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Abstract

In this study we test the trade Global Engagememothesis in which firms more
globally engaged — either multinationals or exposte- are more innovative. The test is
applied to 4815 Portuguese enterprises” data ferghariod 2002-2004 through the use of the
fourth Portuguese Community Innovation Survey. V¢#@mated several Knowledge
Production Functions assuming that knowledge oustpesult from the combination of some
knowledge inputs with the flow of ideas coming fexsting stock of knowledge. We found
that more internationally exposed firms create mknewledge output, than their domestic
counterparts; indeed, more globalized firms useerioputs and have the opportunity to use
a larger stock of knowledge. Notwithstand, the olesk superiority of more internationally
exposed firms is also the result of their globalizeature, not directly connected with
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1. Introduction

Since different firms create different levels ofokviedge two related questions arise: (i)
which firms are more innovative? (ii) is there agnnection between this issue and firms’
level of global engagement?

A firms’ innovation level is linked to firm or indry characteristics such as size,
market concentration or orientation and technolaligiharacteristics. According to Oszomer
et al (1997), the firm strategic posture, organisadad environmental structure and even the
uncertainty level interact and contribute to thesleof a firms’ innovativeness.

On the other hand, some models (e.g., Jones, 288R)ne that the stock of knowledge
is a public good, equally and freely available tb emterprises worldwide. In contrast,
Grossman and Helpman (1991) and Parente and Rré$88Y) present models in which
firms have to face costs and difficulties in adogtinew technological knowledge. Those
barriers differ across time and countries, sugggsthat external trade may influence
technological knowledge adoption. Nowadays it i;wown to accept that the existing stock
of knowledge is appropriated and profited from @utfferently by various enterprises. This
learning ability of firms is a decisive factor inpdaining different innovative performances,
even more important than different facilities foetacquisition of inputs.

In this line of reasoning, more globally engageth§ may obtain larger stocks of ideas
through their foreign sources such as internatisogbliers and customers or, in the case of
multinationals, through their internal worldwide gboof information. In addition, higher
exposure to foreign markets could reduce costsceged with the adoption of new
technologies. Lederman (2009) calls this the Gldbayjagement hypothesis, after which
“importing” foreign know-how through licensing, fEign investment or exporting activities
are positively correlated with innovation and, esaky, product innovation. Moreover, this

hypothesis also assumes that trade protectionigasraosts of global engagement, adding



difficulty to innovation. Additionally, he assumésat the density of knowledge available to
local firms spurs innovation, and that more glopathgaged firms have a higher knowledge
density available to work with.

The existence of a positive relationship betweenlével and growth of technological
knowledge and foreign exposure has been documentsleral papers, using firm-level data
(e.g., Alvarez and Robertson, 2004 for Mexican &@tulean enterprises or Cassiman and
Veugelers, 1999 for Belgian firms). There is a gahagreement that this positive connection
results from the highly competitive pressure oéintaitional markets, which requires constant
updating and adaptation. Nevertheless, in a sumgrisonclusion Silva and Leitdo (2007a)
found that between 1995 and 1997 Portuguese indu&tms with high export intensity were
less capable of innovating. They explained thatrtiagority of high export intensity firms
belonged to clothing and footwear industries andke® on an outsourcing basis, adopting a
low-price strategy which did not rely on produchavation. A similar result was also found
by Cassey (2004) in the Malaysian manufacturingosec

Criscuoloet al (2005) for UK firms and Wagner (2006) for Gernfams, developed a
new approach to test the global engagement hypethBsese authors use the Knowledge
Production Function (KPF) as a theoretical framdéwto study the innovatiorversus
international engagement connection. They alsahes€ommunity Innovation Survey (CIS)
as database for this purpose. This methodologynassuhat knowledge outputs result from
the combination of knowledge inputs and of the flolvideas coming from the existing
knowledge stock. This framework is superior to otlugproaches to the extend that allows to
estimate several versions of the KPBy doing so it is possible to evaluate which dast

really matter in regard to the innovative perforcaanf firms.

! Hamermesh (2006, p.376) refers that: “the creitijtiff a new finding that is based on carefully lgsing two
data sets is far more than twice that of a resaded only on one”.



This paper aims to test the global engagement hgsa for Portuguese firms using the
KPF approach and CIS as the database for the p20@2-2004. Our analysis yields a set of
results that indicate a confirmation of the pregiaision. We find that more international
engaged firms report much more knowledge outpustexrer measure is used.

Despite of the lack of data on two consecutive Et8tuguese reports, which would
have enabled a panel data analysis, the use @bguieconometric models allowed us to
understand that: (i) much of the higher knowledg#pot created in globally engaged
Portuguese firms was the product of both highemltedge inputs and informational flows
used; (ii) and also of a superior efficiency inithese, as suggested by the KPF approach. Our
findings also provide evidence that existing knalgle is not uniformly accessible to
Portuguese firms. Moreover, for the first timesthtudy estimates the contribution of distinct
knowledge inputs and knowledge information soutoethe innovation ability of Portuguese
firms.

The paper is organized as follows. Section 2 dessrihe theoretical foundations of
KPF that support our empirical studies and revigiaes empirical studies on the subject.
Section 3 presents the main statistics for CIS 4amtugal, by distinguishing the actual
differences between purely domestic and globaliteds. Section 4 discusses the main
econometric and estimation issues. Section 5 piegstimation results. Section 6 performs
an exercise of innovation accounting using thenestes obtained and the actual differences

in data. Section 7 concludes the paper.

2. Innovation factors and empirical literature

2.1. International factors of innovation: theory ard modelling approach
In line with Coe and Helpman (1995), we know ttet benefits of innovation are much more
evenly distributed than the expenditures on inngeaR&D. This is a sign of the importance

of global technological diffusion. Technologicaldwmledge can be diffused internationally by



several ways: Foreign Direct Investment (FDI), labmobility, communication patterns and
imitation. In the latter case, international trasléhe vehicle through which diffusion occurs.

Based on Grossman and Helpman (1991) and ParedtBrascott (1994), we assume
that firms face barriers to adopt foreign technmalgknowledge. These authors argued that
the reduction of the differences among countrieginemic growth rely on the ability to
reduce barriers to technology adoption, and theyras that greater trade openness favours
weakening the resistance to technology adoptiois. dtso assumed that barriers are reduced
by FDI. Additional channels to technological difims are imports of intermediate inputs, that
incorporate new technological knowledge, and expavhich increase the firms’ market and
in that way expand firms’ return on innovative &t

Alternatively, following the conceptual frameworki &ilva and Leitdo (2007b),
innovation is the result of an interactive and fioear process between firms and their global
environment. In a certain way, innovation is “aledlive learning process” (Silva and Leitéo,
2007b, p. 2) in which organizational and environtakriactors affect the firm specific
innovative ability. This so-called “systematic apach” of innovation process allows a new
vision for the role performed by external partnensd of the importance on the information
flows that disseminate knowledge within the system.

