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Size, competition, and innovative activities. a
developing world per spective
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United Nations University (UNU-MERIT)
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Abstract

The impact of size and competition on firm-level innovatie®viies has obtained considerable attention
in developed countries, but the focus is still lacking in dguab world. This paper is an attempt to
contribute in this direction by including 14 Latin American countries, andihg &nterprise Survey data
of the World Bank. We consider both input and output innovation terebghe influence of firm size
and of market concentration on innovative activities, and triogate the differences in influences of
innovation determinants in different size classes and competition statuse

Our analysis reveals that employment increases the likelihb&&D and product innovation, and its
influence on R&D expenditures is positive but at less than proportionatéVatfind that product market
competition increases the probability of both R&D decision and infmsvautput, but it has no influence
on R&D intensity. We observe no relationship between R&Dergdjiures per employee and product
innovation. Country and industry differences also contribute sulmtgntowards firm-level R&D
activities and product innovation. Moreover, large or small imhe no tend to be advantageous for
employment and competition in order to influence R&D activities; évaw, for product innovation,
competition is a more significant stimulus for large firms compared tt enes. Our results suggest that
firms’ R&D productivity is independent of size classes amdhpetition environments. All of the
determinants (of innovation) are jointly observed to have diffezéfacts, for large and small firms, as
explanatory factors of both R&D intensity and product innovatiomd &r different competition
environments only for product innovation.

JEL classification: L11; L12; L13; 032
Keywords: R&D; Product innovation; Firm size; Pratimarket competition
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1. Introduction

Innovation is pervasive in every aspect of life, but its importdoremmmes clearer still when
observed in the context of economic growth. It is considered to be astidiit influential
determinant of business growth (Rogers, 2004) and economic developnagetrb@rg &
Srholec, 2008). Innovative activities have been widely studied atrthedvel, and a mass of
research is available to interrogate the explanatoryr@aivhich arguably influence firms’
decisions concerning innovation (see for example, Freitas, Clausatang, & Verspagen,
2011; Evangelista & Mastrostefano, 2006 for developed countries; Ayy&gamirguc-Kunt, &
Maksimovic, 2007 for the developing world). Two contributing factorsnabvative activities,
among others, could be firm size and market concentration, and scholarbden trying to
reach a general consensus on the debate whether Schumpeter'segading these two
characteristics could be corroborated or not. In the 1960s, scholars #ikefiéd (1963),
Hamberg (1964), Scherer (1965a, 1965b, 1967), and Comanor (1967), to name attv, sta
their work in order to investigate the so-called Schumpeter hgpist regarding industrial
innovation, which can simply be explained as: (1) innovation and firm aieepositively
associated (and more strictly “innovative activities increaseerthan proportionately with firm
size”); (2) innovation thrives in monopolistic markets.

A key way to interrogate such relationships is to measure inoof;adind researchers have used
inter alia R&D-related measurements (Cohen, Levin, & Mowery, 1987; Lunn & Martin, 1986)
patents (Arvanitis, 1997), and a number of innovations (Acs & Audretsch, P@8itt, Robson,

& Townsend, 1987) Broadly speaking, we can distinguish these measurements asimputs
the innovation process, and innovation output¥/hen considering the stricter version of
Schumpeter’s hypothesis on firm size — more than proportionate sedreanovative activities
than size — the literature favoured mostly a less than proportimtaéase (Lee & Sung, 2005;
Santarelli & Sterlacchini, 1990), with some strong opposite voicewedls (Soete, 1979).
However, researchers in general seem to agree on a posipaeti of firm size on both
innovation input and output. For innovation output, however, we can even find a negative
relationship (Hansen, 1992; Stock, Greis, & Fischer, 2002). The reas@udoran inverse
relationship between size and innovation output could be explained bynthegé of Acs &
Audretsch (1991a) who contended that although large firms are moreiR&i3ive, their
R&D productivity diminishes with firm size. Regarding competiti the most-established
phenomenon — for both input and output innovation — is the inverted-U relationshipingnply
that neither monopoly nor perfect competition is conducive to innovativetiast but the

20One of the major reasons, of course, for the fiskfferent measurements of innovation can be érpthby the availability of
the relevant information.

P A brief overview of the literature of the size-dwation and the competition-innovation relationshig discussed in Acs &
Audretsch (1991b). A comprehensive review of thiti@enship of size and market structure with inroxe activities is

available in Kamien & Schwartz (1982) and, mowerdly, in Gilbert (2006).

¢ Patents sometimes are avoided to be used as putaneasure and are criticized because of thewiilp reasons: (1) All
inventions are not patented; (2) All Patents cawtlbe commercialized; (3) Industrial differenceseist in patenting activities;
some technologies have more propensities to bateat¢han others.



suitable market structure is the moderately competitive mapkghion, Bloom, Blundell,
Griffith, & Howitt, 2005; Scherer, 1967).

One common parameter of all of the above stated outcomes igitieigence from the studies
of developed countries. So far, a minuscule amount of research hasldoee with particular
reference to developing countfledhis paper is an attempt to move forward in this direction,
and to probe any possible difference of the effects of firm amrkof market concentration on
innovation when input and output proxies are considered. Moreover, we drentjyare the
findings of developing countries — particularly Latin America — witlose that are well-
established for developed countries. The motivation for such a comparispohbserve whether
any differences at the input and output stages of innovative actieiiss both within our
dataset and for our data compared to developed world outcomes. We wiesdeddd do such
a comparative study because we believe that developing courdxsiesldss formalized R&D
structures, less knowledgeable workforces, and relatively grésftaence of bureaucratic
hurdles; and all these shortcomings inhibit firms from producing ept®&.D results. Thus we
can expect differences between firms’ adherence to R&Dvigesi and their performance
concerning product innovation. In addition, we explore what pattern ofdsfierences exists (if
it exists) for different size classes and market competittmir@anments. Hence, by following
Acs & Audretsch (1987, 1988), we analyse whether the influence eihtdaants of innovation
(input and output) differ in small and large firms and extend sudmgarison also to different
competition environments. To our knowledge, research has not so far inclulligdencountries
in size-innovation and competition-innovation studies. Our analysis includesuntries,
which gives us the opportunity to seek whether country-specdiorfacontribute towards input
and output innovative activities and how such contribution behaves in dtffiema sizes and
competition statuses.

Our results for the size-innovation relationship are consistent diéveloped countries
outcomes, since we observe that employment increases the likelihde&Dpfand product
innovation, and it increases the R&D intensity at less than propadiaiade. Regarding
competition, we observe the refutation of the Schumpeter hypothedisl@ no indication of
an inverted-U relationship) because our analysis reveals that pratu&et competition
increases the likelihood of R&D decision and product innovation, and we findlateonship

between competition and R&D intensity. Our analysis produces tististly insignificant

coefficient of the relationship between product innovation and R&D expeeslipar employee,
interestingly suggesting that firms do not rely on their R&Divdes to produce product
innovation. We witness the significance of country-and industry-Bpetiaracteristics in order
to explain both input and output innovations. We notice that the effectsygbyment and
competition do not differ significantly in small and large firmorder to explain R&D decision

4 The possible reasons might be the non-availahifitgataset, and carelessness at institutionalirigtidual levels to fully
understand the needs of innovation for economiwtro
© Details will be in section 3.



and expenditures. Moreover, large-and small-firm employment adaimot differ as a
determinant of product innovation; however, competition is a more importamilss of
product innovation for large firms than small units. Our results sti@aw both exports and
imports have a significantly positive impact on R&D activites! product innovation, and large
firms’ trade orientation (both imports and imports) has a mageifsiant impact on R&D
intensity as compared to small firms’ trade. However, onlyelaigporters have a more
significant influence on product innovation as compared to small ones. Gamatrindustry-
specific characteristics play significantly different solen small and large firms for R&D
intensity, but not for innovation output. Moreover, country and industryrdiftees have no
relative advantage in one competition environment or the otherirfos’ fR&D activities.
However, for product innovation we notice significant difference in imghspecific
characteristics while observing different competition statuses.

This paper is organized as follows. Section2 provides the short oveofive studies of the

relationships of innovative activities and their potential determin&ata description and some
summary statistics are discussed in section 3. Section 4 dém@atsethodology and empirical
results with discussion. Section 5 concludes the paper.

2.  Firm size, competition, and other control variables as determinants of
Innovative activities

2.1. Firmsize and innovative activities
The size-innovation relationship has been investigated rigorously intordbserve whether the
Schumpeterian perspective of advantage of large firms existsadvantage of economies of
scale in R&D activities considers perhaps the most strikingnaegt in favour of large-sized
firms. Large research groups can provide an environment to engdgeoevit colleagues, to the
division of labour according to their expertise and, as a consequernpeyarthe individual’s
productive performance. Moreover, large-sized firms have more chendegersify their R&D
activities in order to get more beneficial results (KamieScaawartz, 1982). It is further claimed
that large firms have substantial funds to invest in innovatiorecklattivities, and they have
opportunities to access to wider range of knowledge. In large fR&B), activities could be
more productive due to the complementarities with other nonmanufagtprocesses. The
contrary arguments can also be observed in the literature ofzxénsbvation relationship.
Bureaucratic hurdles created by innovation-hostile culture of theapedare considered to be a
drawback of large-sized firms. The rewards/incentives of innovattgities are less likely to
be directly related to individuals in large firms; therefoneytare relatively less motivated for
innovational activities as compared to small ones. Holmstrom (1989)datigag due to their
existing reputation, large firms are highly risk-averse tbank on innovative activities, but the
situation is less severe in small firms. Audretsch & Viva(@B®96) asserted that small firms are
more capable to harvest benefits of R&D spillover from outside ithe fn particular from
universities.



