percentagesales of a firm due to
innovative products/services (P/S). On one harid,dbmonstrates that the specific firm
is innovative, because a large number of its satesinnovative products and services.
On the other hand, this indicator shows that trexi$ip firm is able to commercialise its
innovative products and services and to profit fribram. In other words, this variable
expresses the capability of the firm to use mankeknowledge and to sell its products
and services in the market.

Finally, the variable NO_INNOV denotes the numbérirmovations that a firm
produces. In the software industry, a firm commdmdyds only a few products and then
produces numerous versions of them. NO-INNOV castuthese versions. These
versions represent the capability of the firm tacteto market needs and to sell its
product in diverse forms. To a large degree, thasiable therefore represents the
commercial success of the firm and its capabilitreselling its original products by
satisfying the needs of the current customers.



We use the two components of the factor analyswrder to express the innovative
performance of the firms. The first factor dendtestechnological innovation of the firm
while the second factor denotes the firm’s markgtand organisational innovation
capabilities with regard to products and services.

TECH_INN: Technological innovation factor indicates the calggbof the firm to
create or change products and services based dmolegical and/or scientific
advancements.

MARK_INN: Marketing/Organisational innovation factor indicatbe capability of the
firm to follow the market requirements (qualityjends and strategies and successfully
commercialise its products and services.

We proceed to the empirical analysis with the neywethdent variables.

System Method Estimation
Simultaneous regression techniques are used toastithree key equations referring to
the respective research questions set in the unctamh.

A. Export Intensity

The following structural model makes it possibletést the three research questions
simultaneously. In particular, export intensity EXNTENS) is used as an indicator of
the economic performance of the firm.

\
EXP_INTENS = a+ a@TECHN_INN+ &LKT + auIKT + asEDU_VAR + aSIZE + e

TECHN_INN = b + LKS_| + bsLKS_L + hylKT + bgEXPER_Y + u \

IKT =c1 + ogR&D_MY + csEXPER_VAR_F + gSIZE + w

Three-stage least squares (3SLS) technique is wdedh permits the parameters of all
three equations to be estimated simultaneouslys iEha system method of estimation
which is also called full information method, besauit takes into account information
from all equations at the same time. On the coptiamited information methods such as
OLS or 2SLS estimate one equation at a time andotigpermit the disturbances of the
different equations to correlate (Greene, 2000).

In this system, export intensity (EXP_INTENS), teclogical innovation
(TECHN_INN) and international knowledge transacsioflKT) are endogenous
variables. We apply the 3SLS method in three subs®csteps:

The first step is to replace the endogenous vasafBlECHN _INN and IKT with
instrumental variables. The instrumental varialde TECHN_INN should be highly
correlated with TECHN_INN but not caused by EXP_BWS. The variables LKS |,
LKS L and EXPER_Y are used as instrumental vargafle TECHN_INN. The variable
R&D_MY and EXPER_VAR_F are used as instrumentailaldes for IKT.

The second step is to regress TECHN_INN and IKTthair instrumental variables
respectively. Then we save the predictions pre_ TEANN of the first regression and
the predictions, pre_IKT of the second regression.



The third step is to use these predictions (pre HEANN and pre_IKT) to estimate
the economic performance of the firm by using then&alised Least Squares (GLS)
technique. While OLS minimises the sum of squafdbedisturbances, the GLS method
minimises a different quadratic form of the residu¢hat of the covariance matrix of the
equation disturbances (those are the residualsnebtaluring the second step) (Greene,

2000).

Table 4: Simultaneous Estimates of Export IntensityTechnological Innovation and
International Knowledge Transactions