Roperet al (2008) hold that innovation is a recursive precésat involves three
phases: sourcing the existing knowledge, transfaognti into new products or processes and
finally exploiting the innovation in order to geag® more added value. They regard the
innovation process as a value chain, although alseky one. It is important, then, to
consider the motivational input for innovation aittes.

On the other hand, the fact that different firmeduce different amounts of new
knowledge has opened the possibility to use “kndgde production functions” (KPF) or

“innovation production function” in a very similaray to a production function for goods and



services (e.g., Geroski, 1990; Love and Roper, 13&eret al, 2008). In the KPF
framework, production of new output knowledge rel@n the competitive environment in
which each firm acts. Moreover, the KPF framewddoaelies on the assumption that new
knowledge depends on two types of inputs: Innowvatiput activities like R&D activities
(which allow the emergence of knowledge) and tbe bf ideas from the knowledge stock.

Using the approach followed by Criscu@bal (2005), which is in line with Griliches
(1979) and Romer (1990), we can write the KPF endiimpler Cobb-Douglas form:

AK, =H}K?. (1)

The creation of new ideas, the change of the kriydestock AK;) depends on the
investment in the process of knowledge creatidyy luman capital or R&D activities, and on
the existing knowledge stock from which ideas cangbnerated, through the knowledge
information flows. Parameters and ¢ represent, respectively, the elasticity of newaide
creation on knowledge investment and from the exgstnowledge stock. Subscriptitgin
(1) means that firms have different access to xistieg knowledge stock, since each existing
idea might not be equally crucial to all firms. BREs, as firms can learn from their internal
knowledge stock and from other external sourceis, éssential to identify distinct channels
through which firms are encouraged to innovate, especially those that carry international
technology spillovers.

Following Criscuoloet al (2005) and Wagner (2006), a second KPF version is

presented:

AK; :f[Hi’Kii’Ki_i’xiJ (2)

This version of the KPF assumes that changes ikribe/ledge stock depend on: K)
— the investment in the process of knowledge ayeaR&D activities or other non-R&D

investments); (ii)<; — a vector of other determinants such as size, inglostsector; (iii)K; —



the flow of ideas to firm from within; (iv) Kij — the flow of ideas to firmn from outside the
firm. In this caseK is thus decomposed into two different components.

Woerter and Roper (2008) argued that the innovatigtput of a firmi in a timet (li)
reflects R&D investments, other knowledge sourtes,expansion of markets and additional
factors. They also proposed a KPF conceptual fraorietwy using:

l, =@, +(p1XMGn_j +(p2HMGn_j + @K, +@,Rl, +@IND, + 9, TDUM, +v, +¢, (3)

In (3), the independent variables are, respectjwtport-market growthXMG, home-
market growthHMG, the availability of existing knowledge stodk,such as in equation (1),
firms internal resource®|, industry resourcesND, that may affect post innovation returns
and control dummy variable§ DUM. They studied the Irish and the Swiss cases and
concluded that the probability a firm to innovatpdnded mainly on its innovation ability
and less on the market demand.

In an integrated approach, Mancusi (2008) investdyéhe role of domestic firms’ prior
R&D to conclude that knowledge accumulation withine firms increases their absorptive
capacity and enhances international spillover &fethese hypotheses rely on Cohen and
Levinthal (1990), who argue that firms’ ability tecognize, assimilate and apply external
knowledge is critical to their innovative perforncanand that absorptive ability is a function

of a firms’ previous investment in R&D.

2.2. Empirical studies on innovation and foreign egosure

There are several empirical papers that study pleeific connection between the level of
global engagement of firms and their innovativefgrenance. Using logit models for
Brazilian firms, Braga and Willmore (1991) foundathihe probability of innovating by firms
was increased by their foreign property and byrtagporter orientation: “The coefficient of
the export dummy is highly significant and quitegka in each equation, evidence that the

competitive pressure of producing for foreign méskdemands greater access to imported



technology, encourages technological effort andemses the utilisation of modern methods
of quality control” (p.429).

In a study on the choice between internal and eatetechnology acquisition for
Belgian firms, Cassiman and Veugelers (1999) fousd)g logit models, that “All else equal,
a firm that exports 10% more of its production Ba8.74% higher probability of being an
innovating firm. Competitive pressure in internaab markets could account for the fact that
constant innovation is the only way to hold onrternational market share” (p.71).

Also using logit models, Alvarez and Robertson @d@und that Chilean and Mexican
exporting firms had higher probability of procegmcking, product and organizational
administration innovations (the exceptions wereuations in product designs and in foreign
licenses purchase). They also showed that thosetgfivere not linear and relied on exports
destination, as exports to more developed markete &ssociated with a higher probability
of innovating. Moreover, they found a significaintit smaller role for foreign capital.

Using probit models, Blind and Jungmittag (20040rfd, for German services firms,
that exporting increased innovation propensity bgu 50%, both for product and process
innovations. Hellebrandt (2007) in an overview lod U.K. CIS data, reported that exporting
firms are far more likely to innovate, namely i tiroup of firms exporting beyond Europe.

Using KPF and CIS data for the U.K. firms in a mpreficuous approach, Criscuodb
al. (2005) found, through probit and tobit modelsattglobally engaged firms did generate
more innovative outputs. Moreover, they also fouhdt higher innovative capacity was
related to superior use of knowledge inputs, amEe@ally to higher learning from more
knowledge sources. Wagner (2006) adopted this appréor German firms and confirmed
the previous results, reinforcing the thesis thatimportance of the knowledge sources varies

with the type of innovation performed.



3. Data issues on innovation in Portuguese firmsusmmary statistics

The Portuguese CIS is part of a European Union-sigteey which reports firms’ answers to:

output of innovation efforts (in product, procesgganizational and marketing innovations),
inputs of innovation, sources of information-knogde for innovation efforts, partnerships

between firms and other institutions, obstaclesmmovation and effects of innovation. It is a

voluntary postal survey and covers the manufagjuaimd the service sectors. CIS follows the
OECD and EUROSTAT (2005) Oslo Manual which guidashenational survey.

We use the fourth survey carried out in PortugdB(@) conducted in 20051t is the
last one available for researchers and unhappilyas not possible to access to more than
one wave of these Portuguese surveys. 7,370 firepsesentative of a population of 27,797
firms) were queried about their innovative activittyperiod 2002-2004. 74.3% of the firms
answered, in a total of 5,475.