On empirical grounds, the size-innovation relationship studies tritmtos on linear as well as
non-linear (if possible) impact of firm size on innovative actgtiFor the case of a non-linear
increase, the studies produced mostly less than proportionatesen¢f@aexample, Lee & Sung,
2005; Santarelli & Sterlacchini, 1990); however, we can also find storwgs in favour of
more than proportionate increase (for example, Soete, 1979). In gbwoaraler, there seems to
be a virtual consent that firm size and innovative activities hapesétive association. The
calculation relies both on input and output measures of innovation. For innovagot) i
Hamberg (1964), by using only large U.S. firms foftune 500, concluded a positive and
significant correlation (.69) between R&D employment and employmend a positive and
significant correlation (.55) between R&D employment and as$ées.general conclusion of
Scherer (1965a) was that the R&D employment increases wihupizo a threshold level of
$500 million, and declining tendency sat in afterwards. At industmgi,léne observed virtually
similar findings except chemicals which showed increasing teydémoughout the sales
volume. Bound, Cummins, Griliches, Hall, & Jaffe (1984) observed that Itie ©f the
regression equation of logarithm of R&D on logarithm of saleslase to unity, implying a
positive relationship between R&D activities and firm size. Thweynt further to analyse the
nonlinear relationship and concluded that both small and large firrmaeR&D intensive as
compared to medium size firms. For developing countries, KumaadghS1996) concluded
that likelihood of R&D activities has an inverted-U relationshighwirm size; however, R&D
intensity and firm size has a linear, positive relationship. Inpdwicular Latin American
context, Braga & Willmore (1991) showed, for Brazilian firmsttiran size (measured by the
average value-added of the firm for fiscal year 1978-80) increasesdds of R&D activities,
but such effect is rather small, although significant. For ChidmaBente (2006) concluded that
firm size is a significantly positive determinant of the prolighib engage in R&D activities; he
did not find any link between size and the amount of R&D expenditures relative to eeglay
terms of an output measure, Scherer (1965b) concluded that patentetbimsverdrease with
firm sales at less than proportionate rate. Santarelli anda&temi (1990), using the
percentages of innovative firms corresponding to the number of empldgedtalian firms,
came to the conclusion that innovation activities increase withdize but such increase does
not faster than firm size. Henderson and Cockburn (1996) empinmalNyed that large firms are
better to produce patent outputs, while observing pharmaceutical industgrdfig to Acs &
Audretsch (1987), large firms have innovative advantage in capital-megrgincentrated, and
advertising-intensive industries while small firms are in anaathgeous position in the
industries where high share of skilled labour required and which btatesely high proportion
of large firms. Innovation output also produced negative relationship uithsize (Hansen,
1992; Stock et al., 2002) and it is often argued that R&D productivityedses along with firm
size (Acs & Audretsch, 1991a). In case of developing economiesit¢heture has observed
positive relationship between firm size and innovation output (de Mel,e¥zi€, & Woodruff,
2009 for Sri Lankan firms; Benavente, 2006 in Latin American context (Chileas)¥irm



2.2. Competition and innovative activities

There have been numerous debates to investigate whether monopoly ptlewideasummate
milieu to thrive innovation or not, and we can find both favourable and unfaveuwabhs. The
firm realizing extraordinary profit through the possession of monopolyer is in a better
position to finance research internally in order to avoid the diséaxuts technological secrets,
thereby hires more R&D personnel and strengthens its R&D degatrtit is further claimed
that a firm enjoying monopoly power through being to introduce ceptaiduct into the market
(in terms of, for example, patents, trademarks) have an advantggesitisn over its rivals. A
monopolist firm’s reaction against new innovation will be nimble, angill endeavour to
control the market again by improving its old product or by introdusiome new product, in
order to retain its monopoly profit. Although the industrial orgaromatiterature provides
arguments in favour of increased market concentration, we sannatice the opposite. If a
monopolist firm earns enough profits already (especially thrangbvation), it will show
sluggish behaviour towards innovation and will not be eager to promote innoessvas
compared to new entrants. This sluggishness is more inhospitabdeHaplogical development
when the monopolist firm raises huge non-technology-intensive entrgrsafadvertising and
capital, for example) and wants to retain the status quo.

On the empirical front, similar to the size-innovation relationship jipact of monopoly power
has been studied by using both input and output inventive activities. Is ¢énimput activities,
although Scherer (1967) found a positive relationship between innovative a{ivigasured by
employment of scientists and engineers) and market power up twmmnicentration ratio of
almost 55%, he also found disadvantage of market power when concentridi@xcaeds 55%,
implying an inverted-U relationship. Levin, Cohen, & Mowery (1985) sagbus doubts on the
notion that market concentration increases innovative inputs, after violgséne inverted-U
relationship between R&D intensity and four-firm concentratioroydtowever, significance of
such relationship disappears when they included some other vamalales to technological
opportunity. Hamberg (1964) found a weakly positive correlation between R&Dmarket
concentration. Subodh (2002) observed that market concentration has no influetioe on
decision to perform R&D and on R&D intensity for the Drugs and rphaeutical and
Electronics industries in India. For an output measure, Acs & Aschgtl988), used a more
direct measure of innovative activity obtained from the data gath®y the U.S. Small Business
Administration, concluded that number of innovations in 1982 decreased witlouérm
concentration ratio. However, Blundell, Griffiths, and Van Reenen (199@rted that the
numbers of innovations successfully commercialized by UK firetsvben 1945-1983 (SPRU
dataset) are positively associated with competition. Tang (2686¢rally found a positive
relationship between competition and innovation. Similar to commonly olosénaings for
innovative inputs, an inverted-U relationship is found to be a generakpditétween market
competition and innovative output (Aghion et al. 2005, for example).



2.3. Other control variables
To observe the innovation phenomenon more intensively, and to obtain more roblist nes
include several control variables in our regressions. The contiabies in our study are export
intensity, import intensity, foreign ownership (foreign owners have ntose@ 10% of the
company’s share), age of the firm, percentage of unionized andiskiikforce, and education
of production workers.

The impact of a firm’s trade orientation on its innovative performdras been studied many a
time in scholarly works of innovation determinants. Pla-Barberd&gfe (2007) found a positive
relationship between innovation outcomes and export intensity for Hrreratechnology
industry. For developing countries, export is often observed to be condociveovative
activities (see, for example, Braga & Willmore, 1991; Subodh, 2¥er (2009) used 43
developing countries and showed that firms’ trade (both import and gkpsrsubstantial effect
on their innovativeness. Regarding foreign ownership, Dachs, Ebersh&rigédf (2008), by
using the community Innovation Survey in five European countries, enilyirfcaind that
foreign-owned firms do not have any positive influence on their @ecisi adopt innovation
activities; in effect, they observed a negative relationship for(Austria and Norway) of these
five countries. Moreover, they were also unable to find any oelstiip between foreign
ownership and innovation expenditures but Norway (negative relationship.dgawever, they
concluded that foreign ownership increases the firms’ innovation oukgepe Austria. For
developing countries (case of Brazil), Braga & Willmore (1991) skHoavpositive influence of
(more than 10% of) foreign ownership on five different input and output itinavactivities;
however, the relationship was insignificant for R&D expenditures. Wdwk of Hansen (1992)
by using National Science Foundation (NSF) dataset revealeiitthatge is inversely related to
innovation, while Radas & BoZi(2009) demonstrated that firm age has no influence on both
product and process innovation for the Croatian firms. Leiponen (2005}edsseat highly
educated workforce in a firm is significantly helpful for itmovative activities. Moreover,
Radas & Bo4i (2009) found a positive relationship between education level and radicaigbr
innovation; however, they did not find any relationship of education with gsoiceovation.
Acs & Audretsch (1988) found that innovation is negatively related to umitbtmiz and the
relationship between skilled labour and innovation is positive.

3. Dataset description and summary statistics

The dataset used in this research are obtained from the Emte3prigey (Investment Climate
Survey) conducted by the World Bank in 2006 and cover the detailed busivessmment at
the firm level. More specifically, we use only manufacturing sector companfiek4 Latin
American countri€s which cover 8 two-digit (ISIC Rev. 3.1) industrial sectosss usual with

 The detailed information of the Enterprise Sureag be seen &ttp:// www.enter prisesurveys.org.

9 For details of countries, see Table 1. Althoughhaee 14 countries, the survey with homogeneoustimumaaire was launched
in all of these countries, which precludes any sirbias attributable to the aggregation of rekdiivmismatched survey
questions in order to get unique information.