beta-Coefficients beta-Coefficients
EXP_INTENS
TECHN_INN* 0.399 (0.177)* 0.377 (2.26)**
LKT -0.053 (-0.017)*** | -0.226 (-3.00)***
IKT* 0.100  (0.0421)* 0.411 (2.39)**
EDU_VAR -0.446  (-0.127)*** | -0.314 (-3.50)***
SIZE 0.012  (0.002)*** 0.454  (5.11)***
Constant 0.555  (0.287)*
"R 0.51 0.51
N 67 67
TECHN_INN
LKS | 0.077  (0.026)*** 0.302  (2.91)***
LKS L 0.643  (0.318)** 0.241  (2.02)**
IKT 0.040 (0.046) 0.177 (0.87)
EXPER_Y -0.121  (-0.041)*** | -0.292 (-2.93)***
Constant -0.335 (-0.335)
"R 0.26 0.26
N 67 67
IKT
RD_MY 0.148  (0.042)*** 0.349  (3.49)***
EXPER_VAR_F | 0.255 (0.605) 0.049 (0.42)
SIZE 0.028  (0.010)*** 0.261  (2.63)***
Constant 2.463  (1.456)*
"R 0.27 0.27
N 67 67

TUnstadardised regression coefficients (beta); StahHrrors in parentheses; ***p<.01, **p<.05, *p®.1

* Standardised coefficients (beta); t-values in piresis.

" Predicted values
-3-stage least squares:

Endogenous Variables: EXP_INTENS, TECHN_INN, IKT.
Exogenous Variables: LKT, EDU_VAR, SIZE, LKS_|, LKS_EXPER_Y, RD_MY, EXPER_VAR_F.
Source Authors computations based on authors’ survey.

There are 67 observations for the previous modslysftem equations (Table 4). Not all
firms were willing to give information regardingdin economic performance. However,
for the rest of the variables, we do have 97 olsmms. We may, at this point, test the



sub-system of TECHN_INN and IKT and see whetherréseilts are similar to those of
the full model.

Table 5: Simultaneous Estimates of Technological hovation and International
Knowledge Transactions

beta-Coefficients
TECHN_INN
LKS | 0.077  (0.023)***
LKS L 0.597 (0.316)*
IKT 0.039 (0.048)
EXPER_Y -0.109  (-0.039)***
Constant -0.332 (-0.333)
"R 0.24
N 97
IKT
RD_MY 0.144  (0.038)***
EXPER_VAR_F | 0.694 (0.473)
SIZE 0.026  (0.010)***
Constant 1.770 (1.140)
"R 0.24
N 97

-Standard Errors in parentheses; **p<.01, *p<.65<.10

-3-stage least squares:

Endogenous Variables: TECHN_INN, IKT.

Exogenous Variables: LKS_I, LKS_L, EXPER_Y, RD_MY, ERR_VAR_F, SIZE.
Source Authors computations based on authors’ survey.

A comparison of the full model with the 3 equatidii@ble 4) with the model which
consists of the 2 equations (Table 5) produceslainésults. This suggests that the
observations that are missing from the small sampl@ld not produce different results.

Table 4 reports the results of the system methtchaton analysis. Several models
were tested using different indicators for the peledent variables. The best-fit model in
Table 4 shows that the R-square of the EXP_INTEMNS®system is 0.51. This means
that 51 per cent of the variation of the exporemsity is explained by the independent
variables. Moreover, the R-square of the TECHN_KNi¥-system is 0.26. Finally, the R-
square of the IKT sub-system is 0.27. Overall,ritfodlel seems to explain a fair amount
of the variation of the endogenous variables. Basedhis model we may draw the
following conclusions:

Concerning the EXP_INTENS sub-system, we noticg firat, TECHN_INN affects
EXP_INTENS in a positive and significant way. Thiseans that technologically
innovative firms export more than less innovativen§. Second, LKT exert a negative
and significant impact upon EXP_INTENS. This impligat those firms that use local
knowledge transactions intensively export less thhose firms which use local
knowledge transactions less intensively. Third, IKas a positive and significant impact
upon EXP_INTENS. In other words, those firms thae unternational knowledge



transactions intensively export more than thosedithat use international knowledge
transactions less intensively. Fourth, EDU_VAR eiffeEXP_INTENS negatively. This

implies that firms which exhibit a large variation the educational level of their

employees export less than firms which are comgrisé employees with similar

educational level. Fifth, SIZE has a positive intpapon EXP_INTENS. Large firms

export more than small firms.