According to the OCES report (2006), 40% of Poresgp firms surveyed had
innovation activities, on products or processes.wWé also include innovations on
organizational and marketing levels this numbechea 62%. Considering firms’ personnel
numbers (we could only use the group dimensionirais)* the percentage of innovative

firms increases with the dimension of firms, meadusy the number of workers.

2 Two previous statistical problems arise from theske design of CIS: one is non-response and theech|
bias, the other is that the survey is conducteehggrprise level (or firm level that we use as symoous) and
each firm can have more than one business estatdigh Eventually it would be of interest to have
establishment data. Nevertheless, these situaiomscommon to all national CIS and therefore we rutidl
distinguish between firm and establishment units.

® The CIS is a voluntary survey but in the Portugu€s$S 4 the overall response rate was higher thaset
obtained, for example, in CIS 4 for the U.K. (42%).

* This variable has four dimensions: 4 — large @mises have more than 249 workers, 3 — medium nites
have from 50 until 249 workers, 2 — small entegsitave less than 50 workers but more than 9, Icrem
enterprises with less than 10 workers.

® On average, enterprises spent about 2% of theliragjturnover in innovation input. The portion nhovative
firms is greater than 75% for R&D services, comroations, technical analysis, chemical and petrot,ib
other sectors it is lower than 30%: apparel, tegtnd leather industries. Of all innovators, 168 received
public financing or even public subsidies.



The CIS 4 allows us to know if an enterprise betong a foreign group,or not,
because firms are asked if they are part of a gafupnterprises and in which country is
located the head office of that group. The CIS ésdoot ask Portuguese firms if they are
Portuguese multinational parents with subsidiaal@®ad; therefore unabling us to study the
performance of those type of firms. At the othendhaCIS 4 surveys if an enterprise exports
or not, but it does not report the export intensiighough, for exporters it allows us to split
export destinations between EU countries and atéstinations.

Thus, given the data availability, we created ftewels for global engagement of
Portuguese firmé:(i) Global Multinationals GM), which are subsidiariBgof foreign firms)
located in Portugal and that export — being theigraf more globalized firms in the data, (ii)
Internal Multinationals IM), which are subsidiaries of foreign firms locatadPortugal but
do not export, (iii) Exporters&XP), which do not belong to foreign group and expartd,
(iv) Purely Domestic[QOM) which do not export nor are part of a multinaibrOur CIS 4
benchmark sample has 4,815 enterprises: G&B(7.3% of the sample), 13IM (2.7%),
1,904EXP (39.5%) and 2,42DOM enterprises (50.4%).

Table 1 shows that there are clear basic diffeenteverall performance across these
four groups: average “size” (measured by classegengbloyment level), average output
growth (2002-2004) and average output level (2@0é)highest foGM, followed bylIM and
EXP, all far above th®O0OM firms. Given the limitations of the data employeed are not able
to compute “labour productivity of firms” as we le@wo access to the exact number of
workers. We can, nevertheless, divide each ofdhedroups average turnover by each firms’

group labour dimension (average size) and obtginoay for labour efficiency. The global

® According with CIS definition “Group is a bunchfirins linked by legal and financial ties”.

" Data does not allow us to recognize which Portagigms have foreign direct investment what waquadmit

a wider analysis of global engagement.

8 Subsidiaries are defined by Birkinshaw (1997) as ‘operational unit controled by the Multinational
headquarters and located outside the home country”.
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results have the same patte@¥ andIM have “labour productivity” levels four times highe

thanDOM enterprisesEXP almost double the performance@®M enterprises.

Table 1 - Summary statistics on Overall Performance

Sub-sample| Average Average Output|  Average Output Output / “Size”
Size (thousand of €) | growth 2002-2004 (%) (thousand of €)
GM 3.03 67,424 15.45 22,252
EXP 2.46 23,848 11.40 9,694
IM 2.80 59,653 13.29 21,305
DOM 2.22 12,453 -16.28 5,609
All 2.39 22,301 2.65 9,331

Source: Own calculations
There is also a certain heterogeneity in the @istion of each type of firm through the
35 different two-digit code of economic activiteM firms are mainly concentrated in
wholesale retail, services to enterprises and naatwife of vehicles, trailers and semi-trialers.
EXP firms concentrate in the previous sectors and also manufacture of textiles,
manufacture of wearing apparel and dressing anthgye fur. More than half ofM firms

concentrate in services to enterprises and insaramimpanies.

Knowledge output

In line with Pavitt (1982), the use of several kihedge output measures occurs due to the
assumption that there is no single measure to ag8sagvation activities.

Table 2 shows the higher knowledge output levemofe internationally engaged firms in
comparison with the poorer performanceD®®M. Whatever measure is used, IM firms are

better than DOM firms; EXP are better than IM ardNd firms and GM are better than all.

Table 2 - Knowledge Outputs (mean values)

Innovation Product Process Innovation | Novel Sales
Sub-sample| Product or . ; IPPOM X
= Innovation | Innovation protection | (thousand of €
rocess
GM 66% 48% 60% 83% 27% 7,570
EXP 50% 33% 41% 69% 21% 2,164
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IM 48% 31% 37% 7% 21% 2,442
DOM 33% 17% 29% 53% 10% 878
All 43% 27% 36% 62% 16% 1,921

Source: Own calculations
Notes: values are the percentages of firms thatrtepat type of innovation in comparison with e firms of
the group.

“Innovation of Product or Processis an indicator that takes value one if an entsepr
undertakes any product or process innovation (eliupurely organizational innovatiors).
According to the third Oslo Manual of OECD and Estab (2005) the definition of innovation
refers to new products or services for each ensargyut not necessarily to the market. It
states “The minimum requirement for an innovatisrthat the product, process, marketing
method or organization method must be new to ttm”f{(Oslo Manual, p. 46)DOM firms
report only half of the innovations undertaken®yl and only two thirds of those produced
by EXP. Splitting innovation into innovation in producéd innovation in processes, the
higher differences between domestic and more dipbabgaged firms are observed in respect
to products. MeanwhileDOM firms present almost the double of process innomatin
comparison with their own product innovations.

If we add Organizational Innovation (as a resulstohtegic decisions of each firm) and
Innovation of Marketing (design, distribution, png and promotion) to the previous
components, we obtain the second knowledge outpedsore and the largest &he
aggregating the queries on firms” Innovation ondBeob, Process, Organization and
Marketing (IPPOM).Differences between groups amuced andM becomes the second
more innovative group, overcomimgKP.