" See Table 2 for details.



firm-level survey data, after cleaning for missing observationfliers, and non-responses we
are left with 6917 firms. The maximum fraction is covered bgxMan firms (16.78%), while
Panama contributes the least with a representation of only 0.03%lawé use both input and
output measurements of firms’ innovative activities. Besides R&&ted activities, the survey
includes information whether firm is a product innovator or not whichxisaeed from the
following question:

During the last three years, did this establishment introduce into the market any
new or significantly improved products?

[Please insert Table 1]
[Please insert Table 2]

Table 1 and 2 report the summary statistics of R&D actividied product innovation for
countries and industries respectively. According to Table 1, Boliviars fare the most often
product innovators, 75.75%, followed by Argentina having slightly below propatafb.27%;
Mexico is observed to be the least one with 34.58% of firms are eeptot be product
innovators. In case of R&D, Argentina stands first with 49.77% ofsfiame engaged in R&D
activities, followed by Ecuador, 49.30%. Again, Mexico has the minimureptage of R&D
performing companies. Moreover, we also observe the average Rgéndiures of R&D
performing firms to get more rigorous picture of R&D actigtia different countries. It should
be emphasized here that all pecuniary-related information iruthieyswas gathered in terms of
respective currency units of each country. To achieve homogeneitgomnvert them into USD
using corresponding annual average exchange rates downloaded froreohhDataStream. Al
monetary variables were measured for the one year precedirsyrirey. Therefore, the year
2005 is used to calculate exchange rates since the year of condiwovey was 2006. The
statistics reveal that, among R&D performers, Colombia spengsnma annual average R&D
expenditures amounted to $142.98 thousands, and Paraguay is at the bottonrrimg itica
amount of $24.51 thousands. By considering the summary statistics plasehable 1, we can
argue that differences in countries’ innovative activities (eithput or output) are observed
considerably. These differences are consistent with the findingsespi & Zuiiga (2010): they
studied six Latin American countries (5 of them are also includedur study; the only
exception is Costa Rica). Regarding industries, Table 2 discthae chemical industry has the
maximum percentage of product innovators and R&D performers as 72.77%328iPo
respectively, whereas electronics happens to be the minimum-inrovadostry with 37.50%
of product innovators and 18.75% of R&D performersSimilar to countries, disparity
(attributable to the technological opportunities) in industries iergbd. Although country and

"'Since Electronics is a high-tech industry, these percentages are somehow surprising. One possia®n could be very
limited number of observations (approximately 1.26%total sample) for this sector in order to assB&D and product
innovation. If we have more information, the resuttight change.



industry differences are observed descriptively, we will iogate such discrepancies more
rigorously by including their dummies in the regression analysis in the subseegctent.s
[Please insert Table 3]

Table 3 provides the summary statistics of product innovation and &&ilities in terms of
firm size and competition. It should be emphasized that, in ordeysterve market competition,
we do not use traditional measures such as concentration ratioeamet index, but we are
inclined to follow Tang (2006) and prefer to apply a firm's perogpdf market competitidn
We are observing innovative activities at the firm level, sona’d innovation efforts would be
explained more precisely by using measurement directlieckta a firm instead of an industry
as a whole. Moreover, we consider firms with more than 200 emplagdesge firm§ Table 3
reveals that large firms are more often product innovators thafi 8rms. In terms of annual
average R&D expenditure (for R&D performers only), large fispend $434.79 thousands,
which is significantly higher than small-sized establishme$85.02 thousands. These huge
differences, between large and others, disclose the fact thatflams spend relatively quite a
bit expenditure on R&D activities. Large firms are 19.55% morengfteduct innovators than
small ones, but such difference is 34.24% in case of R&D perfornteeseTindings conform to
the notion which is already established for developed countries &t Rderestimates the
innovative activities in small firms (Archibugi, Evangelista, a®ionetti, 1995), and we
believe that such underestimation would be more severe for developing countriesehEcéess
formalized R&D structure, particularly for small units. For gatition, low competition has the
highest proportion of product innovators, and slightly below is the propodforigh
competition. For monopoly and duopoly, the percentages of innovatorsatreetglbelow than
that of low and high competition, but quite close to each other, withinadly less for duopoly.
In terms of R&D performers, low competition again has the imam proportion of R&D
performers, followed by high competition while monopoly has the minipercentage of R&D
activists. The statistics for R&D expenditures reveal thatdidoing their business in highly

I It was asked to the firms to give informationasding the number of competitors they are facinghin main market where
they sell their main products. See Table 4 for dpsons of the competition-related dummy variabiesare using in this paper.
K Until now, no clear-cut threshold has been defitednake distinction between small and large firarsg most of the size-

innovation relationship studies relied on the aabit size classification. We adopt unique thresladl@00 employees for whole
of the countries in our data set. Another poss$jbdould be to use non-unique threshold level fffecent countries; we also try
it and determine the size classification as follow® observe that, as a whole, the employment 0f(@0r unique threshold) is
at 90.%" percentile. We extend the threshold of §0gercentile to each country and find different emgpient values to be
considered as small and large firms for differesirtries (see Table A.1 in appendix). The reasoy w prefer to use unique
threshold is our understanding that it is unjustifio pool a firm with very low threshold, for emple, 90 employees in case of
Nicaragua, with a firm having very high threshady, 340 employees for Argentina, in order to malggoup of large firms. It
could be argued that non-unique threshold would gausible choice because each country has itsioerstrial structure,
which could affect firm size in a way to be condwcto one particular size or the other. It is ddvafgument in its own, but it
does not mean that the behaviour of a firm witly, 80 employees in a pro-small firm size countilf ke different than a
same- sized firm in a pro-large firm size counjagt because of specific country’s industrial stuoe. Having said that, it is
very hard to decide an appropriate threshold; hewewve get support from our above stated argumeshipaefer to use unique
threshold.



competitive markets need to spend significantly more annual avB&Deexpenditures than
that of all other competition statuses. In general, these sunstaistics suggest that, contrary
to the stand of disciples of Schumpeter, competition propels firnto tR&D and product
innovation. These findings are simply based on summary statisiersfdre, at this stage of our
analysis, we are reluctant to completely stick to them. To éaitgprehend such relationship, we
shall explore such phenomenon more extensively in next section by using regredgsia. ana

4. Regression
Besides descriptive analysis, we observe the results mam@ugly using regression. Table 4

provides the detailed information (labels and descriptions) of variaisked in our regression
analysis.

[Please insert Table 4]

We have already viewed country -and industry - specific diffeemcTable 1 and 2. To capture
heterogeneity caused by these differences, we include dummablesrifor countries and
industries in our regression models. The reference categoriesMargco and other
manufacturing for countries and industries respectively. The introduction of iésrafeo allows
us to probe intercountry and interindustry differences in their adhetenR&D activities and
product innovation. Our regression equations also include dummies for dempstatuses
taking high competition as a reference category. In addition to that, coniedlleardiscussed in
the subsection 2.3 are also included in order to explore the innovative phenomeren
extensively. We use (log of) employment as a measurement of size.

Table 2 has given us the information that only 35.61% of the firms &i@ performers,
implying that the R&D intensity variable includes a whole bunclkerbs (if we replace zeros
for non-R&D-performers), and continuous data only for 35.61% of the fimmich case , OLS
regression of R&D intensity would provide misleading conclusions Iseciauelies only on the
firms with positive amount of R&D expenditures, and ignores the bulkfofmation since they
are unavailable for rest of the sample. In what follows, it igequnrealistic to extend the
empirical evidences obtained from a selected portion of a saimplee whole population.
Hence, we use Heckman selection two-step procedure in order td #w®ierroneous
conclusions attributable to such sample selection bias.

4.1 Heckman selection mode

Heckman selection model rectifies selectivity bias by introdudwo equations commonly
known as selection equation and outcome equation. Firstly, selectionoagestimates the
relationship of the R&D determinants on firms’ selection to perf&&D, and is estimated by
probit regression (because of the binary nature of R&D decision \griébthe second step, the
outcome equation describes the influence of explanatory variables on iR&bsity, after
incorporating the selectivity problem.

10



Supposd®RD, *is the unobserved utility difference, fdgh firm, between R&D and non-R&D,

and X;; is a vector of determinants influencitig firm’s R&D decision, then:
RD* =x; B, + & (4.1)

The all we know (i.e. 0 & 1 for R&D decision variable) follows the decision rule:

RD, =1 if RD,*>0
_ (4.2)
RD, =0 if RD,*<0
where RD. is (dummy of) R&D decision foithfirm. Moreover,
RDI* = X3 B, + &, (4.3)

where RDI, *is the observed value of R&D intensity fdhfirm, which is some positive
amount ifithfirm is R&D performers, and zero otherwise, i.e.

RDI, = RDI, * if RD, =1

, (4.4)
RDI, = 0(assumed) if RD, =0

X, is a vector of all determinants possibly influencitigfirm’s R&D intensity. Note that egs.