The beta coefficients are used in order to evaltiaterelative importance of local
knowledge spillovers for the export intensity ofifs within the Montevideo cluster.
Local knowledge spillovers do not have a direct actpupon EXP_INTENS, but an
indirect effect through TECHN_INN. Consequently,arg the various mechanisms of
external (to the firm) knowledge flows, it is IKThich exhibits the strongest positive
effect on EXP_INTENS. Local knowledge spilloversK@&. | and LKS L) exhibit the
strongest positive impact upon the innovative pemnénce of the firms. We also have
seen that the acquisition of international knowkettyyough market mechanisms depends
on the internal learning activities (R&D) and theesof the firm.

B. Level of Performance

A similar methodology is applied using differentlicators for the performance of the
firms. In particular, level of performance (L_PERRR) is used as an indicator of the
economic performance of the firm, while marketimgémisational innovation
(MARK_INN) denotes the innovative performance ofetHfirm. The variables
EDU_DUM and AGE are used as instrumental variafdesMARK INN. The variable
R&D_ MY and EXPER_VAR_F are used as instrumentailaldes for IKT.

The following structural model uses once againtthiee-stage least squares (3SLS)
technique.
N
L PERFORM = 1+ 5,MARK _INN + 3LKT + 4RD _INTENS + sEXPER_FIRMS
+ ¢SIZE + ¢

MARK_INN = 1+ ,LKS_ S+ KT+ 4RD_MY + sEDU_DUM >
+ ¢EXPER_VAR_F+7AGE + v

IKT = 1+ 2RD_MY + 3;EXPER_VAR_F + 4SIZE + z J

Table 6 presents the results of the 3-stage lgasires estimation method. A number of
alternative models were tested using differentaatlirs for the independent variables.
The best-fit model in Table 6 shows that the R-sgjohthe L_ PERFORM sub-system is
0.22. Moreover, the R-square of the MARK _INN substeyn is 0.49. Finally, the R-
square of the IKT sub-system is 0.27. Overall,ritfodlel seems to explain a fair amount
of the variation of the dependent variables. Basedthis model we may draw the
following conclusions:

Concerning the L PERFORM sub-system, we first eotitat RD_INTENS affects
L_PERFORM in a positive and significant way. Thigans that R&D intensive firms



perform better than firms that invest less on R&acond, SIZE has a positive impact
upon L_PERFORM. Large firms exhibit a higher legéperformance than small firms.
With regard to the MARK_INN sub-system, Table 6 whothat IKT and RD_MY
variables affect MARK_INN in a positive way. Howeyéheir effect is not statistically
significant.

Table 6: Simultaneous Estimates of Level of Perforance,
Marketing/Organisational Innovation and Internation al Knowledge Transactions

beta-Coefficients beta-Coefficients’
L PERFORM
MARK __ INN* 0.162  (0.206) 0.151  (0.79)
LKT 0.040 (0.027) 0.167 (1.43)
RD_INTENS 1.396  (0.455)*** 0.465  (3.04)***
EXPER_FIRMS | -0.147 (-0.104) -0.176  (-1.42)
SIZE 0.005 (0.002)** 0.218  (1.98)**
Constant -0.814 (-0.358)*
"R 0.22 0.22
N 67 67
MARK _INN
LKS_ S 0.487 (0.192)** 0.244  (2.53)**
IKT 0.009 (0.091) 0.045 (0.12)
RD_MY 0.027 (0.016) 0.279 (1.63)
EDU_DUM 0.712 (0.260)*** 0.316  (2.74)***
EXPER_VAR_F| 0.298 (0.124)** 0.248 (2.39)**
AGE 0.029 (0.009)*** 0.274  (3.02)***
Constant -1.780  (-0.365)***
"R 0.49 0.49
N 67 67
IKT
RD_MY 0.143  (0.043)*** 0.337  (3.33)***
EXPER_VAR_F| 0.122 (0.620) 0.023  (0.20)
SIZE 0.030  (0.010)*** 0.275  (2.26)***
Constant 2.761  (1.485)
"R 0.27 0.27
N 67 67

"Unstandardised regression coefficients (beta);dgt@hErrors in parentheses; ***p<.01, **p<.05, *f@.

™ Standardised coefficients (beta); t-values in péresis.