“Innovation protection” is a binary variable thatequal to one if the enterprise either

applied for patents or trademarks and copyrightsridustrial designDOM enterprises only

° This is a composite variable that aggregatesbevers to product innovation and process innovation
19 5ee Appendix Table for detailed definitions of tlagiables used and the CIS questions associated.
1 Although not used in the following sections ofstpiaper.
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mention a third of the protection measures undertdldyGM and only half of the protections
done byEXP.

Finally, knowledge output is measured by “NoveleSal(sales of new and improved
products, either in the firm or in the market tirenfbelongs to). Only 25% of sample firms
reported Novel Sales. DOM enterprises present avlatlge level output that is a ninth part

of GM and a third part of EXP’ performance.

Knowledge input

Concerning knowledge inputs, the same patternsfigirentials are observed: more globally
engaged enterprises use more inputs in producimgicheas. Knowledge inputs are captured
by R&D expenses and non-R&D expenses. IntramuraDR&penses refer to the creative
work of personnel guiding the knowledge increase &ninvestment spending in buildings
and specific equipment for R&D activities. ExtramlurR&D expenses refers to the
acquisition of R&D from both public or private iitstions. Non-R&D expenses may include
the acquisition of equipment, machinery, softward hardware specifically to produce new
products or services, and also expenses for oitternal knowledge — buying or licensing of
patents or rights.

As reported in Table 3, fomtramural R&D expensesGM presents a seven times
higher level andEXP a three times higher level thadOM firms. The differences for
Extramural R&D are even more pronouncXP firms present higher R&D expenses than
IM but in what concerns Non-R&D expenses their pmsiis inverted. In total Innovation

Expenses the differences between the groups o$ fimm quite similaf.

Table 3 - Knowledge Inputs (mean values)

Intramural Extramural | Non R&D Total Innovation | Personnel
Sub-sample R&D Innovation effort trainin
R&D expenses . . 9
(thousand expenses | intensity (% of

'21n Portugal, the non R&D expenses in innovatiocoaat for three quarters of all innovation expenses
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of €) (thousand| (thousand | (thousand (%) firms)
of €) of €) of €)
GM 163 94 607 864 1.28% 57.5%
EXP 63 21 260 344 1.44% 33.6%
IM 20 8 274 302 0.50% 40.5%
DOM 23 6 102 131 1.05% 25.7%
All 49 18 207 274 1.22% 32.8%

Source: Own calculations

Notes: Innovation effort intensity means the ratid@ otal innovation expenses on turnover.
Personnel training is a variable equal to oneh& employees receive internal or external training
specifically oriented to the development and intiitbn of new products or processes or of highly

improved ones.

Given the possibility that the superiority of magbal enterprises may reflect their
greater size, we also study the behaviour of “lmtiow Effort Intensity” that represents the
share of total Innovation Expenses in each firmradver. In contrast with previous results
we find that, on one har@XP firms show the highest innovation effort intensayd on the
other handDOM firms present an unexpected high value compardd andGM firms. This
may be explained by the fact that b&M andIM firms may rely on their parent company
innovation efforts.

In light of the unavailability of data on R&D perseel, we used the percentage of
firms, of each group, that reported internal oreexal personnel training especifically
oriented to the development and introduction of peaducts or processes. More than 50% of
all GM firms report to achieve that type of personneintrgy, but only a quarter dbOM

firms report having personnel training for Innowati

Sources of knowledge information

Given the fact that not all of the variation in kvledge outputs can be accounted for by
variation in knowledge inputs, it is important taudy how and where firms get information
on knowledge improvements, and how important tismsgces are. In CIS 4, each innovative

enterprise was asked to report where came fromvaluable information for innovation and
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which was the importance of that source: high (c8gemedium (code 2), low (code 1) or
null (code 0).

Table 4 shows the mean values of these answersjdeoimg the information origin:
Internal to enterprises (including all informatiorternal to the enterprise or to the group),
from Suppliers and Clients (“Vertical type”), frobmniversities and Polytechnic schools and
other interface organisations, from Government fdatosies and institutions, from
Competitors, from “Free access sources” includinfprmation obtained in Conferences,

Scientific publications, Professional meetings &ndlly from Private Consulting.

Table 4 - Knowledge Flows (mean values), values imits

S | el | suppl| Clien | Unive | Gover| Comp | ‘cec | [iF | T | Consut| A1
GM 0.88 1.13 0.98 0.73 0.64 1.18 1.26 1114 1.14 0.0 001
EXP 0.76 0.89 0.85 0.59 0.53 0.64 0.90 0/95 0.90 0.63 900
IM 0.62 0.87 0.82 0.39 0.38 0.82 0.69 0l75 0.12 0.63 670
DOM 0.53 0.61 0.59 0.29 0.25 0.61 0.61 0/60 0.55 0.88 500
All 0.65 0.77 0.73 0.44 0.40 0.79 0.77 0.79 0.74 520. 0.59

Source: Own calculations

Notes: Each variable is a categorical indicatorhofv important a different knowledge source is te th
enterprise’s innovation activity. Each of them tskeur possible values: 0, 1, 2, 3; higher valumgehgreater
importance as an information source. For each tedhe is the mean of each sub-sample. “All solrces
represent the average of all types of sourcehidnable we report the mean values for each grotimus.

In general GM learn two times more anéXP learn 1.8 times more thddOM firms.
The difference is even more evident in learningmfrdJniversities and Government
institutions. On the other han®OM firms have their “highest” level of learning iniehts

and suppliers and their lowest level in the “formalirces” as Government and Universities.

Overall knowledge statistics
The four groups of firms differ in all three area$ knowledge production functions:

knowledge outputs, knowledge inputs and accessowesffrom existing knowledge. These
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results confirm that firms use and exploit diffaigrthe existing stock of knowledge and
flows.

The data of Table 5 also show that more global gegdirms have higher “knowledge
output productivity”. Using “novel sales per intraral R&D expenses’'GM display an
“innovation productivity” four times higher thddOM firms and that represents the double of
the level of EXP. This suggests that innovation resources may fhfferent efficiency

depending on firms global engagement level.

Table 5 - Knowledge Output Productivity

Sub-sample Novel Sales per Intramural  Novel _Sales per Total
R&D Expenses (€) Innovation Expenses (€)
GM 56 9
EXP 26 6
IM 44 8
DOM 14 6
All 23 7

Source: Own calculations

CIS also allows us to know if a firm participatesactive innovation projects with other
firms or non-commercial institutions. Firms wersaéncouraged to state which collaboration
partner was the most crucial from a list of othem$ in the group, suppliers, clients,
competitors, private consulting, universities analyfechnic schools, governmental
laboratories and public R&D institutions. 528 firasswered this question. Suppliers (25% of
all answers), other enterprises of the same gra8fo) and clients (18%) were the most cited
sources of co-operation. Looking at the partnessimade byEXP the most crucial partners
were clients and suppliers, each indicating 23%lbto-operation agreements. This could
mean that exporting firms learn more (in knowletiyens) from their clients and suppliers.