(4.1) and (4.3) also include random error terms, which jointly follow disgributional

assumptions:
£ NID (Oj 0.12 oL,
Eyi 0/’ o, 1

Heckman selection model corrects the selectivity bias andats8nthe conditional expectation
of R&D intensity as:

E(RDI; /RD, =1) = X5 B3, + 0:,A(X5 3,) (4.5)

where A, called the inverse mills ratio, is obtained @, 53,)/®(x;, 53,) , ¢(.) and ®(.) are

density function and cumulative distribution function of a standard nowmiitibution
respectively.

We consider both innovation input and innovation output. For innovation output, we have a
binary response variable which calls for the probit model.

4.2. Probit model

Since the only observable information for product innovation is whether the firm innovate or not,

11



we define, for say firm, the unobserved utility difference of doing product innovation and not
doing it as:

PDINN.* =X/ B+¢& , & ~NID (0)) (4.6)

where x, is a vector of all potential predictors in our regression, whichesghain such utility

differences. A firm will do product innovation, if its utility diffence exceeds certain threshold
level, and we assume such threshold level to be zero. Hence, the probit model caeasuvritt

PDINN, =1(firmisa productinnovator) if PDINN,* >0

4.7
PDINN, = O(firmisnot a productinnovators) if PDINN.*<0 (4.7

4.3. Empirical results

The results of Heckman selection two-step procedure are depictable 5 by using LRDI as a
dependent variable. The variable selection for the vexjansd x,, is a very critical aspect of

the application of Heckman selection model. Our likely explanatioaxtlude FIXED from
outcome equation is that it is a variable that shows improvementfinna infrastructure
(machinery, equipment, etc.), which is one of the basic neceds#iere a firm decides R&D
activities. Secondly, in developing countries R&D is not a firnrst £hoice; however, when it
perceives that it has a sufficient infrastructure to stauR&D activities, it decides to perform in
order to obtain optimal results. So, we anticipate a positive irdtuei FIXED on R&D
decision, but it seems less likely to have an influence of FIXED on R&D budgeatatin.

[Please insert Table 5]

Another advantage of Heckman selection model is that it providesatinework to analyse the
determinants of R&D decision (column 2 of Table 5) and the influentteesé determinants on
the actual R&D expenditures (column 1 of Table 5). The significance mfovides an empirical
support to the use of Heckman selection model. Moreover, the Wald chhe stpears highly
significant, implying that model as a whole (with referencertly the intercept) provides a good
fit. In line with the well-established notion for developed worlde dias significantly positive
impact on firms’ decision to do R&D, and it increases R&D experabtlbut at less than
proportional rate. Regarding competition, our results indicate tmag’'fiR&D expenditures per
employee are not influenced by any form of market competitioh c@hpetition-related
dummies are insignificant). However, we find that competitive preskas an influence on
firms’ R&D decision (although a negative coefficient of DUGPsignificant at 10% level, the
coefficient of MONO, though insignificant, also has a negative)sigtthough we have
competition-related variable in discrete form, our results hint lbseree of inverted-U
relationship between R&D and competition. Trade orientation (both eapdrimport) increases
both the likelihood of R&D and R&D intensity. However, such signifieaiscmore vital in case
of R&D decision. Firm age has no influence on its R&D decision,itburicreases its R&D
intensity at 10% level. Our results reveal that percentagenwhnized workers and skilled
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production workers have no influence on R&D-related variables. Atdiiesice it could contend
that skill has a positive influence on R&D activities, but the frdniof insignificant coefficient
is that in our dataset skill is a production workers professionlwkich is quite different from
the scientific and technological knowledge of the workers. Qirse, the advantage of
professional skill is to implement production process efficientlyt it does not have a
significant influence on innovativeness. We observe that foreign shipenas no influence on
firms’ R&D decision, but it increases the R&D intensity, and atioa, quite intuitively,
increases probability of and expenditures on R&D activities. Sintdatrade orientation,
significance of education is more vital in R&D decision. Finalyse firms that purchase fixed
assets have significantly more chance to perform R&D. Wald tas overall significance of
countries and industries show that country- and industry-specifiaatkastics are jointly
significant in order to explain both types of R&D activitie®({Rdecision and expenditures).
Table 6 shows the results of probit regression on product innovation.

[Please insert Table 6]

We run two probit regressions by excluding and including LRDI as a determin@bildiN, and
the results are shown in column 1 and 2 respectively. Our obj¢ativelude R&D intensity as
an explanatory factor is to observe the effect of R&D on firmsdvation output. To control for
endogenous nature of R&D intensity in PDINN equation, we prefer toansmstrumental
variable for LRDI which will be arguably correlated with DRand uncorrelated with the error
term of PDINN equation. To serve as an instrument, we use medialues of LRDI, which are
obtained from the Heckman selection model in Tabl&l6te that most of the results in column
1 and 2 are same. Significance of model as a whole is confirmédebljkelihood ratio test.
According to Table 6, firm size and product market competition iserg¢he likelihood of
product innovation. The comparison of the relationship of competition and innovatjout out
with those that are observed for R&D intensity reveals thatsfirely more on product
innovation as compared to enhance their R&D expenditures, in order tratcoompetitors.
The reason might be that firms’ perception of controlling of protharket by their competitors
(because what we mean by competition is product market competleonands a prompt
response towards product innovation, and it can be done by relativel\R&3sntensive
activities like slight modification of existing product or intiten of developed world innovation.
Interestingly, our results reveal that R&D intensity does heote any influence on product
innovation. Similar to R&D determinants, exports and imports iner¢as probability of
innovation output. These findings are in line with the general agredhedntrade orientation
would induce firms to innovate. We witness that firm age, foreigneoship and workers’ skill
has no influence on the likelihood of product innovation. Recall that firnaumty has a

' Note that by including predicted values of LRDE are able to use substantially more observatiompared to actual values
of LRDI. To obtain the predicted values of LRDIlethxplanatory variables used are same, except FIX4Elb the predictors in
the probit regression of PDINN (column 1 of Tab)e Bherefore, to avoid the possible multicollingafand, in turn, to use the
predicted values of LRDI as a valid instrument, exelude some of the controls from the probit regjmes of PDINN, which
include LRDI as one of the predictors (column Zable 6).
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positive impact on their R&D intensity, but in case of innovation outputightioe offset by the
innovative efforts (at the innovation output phase) of relatively youngsfiwhich they have to
do in order to encounter the threat of their exit exerted by thature rivals. As expected,
education is a significantly positive determinant of the firotgince of product innovation. Our
results show that the probability of product innovation increases withpéneentage of
unionized workers. Similar to R&D activities, country and industry diesrhave a significant
impact on product innovation, implying that intercountry and interindustifgreinces play
important roles in firms’ achievements towards product innovation.

We explore further the innovation phenomenon in small and large firmasanthe interaction
terms of the dummy of large firms (LARGE) with all expleorg variables (including country
and industry dummies) used previously. Table 7 shows the results ofetikenbin selection
model, after including interaction terms.

[Please insert Table 7]

Again, the significance of goodness of fit test, and especiallly pEorroborate our choice of the
Heckman selection model. Since all variables are interactedlARGE, the by-product is that
the coefficients which indicate the main effects (the caefiis of variables without interaction
terms) provide the information of the behaviour of these variablesah ms only. We do not
go in details to discuss the variables in small firms only becaus objective to use interaction
terms is to explore whether the effects of innovation determimntemain the same in small
and large firms or do nBt The significant negative coefficient of LARGE for R&D intdysi
indicates that small firms spend more R&D expenditures per gemlihan large firms. Recall
that the summary statistics in Table 3 revealed that langes fare more R&D intensive. The
joint interpretation of these findings would be that although lamgesfispend more on R&D,
their expenditures per employee are less than small firmssalso a way to understand why in
Table 5 we find that R&D expenditures increase with size bt tlesn proportionally. The
results in Table 7 reveal that R&D decision is not influencedzsydassificatioh We observe
that the effects of employment and competition do not differ inlsanal large firms both for
R&D intensity and decision, but EXP, IMP and SKILL (although IMPsignificant at 10 %
level) are more significant indicators of R&D intensity inglfirms relative to small ones. All
other control variables have no significant differences in smdllarge firms in order to explain
R&D intensity. Similar to employment and competition, we cannat fany significant
difference in small and large firms if we consider the influence of eanat variables on R&D
decision.

[Please insert Table 8]

™ Having said that, we report the coefficients withimteraction terms and their significance as wHlie interesting readers can
seein Table 7.