* Predicted values

-3-stage least squares:

Endogenous Variables: L_PERFORM, MARK_INN, IKT.

Exogenous Variables: RD_INTENS, EXPER_FIRMS, SIZEKSLS, LKT, EDU_DUM, AGE, RD_MY,
EXPER_VAR_F.

Source Authors computations based on authors’ survey.

Finally, the sub-system of IKT shows that the isignwith which a firm may use
international knowledge transactions is contingepbn RD_MY and SIZE. This
suggests that firms that invest strongly in R&DIthuhe capabilities to use international
knowledge transactions. On the contrary, thosesfithat are weak in R&D do not have



the capabilities to use IKT. Moreover, we noticattharge firms use international
knowledge transactions more intensively than sfirails.

The beta coefficients are used in order to evaltlaerelative importance of local
knowledge spillovers for the level of performandetiwe firms within the cluster of
Montevideo. It turns out that local knowledge spikrs have neither a direct impact
upon L PERFORM, nor an indirect effect through MARKN. The level of
performance of the software firms in the clusteMaintevideo depends on their internal
learning mechanisms and in particular of the paegmof employees dedicated to R&D.
RD_Intens is the variable which exhibits the stestgeffect upon L_Perform. Local
knowledge spillovers (LKS_S) affect positively theovative performance of firms.
However, the absorptive capacity indicators (EDUNQUEXPER_VAR_F, AGE)
exhibit the strongest positive impact upon innawati

4. Results and Discussion

We have found evidence indicating that firms witghhabsorptive capacity are better
able to access external knowledge (RQ1). In pdaticthe analysis in Table 4 and Table
6 has shown that firms with high levels of R&D (rseeged in man-years) are able to use
international knowledge transactions (IKT) inter$yv In addition, these firms are the
larger ones. This implies that in a developing ¢ousuch as Uruguay, firms which are
small and weak in R&D are in some way disconnefttexh the international economy.
The fact that the rest of the mechanisms of knogéeitbw such as LKS, LKT and IKS
do not depend on the internal capabilities of tha fs a remarkable finding. It suggests
that firms may absorb local knowledge as well asrimational knowledge spillovers
without being very large or particularly strongR&D. However, for a firm to be able to
establish a formal relationship with internatioa&tors it needs to be large and R&D
oriented. This finding is consistent with theor@sinternational technology transfer to
developing countries.

The results of the empirical analysis support thhes@gnce of local knowledge
spillovers and their positive influence upon theaawation of firms within the cluster
(RQ2). In particular, local knowledge spilloversdhgh interaction and labour mobility
affect the technological innovation of the firmsspively, whereas local knowledge
spillovers through spin-offs have a positive effemt the organisational/marketing
innovation of the firms. Although, international qomiary knowledge affects the
innovative performance of firms positively, its &tf is not statistically significant. This
suggests that local knowledge spillovers matterentban the other knowledge flows.
The rest of the explained variation is due to leayrcarried out internally in the firm.

Local knowledge spillovers do not affect the ecoimperformance of the firms
directly (RQ3). We have seen that it is internatioknowledge transactions which have
the strongest impact upon the economic performahtee firms. Even if we assume that
local knowledge spillovers affect the economic perfance of the firms indirectly,
through innovation, Table 4 shows that the betdfictents of IKT are higher than the
beta coefficients of TECHN_INN. This means thataloknowledge spillovers are less
important for the economic performance of the firmsthe Montevideo cluster. It is
primarily international knowledge transactions dhdn technological innovation which



influence the economic performance of the firmsisitimportant to clarify that the
indicator of the economic performance is the expainsity (EXP_INTENS) of the
firms. This means that those firms that are wetirated in the international economy
and acquire knowledge through market mechanismthase which export a large part of
their production. A prerequisite for this is thaése firms are technologically innovative.

5. Conclusions and Policy Implications

While LKS affect the innovative performance of fivens directly in a positive manner,
they do not influence their economic performanaedly. One reason for this could be
the fact that LKS are usually the conduits of tacibwledge, which needs first to be
translated within the firm into explicit knowledge order to have an economic
significance. Nevertheless, LKS are connected @udly to the export performance of the
firm. This paper has shown that innovation affélcesexport performance of the firm in a
positive and direct way, while innovation is cogeémt upon LKS.