On the other hand, it was possible to recognize tthea lack of information was the
main obstacle firms faced concerning innovationitgbiThe shortage of market information,

the lack of innovation partnerships and scarcitgkified personnel were also handicaps for

16



more innovation. Concerning with the usefulness imfovation as perceived by the
respondents, there was a clear majority of answeestifying labour cost reduction and
higher flexibility in production as the most impant effects, suggesting the possibility of

productivity improvements.

4. Estimation issues and econometric strategies

At the estimation level, given the different natofehe three measures of knowledge output,
different econometric estimators were requirdchovation — Product or Procesand
Innovation Protectiorare binary variables assuming only zero or onaeslbutNovel Sales

IS continuous non-negative, although frequentlyiassg zero values.

For the two binary variabldanovation — Product or ProcessxdInnovation Protection
we estimate several KPF versions using probits éswl using logits, although not reported).
We report the marginal effects on the dependemntabia; at the mean values of the regressors
and we also present the standard errors of margiffeadts. The purpose is to report the effect
of a unit increase in the independent variableistijdon the probability that the dependent
variable equals oneseteris paribus Estimations are compute using maximum likelihood
method.

Endogeneity may be important in these estimati@wmne regressors, namely those
connected with knowledge inputs, may be correlatétl the regression error term. Some
unobserved determinants of innovation success Isanaffect knowledge level inputs. It can
result from certain unobserved firm fixed effedilse a highly-valued R&D culture or a high
propensity for new ideas and organizational changiesan also arise from time-varying
effects, like a high (but short run) firm managkt&éent or a country-favourable innovation
policy. In order to minimize those handicaps, we asommon set of control variables for all

estimations: in particular, industry and servicenduies and size (measured by the some
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categories of level of employmenf)Furthermore, our global-engagement regressors have
the advantage that may proxy for unobserved firfacés such as firms’ managerial ability.
We could not employ other recommended strategiedsleta with endogeneity, such as
instrumental variables or panel data methods duienttations of data availability (e.g. R&D
personnel and other CIS data wave were not avajl&bl

With regard to the fourth innovation measulNgvel Salesgiven the fact that this
variable is a continuous non—negative but equals fog many firms, we estimate KPF using
the tobit model (censored regression model). Asnemy censored regression models, a
change in a certain independent variable has twdskof effects: a change in the mean of the
dependent variable, given that it is already ob=gtrand also a change in the probability of
the dependent variable to be observed (given ttieitfavas not yet). In order to obtain the
marginal effects of interest we use the McDonald Ktoffit (1980) decomposition to report
marginal effects conditional on positive Novel Salhat is to say, the former kind of effect.
In order to perform it irbtata 10we followed Cong (2001) and Kang (2007).

Estimation of KPF raises some measurement issaebidive been previously discussed
in Criscuoloet al (2005). Possible measurement errors in regregsarput knowledge) and
regressors (input and knowledge flows) may arisetedver, the answers on the survey may
be question and context dependent. Neverthelessjdiness of our data plus the fact that it
is direct data and importance-weighted gives uspthesibility to control for many possible

biases from the omission of relevant variables RFkspecification.

5. Estimation results

13 We were not allowed to access the real numbempi@yees but only to the four dimension groupsowélt
firms” employment: dimension 1 (5 to 9 employe@iinension 2 (10 to 49), dimension 3 (50 to 249) and
dimension 4 (more than 250 employees).

1 GPEARI/MCTES denied the hand out of those dataking confidentiality issues.
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Tables 6 to 8 report the estimates of three KPBiwes that are associated with the three
different measures of knowledge output that we usspectively:lnnovation — product or
process, Innovation Protection and Novel Salesr each version of KPF function we
estimate five different specifications, always mjmg marginal effects of the regressors on
the dependent variable. In all specifications thgableDOM is excluded as a regressor and
by doing so these firms become our reference groap analysis.

The first specification, regression 1, uses aspeddent variables, the three global
engagement level$cM, EXP, IM Next, we consider as additional independent bésga
either Intramural R&D or Total Innovation Expenseg# regressions 2 and 4, respectively.
Finally, regressions 3 and 5 include additionaky tindependent variables that capture
knowledge information flows. In all regressions uge (although not reported, for brevity) as
control variables 35 two-digit industry or servidemmies and 4 classes of firm size to help

control cross-firm differences that may impact fiinmovative performance.

5.1.Estimates of KPF for “Innovation — product or process”.
Table 6, reports the estimates for the five diifiéispecifications used to study the Knowledge
Production Function fannovation -Producter Processes.

In column 1, the estimates show that all globalaratindicators are statistically
significant™ positive and their values suggest that more gipkalfirms have a higher
probability to innovate than less globalized onWe. detect thaGM are 26 percentage points
(pp) more likely to innovate than the omittBeDM firms. For exporters the advantage over
DOM is of 15 pp. In column 2 we add one knowledge inpdicator,Intramural R&D. It is
positive and statistically significant. Coefficisnif the global engagement indicators are now
slightly reduced, which means that differences he tependent variabldnfovation —

products or processgsire not mainly explained by this knowledge ingdifterences. Using

15 As validated by Z and log likelihood tests.
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an alternative knowledge input indicator, in colunthe global engagement indicators are
reduced by two thirds suggesting tHaital expenses in innovaticaare more significant in

explaining innovative performance.

Table 6 - Estimates of KPF for “Innovation — produd or process”.

1) (2) 3) (4) (5)
GM 0.261 0.240 0.188 0.070 0.180
(0.0004) | (0.028) (0.052) (0.011) (0.052)
EXP 0.154 0.148 0.043* 0.056 0.045 **
(0.016) | (0.016) | (0.029) | (0.009) | (0.030)
M 0.083 0.077* 0.158* 0.021+ 0.141*
(0.046) | (0.046) (0.079) (0.019) (0.080)
0.0012 | 0.00002*
Intramural R&D (0.0002) | (0.0001)
Total expenses in Innovation 0.0011 0.0003
(0.0003) | (0.0003)
Internal Info. 0.289 0.294
(0.022) (0.023)

. 0.101 0.102
Clients Info. (0.020) (0.021)
Supply Info. 0.234 0.231

(0.020) (0.021)
Private Consulting Info. (8891)3; (%%1127;—
University & Polytechnic Info. (8822) (882;1)
Government Info. 0.068+ 0.0006+
(0.021) (0.022)
Conferences, Exhibitions Info. (8822) (882‘;
Scientfc o o%0 0051
Professional Info. 0.029 0.018+
(0.017) (0.017)
Competitors Info. 0.086 0.086
(0.017) (0.018)
Observations 4815 4815 4815 4815 4815
LR chi2 300 462 5042 319 5072
Prob > Chi2 0.0000 0.0000 0.000d 0.0000 0.0000

Source: Own calculations

20



Notes: Each column is a different estimated speatifin and for each line we report the marginada# for
that regressor as estimated by probit. We compmatestimation of marginal effects at the mean &alue
of the regressors. All specifications include add@l control variables: two digit industry / serei
dummies and employment size (both not reportedjotifiing is mentioned all estimates are statidyical
significant at 1% level.