" This result is based on insignificance of LARGE aasleterminant of R&D decision. However, in Tablew® note that
employment itself is a significantly positive deténant of R&D choice.
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We also observe such differences (between small and lamg® fior innovation output (product
innovation in our case), and the results are reported in Tabl8ir@ilar to Table 6, we run
regressions with and without inclusion of predicted values of LRDI (aeid interaction with
LARGE)P. It is again visible that both regressions provide virtually simiésults. Highly
significant likelihood ratio test indicates the fact that owbgrmodel is an appropriate choice to
explain the product innovation. Contrary to R&D intensity, we do not obsleevegnificance of
LARGE, implying that there is no difference between large smédll firms in explaining the
likelihood of product innovation. Our results reveal that HIGHCOMP ssgaificantly more
important stimulus for large firms than small ones becauseo#f@aient of interaction term of
LARGE with DUOP and with LOWCOMP is significantly negativEhe implication of such
result is that we empirically observe the refutation of Schunipetetion of favour of large
firms in monopolistic environment. In other words, in high product markepetton large
firms are major source of product innovation than small firms. Werebgshat interaction of
LARGE with LRDI produces insignificant results, implying thedntrary to Acs & Audretsch
(1991a) for developed countries, there is no indication of increase oeadecof R&D
productivity with firm size. We also notice that importers’ inflae on probability of product
innovation is more significant in large firms relative to snoalés. We have already established
in Table 6 that importers are significant determinant of product itiooyabut large firms
provide relatively better environment to utilize these imports tdsvéine product innovation.
Another significant (and positive) interaction term is for SKILimplying that although
percentage of skilful workers in explaining product innovation i#f itsgignificant, its influence
is more important in large firms relative to small estéipfisnts. All other interaction terms
produce insignificant coefficients, suggesting that the behaviaesodf the control variables is
almost same for both size classes.

So far, we observe the significance of interaction term&dch predictor (except country and
industry dummies) separately. We also analyse the diffeseincinnovation determinants (both
R&D and product innovation) in small and large firms at aggeetgtel. Firstly, we observe
the overall differences in determinants of innovation in small age eims by investigating the
joint significance of interactions of LARGE with LEMP, MONO, DB, LOWCOMP, all
controls, country, and industry dummies, and test the following hypothesis:

1) Ho: Thereis no disparity, as a whole, between the behavior of determinants
of innovation in small and large firms.

Secondly, we interrogate the overall disparity in behavior of detamts, other than countries
and industries, of innovation in small and large firms by observingaihé significance of

° Similar to Table 7, although we do not discussrttan effects in small firms only, we report thewith their significance) in
Table 8 for interesting readers.

P We exclude similar set of controls as in Table/ben we use LRDI as an explanatory variable.

91t should bear in mind that we run two probit esgions: excluding and including LRDI as a deteaminof PDINN. To
observe the overall significance, we stick to threrfer (i.e. first column of Table 8).
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interactions of LARGE with LEMP, MONO, DUOP, LOWCOMP, and @htrols. Hence, for
this purpose, we test the hypothesis:

2) Ho: There is no disparity, as a whole, between the behavior of innovation
determinants, other than countries and industries, in small and large firms.

For RD, the interaction of LARGE with FIXED is also included inhbof the above stated
cases. Thirdly, we also investigate the overall differenceowhtries in small and large firms,
and observe the joint significance of interactions of LARGE witlmtry dummies. Statistically,
we investigate the following hypothesis:

3) Ho: There is no disparity, as a whole, between the behavior of countries in
small and large firms.

Finally, the interactions of LARGE with industry dummies are also obsenedimilar fashion,
and the null hypothesis to be tested is:

4) Ho: There is no disparity, as a whole, between the behavior of industries in
small and large firms.

[Please insert Table 9]

Table 9 provides the significance of the p-values of the Wald tssid to analyse the above
mentioned null hypotheses, both for R&D (dummy and intensity) and product trorovd/e
have already noticed in Table 7 that effect of each predictor dd &&ision is same for both
size classes; the second column of Table 9 also indicatefi¢hdéterminants of R&D decision
jointly do not influence differently in small and large firms eceountries. An entirely
different picture emerges when we consider R&D intensity asht@in significant results for
whole rows of column 1, suggesting that all factors jointly (includingitcas and industries as
well), only predictors (excluding countries and industries), countaes, industries have
different influence in small and large firms. In case of produwbvation, country- and industry-
specific differences do not play different role in small-and l=siged firms. Moreover, all
determinants jointly (for both cases: including and excluding cosname industries) have
slightly different (significance at 10% level) influence madl and large firms. What general
picture emerges from Table 9 is that innovation determinants eatifferently in small and
large firms both for R&D intensity and innovation output, and such diffesesui@emore vital for
innovation input. For R&D-related activities, country-specific cbemastics play substantially
more different role in small and large firms as compared to industry-speltiracteristics.

One of our objectives in this paper is to shed light on the dispariexmfnatory factors of
innovation for different size classes and competition statuses.fdtegrsimilar to interaction
with LARGE, we analyse the interaction effect of different ptoét predictors of innovation
when interacted with competition. Here, we divide our competition ariato two categories:
firms having at most one product market competitor, called non-cormopesihd denoted by
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MODU, and more than one competitor. The Heckman selection &by Rnd probit model (for
product innovation) results including interaction with MODU are degiateTable 10 and 11
respectivel,

[Please insert Table 10]
[Please insert Table 11]

TheA coefficient again favours the Heckman selection model. All intieraterms for LRDI are
interestingly insignificant, meaning that competition does not providefavourable
(unfavourable) environment to any explanatory factor in order tawenfle R&D intensity
positively (negatively). For R&D decision, most of the interactiorss @&gain insignificant;
however, we find two exceptions: AGE and FOR. Both of these varipbdesde significantly
negative coefficients, suggesting that competition is a noticaéibielus for mature firms and
foreign ownership, to be decisive for R&D. For product innovation, sirdldiable 6 and 8, we
run both regressionand again obtain almost similar results. The significant negetietficient
of interaction of MODU with LEMP indicates that employmenra isiore significant determinant
of innovation in competitive markets than monopoly or duopoly. The coeffiofanteraction of
MODU with LRDI reveals that influence of R&D expenditurgger employee) on product
innovation is independent of the competition environments they are manimgaturSimilar to
R&D decision, foreign ownership induces firms to do product innovation mocempetition
than non-competition. Rest of the interaction terms produce insignificant cetSici

In addition to observe the significance of interaction terms of MODU with peeglictor (except
country and industry dummies) separately, we observe the ovegalficeince of these
interactions as we did in case of LARGEo achieve this end, we observe, exactly similar to
interactions of LARGE, the joint significance of: (1) the intéians of MODU with LEMP, all
control variables, country, and industry dummies; (2) the interactiolO®U with LEMP and

all control variables; (3) the interactions of MODU with counttymmies; and (4) the
interactions of MODU with industry dummies. For RD, the intececctf MODU with FIXED is
also included in (1) and (2). Table 12 shows the significance gi-ttedues of the tests on the
above stated interaction terms (and the corresponding hypothesesavengthted exactly in the
same lines as LARGE)

[Please insert Table 12]

For R&D-related variables, all results are insignificant, ymg that all factors jointly
(including and excluding countries and industries), countries, and indudtrie®t behave
differently in competition and non-competition environments. Noteith&able 10 we find two
significant interaction terms when we consider them separdbely,overall insignificance

" See footnote 13 and 15.
®We again exclude same set of controls as in Téahbled 8, for the probit regression including LRBIame of the determinants.
! See footnote 17.
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indicates that the significance of these two interaction t&srewamped by the insignificance of
rest of the variables. In case of product innovation, we find, howshgificant p-values but
interactions with countries. It means that all determinants yo{btith including and excluding
country and industry dummies) and industries have significantlgrdiit influence on product
innovation when there is more than one competitor as compared to abmeosbmpetitor. All
these results suggest that, contrary to the size, for diffe@mpetition statuses, innovation
determinants do not behave differently in order to explain R&Dhgity however, for product
innovation, we observe differences (in influence of innovation determ)navitich are even
stronger than the size.

5. Conclusions

Firm size-innovation and market competition-innovation relationships have beglied
intensively in developed countries, but there remains a clear péarcitye developing world. In
this paper, we try to contribute in this direction by using both input and output innovation.

According to our analysis, the impact of size on innovation shows tiavioer which is similar

to developed countries since we find that employment has a sigtifigesitive impact on the
likelihood of R&D and product innovation, and employment increases R&Dnelkpees at less
than proportional rate. We observe that product market competition isitavgpstimulus for

product innovation, but it has no influence on R&D expenditures per emplayeaedson for

these findings could be that the pressure from competitors in the pnoduket entails an
immediate response in terms of the final product. Since R&Dasgterm process to be fruitful
as an innovation output, firms prefer to combat competitive pressorgthslight modification

of existing products and/or imitation of developed countries innovation, wbidh be achieved
in a relatively short time period and without intensive R&D expenels. Country-specific and
industry-specific characteristics are observed to be signifi@tors of both innovation input
and output.

We find no significant relationship between R&D intensity (R&kpenditures per employee)
and the likelihood of product innovation. Two likely interpretations of $uncting could be: (1)
firms do not have a formal R&D structure (in developing countribs)jeby they perhaps do not
know their exact spending on R&D activities, or what they do knowsis tlean their actual
expenditures, which leads to an underestimation of the significdrtbeir R&D expenditures;
(2) developing countries are more involved in imitation (of developed d¢esiiroducts) rather
than radical product innovation, which entails relatively less R&perditures. Moreover, we
observe that the relationship between R&D intensity and product inoovatindependent of
size classes and market competition statuses.