International knowledge transactions (IKT) play eren important role in the
economic success of the software firms. This out@srall the more pronounced if we
consider that one indicator of local knowledge s$emtions (LKT) affects the economic
performance of the firms negatively. As mentionbd\e, local knowledge spillovers do
affect the economic performance of the firms inclisethrough innovation. But the effect
of international knowledge transactions was stronggan that of technological
innovation.

Taking the Uruguayan software cluster as a casiy sifithe role of local knowledge
spillovers in developing countries, we draw thddwing conclusions: To begin with,
local knowledge spillovers play a crucial role fie innovative performance of the
software firms in the cluster of Uruguay. At thergatime, the outcome of this study
suggests that international knowledge transactiares important for the economic
performance of the firms. LKS are important for theovation of the firms, but not
sufficient for their economic success. To be intimeais not the same as being
economically successful. Rather, it is a preretplisTo achieve economic success
according to the results of this study, it is imtpat that a firm is connected to the
international economy. The latter is contingentrugiee internal capabilities of the firm.

The main hypothesis in the literature of LKS in #tvzanced economies stresses that
LKS are the main reason for the increased innogadivd economic performance of the
firms within clusters and/or regions (Saxenian,4)99he results of this study confirm
the relevance of local knowledge spillovers in toatext of developing countries. The
importance of international linkages has been owoded in the literature of LKS in
developed countries, which is focused on the adwmst of LKS. In contrast, in the
literature on clustering in developing countrielKS. were overlooked. This study
provides evidence which suggests that LdkBmatter for the innovation of firms within
clusters in developing countries. However, it isTIvhich allow firms in developing
countries to achieve export success. Firms in dgual countries need to be connected
with the international economy. This is why intdfaaal knowledge flows through
market mechanisms are so important.



Two main policy recommendations can be drawn frbaseé results: First, geographic
proximity may generate advantages related to thieciaculation of knowledge, not only
in advanced economies but also in developing camtihis suggests that knowledge
advantages, as well as cost advantages, can bemefitwithin clusters in LDCs. In the
case of the software cluster in Uruguay, labour ifitpbspin-offs, and the informal
interaction of agents within the cluster seem téhgemost important mechanisms for the
transfer of knowledge. Thus, the Uruguayan govenins@ould continue to invest in
education and training of high-skilled employeesowdd provide more subsidies for
R&D and should facilitate labour mobility by pronma more flexible and less regulated
labour markets, especially for SMEs.

Second, in addition to focusing attention upon ldcewledge advantages, it is also
essential to keep in mind that international lirkgontinue to play a major role in the
innovative and economic performance of firms inaleping countries. Countries that
are well connected to the global economy may daiaugh the development of formal
and also informal linkages. Thus, it is crucialtttf®ese countries establish policies that
lower trade barriers and open up to foreign direeestments. More importantly, a
prerequisite for the absorption of external knowkedis the internal building of
capabilities. For absorption to be effective, evdeyveloping country should pursue a
policy of investments in education and vocationahing.
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NOTES