*: statistical significance at 10%
** - statistical significance at 5%

+: not statistically significant

Column 3 reports the regressions that include hesdriables capturing knowledge
information—flows. Overall, the estimates confirle thypothesis that information knowledge
flows contribute positively to the innovation outplEight in ten sources of knowledge
information considered are statistically significamith special relevance for internal sources,
suppliers and clients. The coefficients of inteioradl engagement are now even smaller than
in regression 25M coefficient is reduced in about one quarter BX@ coefficient is reduced
in about two thirds. The later suggests that EXihdi access and use of information
knowledge flows may be particularly relevant toithenovation output. Information from
universities and “free sources” are significant ldth minor impact. On the other hand,
information from government institutions and prevatonsulting are neither statistical nor
economic relevant.

In column 5 the regression usd@®tal expenses in innovatioas an alternative
knowledge input indicator and generally the esteratonfirm the results found in regression

3. Overall all these regression results confirmgiodal engagement hypothesis.

5.2.Estimates of KPF for “Innovation protection”.
Table 7, reports the estimates for the five diifiéispecifications used to study the Knowledge
Production Function folnnovation Protection (patent appliances, utility model appliances,
trademarks and copyrights).

In the first specification (column 1) we rdnnovation Protection on globalization
indicators and control variables. Estimates shaat #fl globalization indicators are positive,

statistically significant and their values revehhtt more globalized firms have a higher
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probability to protect innovations than less glabed ones. The coefficient &M indicates
that those firms are 14 pp more likely to protewtavations relative to the omitted purely
domestic firmsEXP firms are 10 percentage points more likely to @ecbinnovations than
the domestic enterprises. In column 2, the regrasasdddntramural R&D which is positive
and statistically significant. In column 4, we reggion uses an alternative variabletal
expenses on Innovatiobut as in the previous case the coefficients of itlternational
indicators are almost unchanged, which means tlffgrehces in the dependent variable
(Innovation Protectiopare not mainly explained by input differences.

Once we add in the ten knowledge information-floariables one can see that the
coefficients of global engagement present a sligicrease (column 3 and 5). Moreover, only
Private consulting, Professional and Governmenorinition are statistically significant.
These two facts clearly suggest that the infornmatiow variables have a small role in
explaining firms” ability to protect innovation. Mepver, not reported control variables,
especially industry dummies, have now an importegight in the explanation of the actual
variation across firms.

Overall all these regression results still confithe global engagement hypothesis.
However, theprotection of innovatiorns not so dependent of the global engagementroffi

as found in thénnovation — product or process.

Table 7 - Estimates of Knowledge Production Functio for “Innovation Protection”

1) (2) (3) 4) 5)
GM 0.136 0.129 0.090 0.132 0.092
(0.027)| (0.027) | (0.026) (0.027) (0.025)
EXP 0.107 0.104 0.080 0.106 0.082
(0.012)| (0.012) | (0.012) | (0.012) (0.012)
M 0.096 0.101 0.0921 0.096 0.088
(0.040)| (0.041) | (0.041) (0.040) (0.040)
0.00011 | 0.00007
Intramural R&D (0.00002)| (0.00002)
Total expenses in Innovation 0.000004 0.000015
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(0.0000) (0.0000)
Internal Info 0.002+ 0.0001+
' (0.009) (0.009)

. 0.0041+ 0.003+
Clients Info. (0.008) (0.008)
Supply Info 0.010+ 0.012**

PRl Ino. (0.009) (0.009)

: . 0.013 0.013
Private Consulting Info. (0.006) (0.006)

. . . 0.0044+ 0.0056+
University & Polytechnic Info. (0.007) (0.007)
Government Info 0.012* 0.011*

' (0.007) (0.007)
0.007+ 0.007+

f Exhibiti Info.
Conferences, Exhibitions Info (0.008) (0.008)

e 0.004+ 0.004+
Scientific Info. (0.004) (0.007)
Professional Info 0.014 0.016

' (0.007) (0.007)

. 0.070+ 0.006+
Competitors Info. (0.007) (0.007)
Observations 4815 4815 4815 4815 4815
LR chi2 200 244 411 207 389
Prob > chi2 0,000d 0,0000 0,0000 0,0000 0,00Q0

Source: Own calculations
Notes: see notes in Table 6.

5.3. Estimates of KPF for “Novel Sales”

Table 8, reports the estimates for the five diifiéisgpecifications used to study the Knowledge

Production Function foNovel Sales.

Table 8 - Estimates of Knowledge production functio for Novel SalesUnit: €

) 2 3 4 )

GM 7.076.513 | 6.904.537 | 3.875.123| 6.741.780| 3.794.555

(902.987) | (901.453) | (694.632)| (882.830)| (689.590)
EXP 3.560.770 | 3.489.630| 1.497.470| 3.452.112 | 1.488.026

(413.613) | (409.310) | (360.408)| (407.210) (359.235)
M 2.230.214 | 2.328.929| 1.867.307| 2.233.451 | 1.793.377

(1.206.050)| (1.201.207)| (1.056.455| (1.190.348)| (1.049.345)
Intramural R&D (thousand €) 1.097 647
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(177) (140)
Total Innovation Expenses 299 167
(thousand €) (42) (31)
Internal Info. 1.087.227 1.074.594
(225.979) (225.315)
Clients Info. 385.833 325.993
(207.034) (206.375)
Supply Info. 1.213.207 1.258.270
(217.425) (217.702)
Private Consulting Info. (15_01..:)1;65) (125;250)
University & Polytechnic Info. (1474793%88?), (147569882%5))
Government Info. 344.934 297.197
(176.040) (177.321)
Conferences, Exhibitions Info. (250358612702) (1%471822%5))
Scientific Info. 875.500 869.846
(198.455) (162.345)
Professional Info. 110.040 124.799
(162.677) (161.021)
Competitors Info 300.050** 285.450**
(170.020) (170.210)
Observations 4815 4815 4815 48115 4815
LR chi2 263 302 1318 311 1320
Prob > chi2 0,0000 0,0000 0,0000 0,0000 0,0000

Source: Own calculations

Notes: Each column is a different estimated speatifin and for each line we report the marginada# for
that regressor as estimated by tobit. For eachifgfaion we present the marginal effects condision
on non-zero values for Novel Sales. See also rif€able 6.