Our results show that firms’ foreign links, as importers and eggmretontribute substantially in
their pursuance of R&D activities and product innovation. Another importaatndi@ant of all

of our innovation measurements is education (of production workers), whicls shpasitive
effect on R&D (decision and expenditures) and product innovation. We notice that firm age has
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significantly positive impact on R&D intensity, but it has no influemn product innovation.
Our interpretation of these results is that mature firms guitgtively spend more R&D
expenditures per employee since they are old players and h#éiceestifesources to do so, to
protect their market worth and to get benefits from their asteda infrastructure. However, it
might be offset by the product innovation of relatively young fifared extreme case is newly
established firms) which they have to do in order to survive in gr&ehat least in their early
years.

We observe that the effects of employment and competition on R&Wtias, and the effect of
employment on product innovation, are the same for large and snrab. fiHowever,
competition is a more significant stimulus of product innovation faeldirms compared with
small ones. Hence, our results for developing countries contradict Scleus\pgew that
monopoly tends to be advantageous to large firms. Our analysalgdiiat large-firms trade
orientation (both import and export) has more significant influence &0 Bxpenditures per
employee than small firms. For product innovation, we find the sanaéndjs, but only for
imports. Although we do not observe a significant influence of skilfmkers on innovation
(both input and output), our empirical findings suggest that, in compasatahgsis, worker skKill
has a more significant effect for large firms than smiadls, both for R&D intensity and product
innovation. There is no evidence of differences between small andfilangevhen considering
the effects of firm age, unionization, education of production workers, rmonde (than 10%)
foreign ownership, on both types of innovation. We find that, for R&D dietsyi country-
specific characteristics have a significantly more diffeéerrole in small and large firms than
industry-specific characteristics; however, these specificgachexistics (both countries and
industries) do not behave significantly different in both size ctassecase of product
innovation, suggesting that large and small firms’ strategsatds innovation output does not
influence by the geographical region they are situated in anttidogpecific product they are
manufacturing. Moreover, both country and industry differences are netvelsto be too
substantial to behave differently in competition and non-competition envirdamer R&D
activities. As the determinants of product innovation, however, induségi& characteristics
are significantly different for both competition environments.

Our results suggest that determinants of R&D as a whole havealesgdfects for small and
large firms, but they have the same impact when we consider ithemmpetition and non-
competition environments. This suggests that firm size is a signdicant factor than market
competition status for these determinants to behave differentlydar tw influence firm-level
R&D activities; but jointly the difference of influence of thesgerminants on innovation output
is more significant for different competition environments than fdferdint size classes,
suggesting the opposite (to R&D) for product innovation.
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Table 1: Cross country distribution of product innovation and R&D activities.

Product Innovation R&D
b

Country No. of firms % of No. of firms % of R&D? Av. R&D

(reported Y/N) innovators (reported Y/N) performers Exp.(in $1000)
Argentina 651 75.27 649 49.77 142.98
Bolivia 367 75.75 364 43.96 20.80
Chile 638 69.59 637 33.44 190.41
Colombia 632 68.99 631 44.37 200.79
Ecuador 359 73.82 359 49.30 66.37
El Salvador 433 65.36 430 33.49 30.28
Guatemala 312 67.95 311 34.41 39.84
Honduras 258 63.57 256 24.22 45,13
Mexico 1119 34.58 1107 20.23 119.24
Nicaragua 349 52.15 349 25.79 26.25
Panama 238 56.30 236 30.08 69.82
Paraguay 378 68.25 377 35.81 2451
Peru 360 77.78 358 48.60 63.96
Uruguay 361 67.59 361 35.46 89.66
Total 6455 62.85 6425 35.61 101.39

a ] . . o ) . ) )
R&D performers are those firms which spend any amhon R&D activities within and/or outside the dditshment during the last fiscal year
from the time of survey.

To calculate average annual R&D expenditures, fitmose are reported at least 1 USD on R&D experatitare included.

Table 2: Cross industry distribution of product innovation and R&D activities.

Product Innovation R&D
Industry _ _ % of Av. R&D"

eported VIN)  Innovat ported Yy | RED"  Exp(in $1000)

(reporte ) Innovators (reporte ) Performers (R&D grﬁ;f)ormers

Food 1635 62.14 1625 39.01 108.47
Chemicals 1021 72.77 1019 53.87 85.80
Garments 1122 63.28 1115 26.66 198.15
Non-Metallic Minerals 319 43.89 319 22.88 33.83
Machinery and Equipment 416 59.38 415 36.39 117.23
Textiles 674 59.94 668 32.33 28.32
Electronics 80 37.50 80 18.75 22.47
Other Manufacturing 1188 64.56 1184 29.81 81.9
Total 6455 62.85 6425 35.61 101.39

same as Table 1
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Table 3: Percentage of product innovators, and R&lfformers and average annual R&D expenditures (in

$1000) for different size classifications (smaltldarge) and competition statuses.

Innovation Firm size Competition statuses

activities Small Large | | Low High
fims firms Monopoly  Duopoly competition competition

Product innovation (%) 60.98 80.39 49.65 48.41 65.41 62.23

R&D performers (%) 32.55 66.20 27.56 28.11 38.81 32.97

Av. R&D Exp.(in $1000) 35.02  439.31 74.7 58.97 67.92 121.66

Note: To calculate average annual R&D expenditdiens those are reported at least 1 USD on R&Deexitures are included

Table 4: Variables and their description

Variable Description

LEMP Logarithm of number of full- time employeesiricludes both permanent and
temporary employment.

LRDI Log of Ratio of R&D expenditures to employnte

EXP Ratio of export sales to total annual sales.

IMP Ratio of imports in total annual purchase otenial inputs and/or supplies.

AGE Age of the firm: 2006 (year of survey)-yearbsginning of the operation of
the firm

UNION Ratio of unionized workforce to total workfms.

SKILL Ratio of skilled production workers to totatoduction workers

MONO Dummy if a firm faces no competitor in the manarket in which it sold its
main product.

DUOP Dummy if a firm faces one competitor in theim@arket in which it sold its
main product.

LOWCOMP Dummy if a firm faces between 2 to 5, irsi@, competitors in the main
market in which it sold its main product.

HIGHCOMP Dummy if a firm faces more than 5 compattin the main market in which
it sold its main product.

FOR Dummy if the ownership of private foreign inidivals and/or companies is
more than 10%.

FIXED Dummy if the firm purchases fixed assets (machingehicles, equipment,
land, or buildings).

EDU Dummy if the average education of a typicalduction worker is 13 years
and above.

LARGE Dummy if a firm has more than 200 employees.

MODU Dummy if product market is monopoly or duopoly

PDINN Dummy if a firm introduces into the market yamew or significantly
improved product.

RD Dummy if a firm spends on R&D activities.

Note: (1) Originally, all monetary variables are given in therency units of respective countries. To achiemmogeneity
we convert them into USD using corresponding anauatage exchange rates downloaded from ThomsaSBeam. Th
year 2005 is used to calculate exchange rates $hecegrear of conduct of survey was 2006 T2k variable Produs
innovation was asked for the year 2003-5, whilee,Adnion, Skill, Foreign ownership, and Educatiomsvasked to provic
the information of the situation exactly at theeif conduct of surveylhe rest of the variables give information for ylear

2005.
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Table 5: Results of Heckman selection model. Stahdaors are in parenthes

Dependent Variables

Independent
Variables/Tests LRDI RD
(outcome equation) (selection equation)
Intercept 7.4620 -2.3380
(0.6470) (0.1188)
LEMP -0.3644 0.3035
(0.0655) (0.0199)
MONO 0.1016 -0.1478
(0.1989) (0.0991)
DUOP 0.1567 -0.1952
(0.2010) (0.1034)
LOWCOMP -0.0108 0.0548
(0.0788) (0.0437)
EXP 0.4613 0.5706
(0.2794) (0.1514)
IMP 0.2786 0.2257
(0.1276) (0.0661)
AGE 0.0038 0.0006
(0.0019) (0.0011)
UNION -0.1135 0.0717
(0.1558) (0.0849)
SKILL -0.0601 0.0809
(0.1118) (0.0603)
FOR 0.3067 0.1260
0.1242) (0.0800)
EDU 0.1693 0.2056
(0.0978) (0.0523)
FIXED 0.4258
i (0.0442)
Country Dummies yes yes
Industry Dummies yes yes
Test-stat. to test
Significance of countries 156.90 106.76
Significance of industries 30.51 116.52
5102
censored obs. 3510
-0.6187(0.2648)
Overall goodness of fit test-stat. 398.59

*

N Hooo o
Significance at 1% level ~ Significance at 5% level Significance at 10% level
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Table 6: Results of Probit regression. Standarmfgi@are in parentheses.