! Firms were asked in the survey tassessthe importance of various sources of

information/advice or assistance for their upgraglior innovationefforts on a Likert scale
(O=unimportant, 1=less important, 2=important, 3yvenportant, 4=crucial). We provided them
with thirteen different potential sources of knodge (Group, New Personnel, Customers,
Suppliers, Competitors, Vertically connected fir@gnsultants, Research Institutes, Universities,
Innovation Centres, Sector Institutes, Exhibitioasd Electronic Information). Moreover, firms
were requested to reponthere the sources of knowledge that they use weogrgphically
located (Local or International). Finally, firms were askéo clarify the type of relationship
between their firm and each source of knowledgé¢ they use(Formal transaction-based or
Informal not involving transactions). Using thedtrattributes (Importance, Location and Type
of the relationship) we constructed the variablest denote the importance of the knowledge
arising from interactions. For instance, iheernational knowledge transactiofKT) variable
was constructed in the following way: for everye#firm) we added up the scores of importance
assigned to the various sources of knowledge that aquired internationally through
transactions. All the relations between firms amdu®, New Personnel, Customers and Suppliers
were classified as formal. Even though user-prodinteraction is not a strictly transaction-based
relation, still the knowledge flow between a firmdaits supplier or customer is the result of a
formal market transaction and thus it is treated pscuniary knowledge flow. In contrast, all the
relations between firms with Competitors are infalnand thus considered to give rise to
knowledge spillovers. Likewise acquisition of Electic Information is generally for free and
thus considered as a spillover of knowledge. Rmahe relation of firms with other Vertically
connected firms, Consultants, Research Institutésiyersities, Innovation Centres, Sector
Institutes, Exhibitions, is ambiguous. For examgleme firms form alliances in a formal way
(i.e. by sharing R&D outcomes) while others keepnthinformal (i.e. by sharing information
regarding problem solving activities). Knowledgattfiows between these sources of knowledge
and the firms can be either transaction-based aw. ff herefore, the type of knowledge flow
between these sources of knowledge and the firras/éor each case. Thus we classified them on
a case by case basis. Each variable has a ramgeOfito 52. The maximum value of the IKT
variable for instance, would be 52, if a respondsatild give the value of 4 to all thirteen
sources of knowledge, all of which are acquiredulgh market transactions from abroad.

2 An education index has been constructed, bas@deoabove information, which indicates the
educational level of the employees of every firrheTeducational index is constructed based on
the characteristics of the educational system dinLAmerica and of the software sector. For
each firm, the percentage of the employees withatiocal education is multiplied by 3. The
percentage of employees with BSc is multiplied byl'Ben, the percentage of employees with
MSc is multiplied by 7 and finally, the percentagfeemployees with PhD is multiplied by 11.
The aggregate of all these scores denotes the t@digherage educational level of the employees
of the firm.

¥ When for example 100 percent of the employeesfifrahave a BSc, a score of 1 is assigned
to this firm. If, on the other hand, a firm consisif 50 percent of employees with BSc and 50
percent with MSc, a score of 2 is assigned tofihat Finally, if a firm consists of 30 percent of
employees with vocational education, 40 percenti BiEc, 20 percent with MSc and 10 percent
with PhD, a score of 4 is assigned to that firm.

4 An experience index has been also constructeedoas the aforementioned information, which
indicates the weighed average years of experiehttee@mployees of every firm. For each firm,
the percentage of the employees with less than thacexperience is multiplied by 0.25. The



percentage of employees with 6 to 12 months of iempee is multiplied by 0.75. The percentage
of employees with 1 to 2 years of experience istipligd by 1.5. The percentage of employees
with 2 to 4 years of experience is multiplied byr®d finally, the percentage of employees with
more than 4 years of experience is multiplied bigare in a range of 6 to 12. The aggregate of
all these scores denotes the weighted averageienpeievel of the employees of each firm.

® The same methodology as for the construction dJ EPAR is used for the construction of the
variable EXPER_VAR_Y

® A second experience index has been constructestdban the above information, which
indicates the weighted average number of firms lictv the employees had worked in the past.
The percentage of the employees with no previoperence is multiplied by 0. The percentage
of employees with previous experience in 1 or ehéiris multiplied by 1.5. The percentage of
employees with experience in 3 or 4 firms is miuikigh by 3.5. The percentage of employees with
experience in 5 or 6 firms is multiplied by 5.5dafinally, the percentage of employees with
experience in more than 6 firms is multiplied byTée aggregate of all these scores denotes the
weighted average experience level of the employdethe firm in terms of the number of
previous occupations held by them.

" The same methodology as for the construction A AR is used for the construction of the
variable EXPER_VAR_F.

8 Software firms only develop a few products. Thitovative efforts result in new versions and
variations of these products which address ememiaidet and technology trends.

° This refers to the impact of internal learning hamisms or absorptive capacity upon the
external (to the firm) mechanisms of knowledge flawe impact of LKS upon innovative
performance; and finally the direct or indirect mepof LKS upon economic performance.