In regression 1 the three globalization indicatmes positive and statistically significant
and their values reveal that more globalized firgemerate moréNovel Salesthan less
globalized ones, which is in line with the conctus obtained in the other two KPF versions.
The estimates show that, conditionalNdvel Saledeing non-zero, the transformation of a
DOM firm to aGM firm generated, ceteris paribus and in averages@lus of seven millions
euros ofNovel SalesFor exporters this advantage is of three and arhdlion euros. In
column 2 we addntramural R&D expensedlt is positive and statistically significant. In

column 4 we use the alternative knowledge inpuicetdr. The results show that, conditional
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on Novel Saledeing non-zero, each additional euro sperhiramural R&D has the ability
to generate four times more new sales than eaah spent inTotal Innovation Expenses
This suggests thafotal innovation expensesme less effective to generdtievel Saleghan
firms” own R&D expenses.

In regressions 3 and 5 the coefficients of all kieolge information-flow variables are
statistically significant and they have positivepaat onNovel Salesvith the exception of
private consulting information. The global engagemmmdicators fall by 50% once the
knowledge informational-flow variables are introddc The most relevant informational
flows are suppliers, internal information and stifensources. Free sources are also vital.
The impact of clients is inferior to that foundtmo previous KPF versions.

Bearing in mind estimates in Tables 6, 7 and 8,cese state that the subsidiaries of
multinationals present higher propensity to innev#éthan exporters. Indeed, looking at
columns 3 and 5, we observe tHM coefficients are systematically higher th&xP

coefficients.

6. Innovation accounting

This section presents an attempt to evaluate thévwe importance of knowledge inputs and
of knowledge information flows, in explaining difemces on knowledge output between
groups of firms with different levels of global eagement. In general, innovation accounting
tries to establish how much of the higher innovatimitput level, of more global firm is
explained by: (i) their higher use of the knowledgput Intramural R&D expense§ (ii)

their higher ability to access and use knowledgedl iii) their globalized nature and is left

'®1n comparison wittDOM firms.
7 Although not reported — for brevity - we also éektthe alternative knowledge input indicatorTetal
innovation expenseswith similar results.
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unexplained by (i) and (if§. Table 9 presents innovation accounting statistifts each of
the three Innovation output indicators used in piaiper.

As an example, looking foinnovation- product or processye observe in Table 6
(column 1) an estimate suggesting Gat firms have a 26 p.p. higher probability to innavat
thanDOM firms. The innovation accounting splits this adege ofGM firms in terms of the
share due to differences, betweaghl andDOM firms, in Intramural R&D expenseand the
share due to differences in the use of knowleddernmation flows. For that purpose we
multiply the estimates in Table 6 (column 3) to thetual differences observed both in
Intramural R&D expense@able 3) and in the use of knowledge informatiows (Table 4).
Appendix B presents the procedures used to contpese values that are later reported in
Table 9 (column 1, rows 1 to 3.

Table 9 — Innovation accounting statistics

Innovation Innovat_lon Novel Sales
Protection

Actual difference between GM and
DOM firms (Table 2) 33p.p. 17p.p. 6.692.000€
Estimated difference between GM and
DOM firms (Tables 6, 7 and 8) 26p.p. 14p-p. 7.076.0008
GM Share of Intramural R&D 1% 7% 1%
expenses
GM Share of Knowledge Information- 141% 8% 36%
Flows
GM Share left unexplained 72% 66% 54%
Actual difference between EXP and
DOM firms (Table 2) 17p.p. 11p.p. 1.286.000€
Estimated difference between EXP
and DOM firms (Tables 6, 7 and 8) 1op-p. Lip.p. 3.561.0004
EXP Share of Intramural < 1% 4% 0.2%
EXP. Share of Information-Flows 144% 8% 41%
EXP Share left unexplained 28% 52% 42%

'8 Eventually, meaning the high efficiency connecieith the nature of more globalized firms in tratisig
Intramural R&D expenseand knowledge information flows into innovation puits.

%1n these statistics we do not consider the eséisnat the usual control variables. For this reakersum of the
shares is not equivalent to 100%.

20 Although not reported, for brevity, similar proceds and computations are made Ifatovation Protection
andNovel Sales
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IM Share of Intramural Not significant Not sigmifint -0.2%
IM Share of Information-Flows Not significant Nsignificant 37%

IM Share left unexplained Not significant Not sfgrant 67%

Source: Own calculations
Notes: The shares do not add up to 100% becauseffibets associated with control variables are not
considered.

Looking at values reported in Table 9 several assiohs arise. Firstly, our Knowledge
Production Function estimates seem to explain plppbe differences, in actual data,
between the different groups of firms as estimaddtkérences are similar to their actual
values. In what respects the innovation accounintpe Innovation — product and process,
similar results forGM and EXP firms arise. For both groups, the use of knowledge
information flows explains most of their superiomovation output. In the case of the
Innovation Protectionvariable the share dhtramural R&D expensess higher than that
found in the other two innovation functions, busigl small. In turn, the globalized nature of
GM and EXP firms is the most important factor for their supelinnovation output. As for
Novel SalesbothGM and EXP firms show similar patterns of innovation accongti Their
superior innovation output is mainly due to these wf information flows and their globalized
nature, in almost equal terms.

Moreover, it is noticed that, knowledge informatithows are clearly more important
than Intramural R&D expensesfor all the KPF versionsAlthough not reported while
computing innovation accounting, we notice that tngportance of each knowledge
information flow varies across the three KPF versidOn the one hand, suppliers, clients and
internal sources are dominant fimmovation — product or proces®n the other hand, for
Innovation Protectiorprivate consultants and government have greatportance. In what
concernsdNovel Salessuppliers and internal sources, together witkradic sources are the

most significant.
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7. Concluding remarks

In line with a recent trend in trade literaturastpaper applies, for the first time to Portuguese
firms, a new way to assess the relationship betwieeovation performance and the
international exposure of firms. To our known, thare only two similar previous studies,
using data for the U.K. and German firms, whichatoded that more internationally engaged
firms are more innovative.