Independent .
Variables/Tests Dependent variable: PDINN
Intercept -1.3861 -0.2707
(0.1063) (1.4481)
LRDI -0.1432
i (0.1955)
LEMP 0.2338 0.1801
(0.0182) (0.0681)
EXP 0.3899 0.4595
(0.1519) (0.1789)
IMP 0.3908 0.4317
(0.0608) (0.0823)
MONO -0.15058 -0.1368
(0.0850) (0.0872)
DUOP -0.3147 -0.2903
(0.0903) (0.0959)
LOWCOMP 0.0447 0.0427
(0.0409) (0.0409)
AGE -0.0006
(0.0010) )
UNION 0.3627 0.3469
(0.0779) (0.0793)
SKILL 0.0626
(0.0556) i
FOR -0.0163
(0.0801) i
EDU 0.1435 0.1726
(0.0502) (0.0599)
Country Dummies yes yes
Industry Dummies yes yes

Test-stat. to test

Significance of countries 236.74 242.97

Significance of industries 33.37 18.76
No. of obs. 5420 5420
McFaddeiRr? 0.1268 0.1267
Likelihood ratio test 912.09 911.00

*

L # o T
Significance at 1% level = Significance at 5% level Significance at 10% level
Note: For LRDI, the predicted values obtained ibl&& are used.
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Table 7: Results of Heckman
parentheses.

selection model incigdinteraction terms of LARGE. Standard errorsia

Dependent Variables

Independent
Variables LRDI RD
(outcome equation) (selection equation)
Intercept 7.7560 (0.7083) -2.3157  (0.1295)
LEMP -0.3230  (0.0785) 0.2933  (0.0243)
MONO 0.0392  (0.2089) -0.1198  (0.1040)
DUOP 0.1450  (0.2154) -0.2083  (0.1085)
LOWCOMP -0.0453  (0.0833) 0.0575  (0.0453)
EXP 0.2794  (0.3063) 0.5073  (0.1596)
IMP 0.2316  (0.1329) 0.2327  (0.0679)
AGE 0.0028  (0.0021) 0.0004  (0.0012)
UNION 0.0013  (0.1711) 0.0566  (0.0911)
SKILL -0.1930  (0.1191) 0.0703  (0.0627)
FOR 0.1710  (0.1482) 0.1642  (0.0891)
EDU 0.1685  (0.1062) 0.2187 (0.0545)
FIXED - 0.4245  (0.0452)
Country Dummies yes yes
Industry Dummies yes yes
LARGE -2.7765  (1.0026) -0.5671  (0.9060)
LARGE XLEMP 0.0470  (0.1527) 0.0890  (0.1417)
LARGE XMONO 0.3308 (0.5826) -0.4948 (0.3620)
LARGE X DUOP 0.4881  (0.5647) -0.0598 (0.4069)
LARGE XLOWCOMP 0.2983 (0.2331) 0.0090 (0.1943)
LARGE XEXP 1.391%  (0.7018) -0.3400  (0.5429)
LARGE X IMP 0.6987  (0.4129) -0.2293  (0.3283)
LARGE X AGE 0.0041 (0.0045) 0.0023 (0.0040)
LARGE X UNION -0.6516  (0.4266) -0.0970  (0.3040)
LARGE X SKILL 0.9545  (0.3204) 0.2810  (0.2572)
LAERGE XFOR 0.2541 (0.2751) -0.1719 (0.2228)
LARGE XEDU 0.1573  (0.2672) -0.0852  (0.2135)
LARGE X FIXED - 0.1380 (0.2468)
LARGE X Country Dummies (13 interactions) yes yes
LARGE X Industry Dummies (7 interactions) yes yes
No. of obs. 5102
censored obs. 3510
A -0.6325(0.2758)
488.67

Overall goodness of fit test-statistics
*

N # o T
Significance at 1% level = Significance at 5% level Significance at 10% level
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Table 8: Results of probit model including interactterms ofLARGE. Standard errors are

parentheses.

Indgpendent Dependent variable: PDINN
Variables

Intercept -1.4530 (0.1144) -0.3709 (1.5640)
LRDI - -0.1350 (0.2108)
LEMP 0.2342 (0.0216) 0.1815 (0.0746)
MONO -0.1159 (0.0878) -0.1036  (0.0904)
DUOP -0.2895 (0.0932) -0.2656 (0.0995)
LOWCOMP 0.0710 (0.0421) 0.0686 (0.0421)
EXP 0.343¢ (0.1575) 0.4088 (0.1868)
IMP 0.4277 (0.0621) 0.4656 (0.0860)
AGE -0.0006 (0.0011) -
UNION 0.4085 (0.0819) 0.3951 (0.0835)
SKILL 0.0873 (0.0573) -

FOR -0.0023 (0.0882) -

EDU 0.1474 (0.0518) 0.1765 (0.0622)

Country Dummies
Industry Dummies
LARGE

LARGE XLRDI
LARGE XLEMP
LARGE XMONO
LARGE XDUOP
LARGE XLOWCOMP
LARGE XEXP
LARGE XIMP
LARGE XAGE
LARGE XUNION
LARGE X SKILL

yes
yes
0.7876 (0.9797)
0.0079 (0.1552)
-0.740f (0.3717)
0.3180 (0.4175)
-0.415% (0.2099)
0.9823 (0.7048)
0.6878 (0.3478)
-0.0015 (0.0042)
-0.4171 (0.3336)
0.5126 (0.3000)

yes
yes
-1.2143  (4.9182)
0.2437 (0.6616)
0.0647 (0.2681)
-0.7834 (0.3711)
-0.4090 (0.4295)
-0.7855 (0.2093)
0.7303 (0.7812)
-0.7855 (0.4091)

-0.4070 (0.3282)

LARGE XFOR 0.0346 (0.2429) -

LARGE XEDU 0.1922 (0.2481) 0.0977 (0.2834)

LARGE X Country Dummies (13 interactions) yes yes

LARGE X Industry Dummies (7 interactions) yes yes
No. of obs. 5416 5416
McFaddeiRr? 0.1332 0.1326
Likelihood ratio test 957.17 952.72

" Significance at 1% level * Significance at 5% level * Significance at 10% level

Note: For LRDI, the predicted values obtained ibl&& are used.
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Table 9: Significance of p-values of tests of jointpact of interactions of LARGE with different gnos of

explanatory variables.

Heckman selection model Probit
. Dependent
Null hypotheses Dependent Variable i
LRDI RD PDINN
There is no overall disparity between the determimaof * insignificant +
innovation in small and large firms 9
There is no overall disparity between the determtisieother than * insianificant +
countries and industries, of innovation in smatl arge firms 9
There is no overall disparity between the behavafutountries L
. ) # # insignificant
in small and large firms
There is no overall disparity between the behavafuindustries S L
T insignificant insignificant

|n small and large firms

T
Significance at 1% Ievel Significance at 5% level  Significance at 10% level

Table 10: Results of Heckman selection model inolgdnteraction terms of MODU. Standard errors ia

parentheses.
Independent Dependent Variables
Variables LRDI RD
(outcome equation) (selection equation)
Intercept 7.5368 (0.6435) -2.3372  (0.1229)
LEMP -0.3725  (0.0671) 0.3155  (0.0210)
EXP 0.4082  (0.2949) 0.4232  (0.1609)
IMP 0.3317  (0.1330) 0.2377  (0.0695)
AGE 0.0034  (0.0019) 0.0012  (0.0011)
UNION -0.1083  (0.1607) 0.0324  (0.0905)
SKILL -0.0665  (0.1162) 0.1085 (0.0632)
FOR 0.3153  (0.1289) 0.1728  (0.0848)
EDU 0.1451  (0.0994) 0.1920 (0.0548)
FIXED - 0.4246  (0.0463)
Country Dummies yes yes
Industry Dummies yes yes
MODU -0.8767  (0.8657) 0.0325  (0.4183)
MODU X LEMP 0.1476  (0.1305) -0.0693 (0.0731)
MODU X EXP 0.2626  (0.8284) 0.3847  (0.5076)
MODU XIMP -0.6466 (0.5007) -0.0018 (0.2432)
MODU X AGE -0.0014  (0.0091) -0.0088  (0.0045)
MODU X UNION 0.0012  (0.6414) 0.3400  (0.2790)
MODU X SKILL 0.0521 (0.4696) -0.3237 (0.2222)
MODU X FOR -0.3319  (0.5406) -0.5788  (0.2805)
MODU X EDU 0.1900  (0.3891) 0.0709  (0.1937)
MODU X FIXED - -0.0099 (0.1655)
MODU X Country Dummies (13 interactions) sye yes
MODU X Industry Dummies (7 interactions) yes yes
No. of obs. 5102
censored obs. 3510
A -0.6237(0.2642)
OveraII goodness of fit test statistics 429.30

Significance at 1% Ievel Significance at 5% Ievel
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Table 11: Results of probit model including intdiac terms of MODU.Standard errors are

parentheses.