This study uses a Knowledge Production Functioméwaork and data from the
European Community Innovation Survey, 2002-2004, Portuguese firms to test those
alleged and expected connections, known in theatiiee as the Global Engagement
hypothesis. We argue that the test confirms thpothesis.

This study shows that Portuguese firms that areengtobally engaged have a higher
ability to innovate. Moreover, as the level of gibbengagement rises that superiority
increases -GM firms are the better in all knowledge output iradars. These results arise
from their higher use of knowledge inputdntramural R&D expenses or Total Innovation
Expenses from their greater access to a larger stock adsde knowledge information flows-
and from their globalized nature. Those resultsrete®nsistently confirmed in each of the
three knowledge production functions used to té&t Global Engagement hypothesis:
Innovation — product or process; Innovation ProtectandNovel Sales.

This study also finds that the access to knowledfggmation flows has systematically
an higher impact on innovation ability than knovgednputs, which is in line with previous
studies. In the same line, our study reveals thatimportance of knowledge information
sources varies with both the type of innovationpatiindicator considered and the level of
global engagement of firms. In fact, Portuguesmdiaccess to the global knowledge stock

through three main channels: their internal pooinddrmation (especially for Multinational
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enterprises), their market contacts with clientsppdiers (especially for Exporters) and
competitors and also their wider access to fre@rimétion sources such as scientific
publications, fairs, conferences or professionti/aies.

On the other hand, those outcomes allowed us tovenche weakness of some models
that argued knowledge was a public and free goledhya available to the world. In fact, in
our study, we could also verify that existing knedde stock is not uniformly accessible
through the world, and that more engaged firms hao#h more access to it and higher
capacity for taking advantage of it. This logicaien called the “paradox of openness”
(Laursen and Salter, 2005) in the sense that, athamd, the innovation creation requires
firms” “openness”, resulting in additional importanfor the ability to access and adopt
others’ ideas — knowledge information flows - bait,the other hand, in order to apply and
profit from those innovations, firms also need twain returns from their innovative ideas,
which in turn requires their own internal effortdaappropriability capacity.

We are conscious that there are also other orgaomzéand environmental aspects that
Knowledge Production Function framework does noptwa and which may be of
importance in explaining the alleged innovationesigrity of the most global engaged firms.
Nevertheless, in spite of both data and methodcéddiandicaps, our findings may contribute
to a better understanding of new ideas creatiorcgs®y and in this context to the
understanding of what is so special about moreaiiplengaged firms’, given their superior
ability to develop and use more knowledge.

Future developments on this area of research cexjiore the determinants of the
differences in productivity between more and ldsbagized firms. In fact, assuming that one
of the main causes of the differences between finpneductivity are different innovative
abilities, the present study could also serve tgerthe interest in future analysis connecting

productivity and global engagement levels of Parasg firms.
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Appendix A: Survey Questions in CIS 4

1. Measures of Knowledge Outputs

Variable name

Questionin CIS 4

Product Innovation

During the three year period 20004, did your enterprise introduce ahy

technologically new or significantly improved prads (goods or services
which were new to your firm?

~

Process Innovation

During the three year period 2002-2004, did youtesrise introduce any
technologically new or improved processes for poiay or supplying products
which were new to your firm?

Novel Sales

Please estimate how your turnover in 2004 wasibliged between products
(goods or services) introduced during the peric@222004 which were:
New to your firm + Significantly improved (% of @dtturnover)

Innovation Protection

During the period 2002-2004, did your enterprisplyfor any patent, utility|
model or registered any trademark or copyright?

2. Measures of Knowledge Inputs

Variable name

Question in CIS 4

Intramural R&D

Please tick if expenditure in the category [of] rémural research and
experimental development (R&D); [and if so tickedblease estimate
innovative expenditure in 2004, including personag related investmer
expenditures (no depreciation)

—

Extramural R&D

Please tick if expenditure in the category [of] f@rtural research an
experimental development (R&D); [and if so tickedplease estimats
innovative expenditure in 2004, excluding machinespftware and othe
external knowledge

=

Total Innovation expenses

Please estimate innavatkpenditure in 2004, in Intramural R&D
Extramural R&D and other non-R&D as machinery, wafe and othe
external knowledge.

3. Measures of Knowledge Flows

Variable name

Question in CIS 4: Sources of Information for Innowation Activities.
Please indicate the sources of knowledge or informian used in your
technological innovation activities, and their impatance during the period
2002-2004.

Internal Information

Self Within the enterprisefaym Group Other enterprises within the enterpfise

group

Vertical Information

Suppliers of equipment, méiky, components or software
Clients or customers

Information from competitors

Competitors

Commercial Information

Private Consultants and Ré&fderprises

Free Information

Professional conferences, meetingde associations fairs, exhibitions

Information from Schools

Universities and Polyteictsthools

Information from Government

Government researclapizations and offices

Appendix B: Innovation Accounting for GM firms and I nnovation- product or process

Actual differences
between GM and
DOM firms

Estimates

of KPF Share

@) =1)x(2)

(4) = (3) :0.262
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1) (2
Estimated difference betwe&M and
DOM firms 0.262
Intramural R&D expenses (thousands pf
euros) 0.00002 163 — 23 =140 0.0028 0.011
Internal Information 0.289 0.88 —0.53 =0.85 0110 0.388
Clients Information 0.101 0.98 - 0.59 = 0.89 0.039 0.149
Suppliers Information 0.234 1.13-0.61=0,52 Q.12 0.466
Private Consulting Information -0.096 0.90 - 0.38.52 - 0.050 0.191
University and Polytechnic Information 0.066 0.76.29 =0.44 0.029 0,111
Government Information 0.068 0.66 —0.25 =0}41 28.0 0.107
Conferences and Exhibition Informatign 0.066 EAB61 = 0.55 0.036 0.137
Scientific Information 0.050 1.14-0.60 =0.54 270 0.103
Professional Information 0.029 1.14-055=0{59 .010 0.065
Competitors Information 0.086 1.18-0.61=0J/57 040. 0.187
All knowledge information flows - 0.369 1.41
GM nature - left unexplained by
knowledge inputs and information flows 0.188 0.188 0.72
Total contributions 0.011+1,41

0.72=2.14

+

Note 1: This table combines the coefficient estamaif Table 8 with differences between the meanegbf Tables 2, 3 and

4 to calculate what explains the actual differerindanovation — product or processetweenGM firms and purely
domestic ones. In order to perform it we split éffects ofintramural R&D expenseshe effects of all Knowledge

information flows and the effect @M nature that was left unexplained by the previaasdrs.

Note 2: The shares do not add up to 100% becaesfferrts associated with control variables arecoosidered.
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