Indgpendent Dependent variable: PDINN
Variables

Intercept -1.3984 (0.1109) 0.8889 (1.5482)
LRDI - -0.0595  (0.2091)
LEMP 0.2520 (0.0195) 0.2272 (0.0728)
EXP 0.4672 (0.1639) 0.5066 (0.1913)
IMP 0.3591 (0.0641) 0.3786 (0.0871)
AGE -0.0010 (0.0011) -

UNION 0.3258 (0.0842) 0.3190 (0.0856)
SKILL 0.0870 (0.0586) -

FOR 0.0720 (0.0872) -

EDU 0.1428 (0.0529) 0.1612 (0.0635)

Country Dummies
Industry Dummies

yes
yes

yes
yes

MODU 0.1336 (0.3592) 7.3766 (4.5896)
MODU X LRDI - -0.9839 (0.6102)
MODU XLEMP -0.145% (0.0612) -0.4964 (0.2147)
MODU XEXP -0.5678 (0.4794) -0.0920 (0.5766)
MODU X IMP 0.3370 (0.2163) 0.6050 (0.2896)
MODU X AGE 0.0014 (0.0034) -
MODU XUNION 0.2248 (0.2306) 0.1631 (0.2373)
MODU X SKILL -0.2951 (0.1997) -
MODU XFOR -0.7068 (0.2548) -
MODU X EDU 0.0728 (0.1783) 0.1828 (0.1981)
MODU X Country Dummies (13 interactions) yes yes
MODU X Industry Dummies (7 interactions) sye yes
No. of obs. 5420 5420
McFaddeiR? 0.1340 0.1327
Likelihood ratio test 963.31 954.45

*

o # . T
Significance at 1% level ~ Significance at 5% level Significance at 10% level
Note: For LRDI, the predicted values obtained ibl&& are used.

Table 12: Significance of p-values of tests of fampact of interactions of MODU with different grps
of explanatory factors of R&D and product innovatio

Heckman .
: Probit
selection model
Null hypotheses i Dependent
yp Dependent Variable Variable
LRDI RD PDINN
There is no overall disparity between the determimaof . . .. L
insignificant insignifican *

innovation in different competition environments

There is no overall disparity between the determisiaother
than countries and industries, of innovation infeddnt insignificant insignifican *
competition environments

There is no overall disparity between the behavidurountries
in different competition environments

There is no overall disparity between the behaviaduountries
in different competition environments

insignificant insignifican insignificant

insignificant insignifican #

’ Significance at 1% level # Significance at 5% level T Significance at 10% level
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Appendix

Table A.1. Country wise threshold to split the data small and large firms.

No. of employees

Country (90.8" percentile)
Argentina 340
Bolivia 157
Chile 252
Colombia 120
Ecuador 200
El Salvador 325
Guatemala 254
Honduras 250
Mexico 200
Nicaragua 90
Panama 135
Paraguay 120
Peru 320
Uruguay 118

32






The UNU-MERIT WORKING Paper Series

2011-01 Mitigating 'anticommons' harms to research in science and technology by Paul A.
David

2011-02 Telemedicine and primary health: the virtual doctor project Zambia by Evans
Mupela, Paul Mustard and Huw Jones

2011-03 Russia's emerging multinational companies amidst the global economic crisis by
Sergey Filippov

2011-04 Assessment of Gender Gap in Sudan by Samia Satti Osman Mohamed Nour

2011-05Assessment of Effectiveness of China Aid in Financing Development in Sudan by
Samia Satti Osman Mohamed Nour

2011-06 Assessment of the Impacts of Oil: Opportunities and Challenges for Economic
Development in Sudan by Samia Satti Osman Mohamed Nour

2011-07 Labour Market and Unemployment in Sudan by Samia Satti Osman Mohamed Nour

2011-08 Social impacts of the development of science, technology and innovation indicators
by Fred Gault

2011-09 User innovation and the market by Fred Gault

2011-10Absorptive capacity in technological learning in clean development mechanism
projects by Asel Doranova, lonara Costa and Geert Duysters

2011-11 Microeconomic analysis of rural nonfarm activities in the Kyrgyz Republic: What
determines participation and returns? By Aziz Atamanov and Marrit van den Berg

2011-12 Immigration and growth in an ageing economy by Joan Muysken and Thomas
Ziesemer

2011-13State-led technological development: A case of China's nanotechnology
development by Can Huang and Yilin Wu

2011-14 A historical perspective on immigration and social protection in the Netherlands by
Melissa Siegel and Chris de Neubourg

2011-15 Promoting return and circular migration of the highly skilled by Metka Hercog and
Melissa Siegel

2011-16 Voluntary agreements and community development as CSR in innovation strategies
by Vivekananda Mukherjee and Shyama V. Ramani

2011-17 Strengthening the roles of political parties in Public Accountability - A case study of
a new approach in political party assistance by Renée Speijcken

2011-18The elusive quest for the golden standard: Concepts, policies and practices of
accountability in development cooperation by Renée Speijcken

2011-19Are health care payments in Albania catastrophic? Evidence form ALSMS 2002,
2005 and 2008 by Sonila Tomini and Truman G. Packard

2011-200n India's plunge into Nanotechnology: What are good ways to catch-up? By
Shyama V. Ramani, Nupur Chowdhury, Roger Coronini and Susan Reid

2011-21 Emerging country MNEs and the role of home countries: separating fact from
irrational expectations by Rajneesh Narula and Quyen T.K. Nguyen

2011-22 Beyond knowledge brokerage: An exploratory study of innovation intermediaries in
an evolving smallholder agricultural system in Kenya by Catherine W. Kilelu,
Laurens Klerkx, Cees Leeuwis and Andy Hall

2011-23 Dynamics of biosciences regulation and opportunities for biosciences innovation in
Africa: Exploring regulatory policy brokering by Ann Kingiri and Andy Hall



2011-24 The when and where of research in agricultural innovation trajectories: Evidence
and implications from RIU's South Asia projects by Vamsidhar Reddy, T.S., Andy
Hall and Rasheed Sulaiman V.

2011-25 Innovation and Diffusion of Clean/Green Technology: Can Patent Commons Help?
By Bronwyn H. Hall and Christian Helmers

2011-26 Technology alliances in emerging economies: Persistence and interrelation in
European firms' alliance formation By Rene Belderbos, Victor Gilsing, Jojo Jacob

2011-27 Innovation pathways and policy challenges at the regional level:  smart
specialization By René Wintjes and Hugo Hollanders

2011-28 Innovation and productivity by Bronwyn H. Hall

2011-29 Mapping the interdisciplinary nature and co-evolutionary patterns in five nano-
industrial sectors by Lili Wang and Ad Notten

2011-30Assessment of industrial performance and the relationship between skill,
technology and input-output indicators in Sudan by Samia Satti Osman Mohamed
Nour

2011-31 Assessment of skill and technology indicators at the macro-micro levels in Sudan by
Samia Satti Osman Mohamed Nour

2011-32 Education, training and skill development policies in Sudan: Macro-micro overview
by Samia Satti Osman Mohamed Nour

2011-33 Estimating the rate of return to education in Sudan by Samia Satti Osman
Mohamed Nour

2011-34 The importance (impact) of knowledge at the macro-micro levels in Sudan by
Samia Satti Osman Mohamed Nour

2011-35Angus Maddison and Development Economics by Adam Szirmai

2011-36 Managerial ownership and urban water utilities efficiency in Uganda by Dorcas
Mbuvi and Achraf Tarsim

2011-37 Immigration and growth in an ageing economy by Joan Muyskens and Thomas
Ziesemer

2011-38 The Development of Diaspora Engagement Policies in Burundi and Rwanda by
Sonja Fransen & Melissa Siegel

2011-39 Understanding the changing role of the Turkish diaspora by Ozge Bilgili & Melissa
Siegel

2011-40 Understanding Ethiopian diaspora engagement policy by Katie Kuschminder and
Melissa Siegel

2011-41 Engaging the diaspora in India by Metka Hercog and Melissa Siegel

2011-42 Protecting Vulnerable Families in Central Asia: Poverty, vulnerability and the
impact of the economic crisis by Franziska Gassmann

2011-43Innovation performance and embeddedness in networks: evidence from the
Ethiopian footwear cluster by Mulu Gebreeyesus and Pierre Mohnen

2011-44 The power of the strong state: A comparative analysis of the diaspora engagement
strategies of India and Ethiopia by Katie Kuschminder and Metka Hercog

2011-45 New insights on the role of location advantages in international innovation by
Rajneesh Narula and Grazia D. Santangelo

2011-46 Preferences for conditioning and being conditioned - experimental & survey
evidence from Zambia by Esther Schiring

2011-47 International migration and local employment: analysis of self-selection and
earnings in Tajikistan by Aziz Atamanov and Marrit van den Berg



2011-48 Complementarity between in-house R&D and technology purchasing: evidence
from Chinese manufacturing firms by Jun Hou and Pierre Mohnen

2011-49 The internationalization of R&D by Bronwyn H. Hall

2011-50 Missing the target: Lessons from enabling innovation in South Asia by Sulaiman V.
Rasheed, Andy Hall and T.S. Vamsidhar Reddy

2011-51 Optimal public investment, growth, and consumption: Evidence from African
countries by Augustin Kwasi Fosu, Yoseph Yilma Getachew and Thomas Ziesemer

2011-52 Size, competition, and innovative activities: a developing world perspective by
Abdul Waheed



