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Résumé / Abstract 
 
Cette étude aborde et illustre un problème d’agrégation qui peut se poser dans les études 
d’innovation. Les données utilisées sont celles de la troisième enquête innovation aux Pays-
Bas, qui sont jumelées aux statistiques de la production et aux données financières des 
sociétés. Nous comparons les résultats de l’estimation d’une équation d’innovation, obtenus 
tour à tour à partir de données au niveau des entreprises (bedrijfseenheid), des grappes 
d’entreprises domestiques (onderneming), et des grappes d’entreprises ayant des filiales à 
l’étranger ou contenant des filiales de firmes étrangères installées aux Pays-Bas. 
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This paper explores the aggregation problem and illustrates its relevance using data for the 
Netherlands from the third Community Innovation Survey (CIS3), and production and 
financial statistics. It compares the results of an innovation output equation that was 
estimated using data on enterprises (bedrijfseenheid), domestic enterprise clusters 
(onderneming), and those enterprise clusters with foreign inward or outward investments. 
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INTRODUCTION 

 The innovation survey data collected by Statistics Netherlands for the Community 

Innovation Survey (CIS) pertain to enterprises. However, enterprises are, in fact, often 

subsidiaries, daughter or sister enterprises, or part of a conglomerate. When the associated 

legal entities are majority-controlled by a group leader, it is likely that key decisions will be 

taken with a view to benefiting the whole group. A model of optimizing behaviour that is 

appropriate at the group level may be inadequate to describe the decisions taken at the 

component level. When it comes to key issues like research and development (R&D), even 

legally independent firms may form networks, R&D joint ventures or technological 

alliances, in which part of the R&D is conducted jointly for reasons of cost sharing, risk 

sharing and complementarities. There is therefore justification for asking how appropriate it 

is to relate the characteristics of enterprises to their R&D or innovation decisions, as is 

usually done using innovation survey data. Would it not make more sense to relate 

innovation outcomes to determinants measured at the group level?  

 For example, suppose an enterprise is established in the Netherlands and has a 

subsidiary in China and another in the United States. The R&D is conducted mainly at the 

home base, but much of the product sales originating from this R&D investment is done in 

foreign markets through the Chinese and US subsidiaries. Dutch innovation data would 

record the R&D conducted at home and the product sales of the Dutch parent company, but 

would ignore the production and sales emanating from the foreign subsidiaries. Put simply, 

if R&D is conducted in one place and production in another, no link between R&D and 

innovation would appear in the data. 
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This chapter explores the aggregation problem and illustrates its relevance using 

data for the Netherlands from the third Community Innovation Survey (CIS3), and 

production and financial statistics. It compares the results of an innovation output equation 

that was estimated using data on enterprises (bedrijfseenheid), domestic enterprise clusters 

(onderneming), and those enterprise clusters with foreign inward or outward investments. 

2. THE INTERNATIONALIZATION OF R&D AND INNOVATION: SOME 

EXAMPLES 

The literature on the location and the internationalization of R&D suggests that firms tend 

to keep their R&D at their home base (Granstrand, Håkanson and Sjölander 1993). If they 

locate their R&D abroad, they do so for a variety of reasons: cost, lack of scientists and 

engineers in the home country, a desire to develop products adapted to local preferences 

and regulations (customization), or a determination to create small-scale research 

installations that serve as listening posts (Erken and Gilsing 2005). According to Gassman 

and von Zedtwitz (1999), there is a trend towards more internationalization of R&D, more 

networking, and more coordination of R&D among the various participating units. 

According to figures for the Netherlands in the Activities of Foreign Affiliates 

database of the Organisation for Economic Co-operation and Development (OECD), the 

proportion of R&D that took place in foreign affiliates in 2001 amounted to 22%. Similar 

figures were reported for France and Germany. Cornet and Rensman (2001) report that 

Philips, Unilever and Shell, which are among the major Dutch R&D performers, spend 

more on R&D abroad than in the Netherlands. 
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A study by Bongers et al. (2003) was based on R&D and innovation surveys in the 

Netherlands for the period 1996-2000. It reveals that in that period: (a) foreign-controlled 

firms depended increasingly on R&D financing from related foreign firms; (b) foreign 

subsidiaries tended to outsource R&D to foreign (mostly related) firms; (c) foreign-

controlled firms were on average more R&D- and innovation-intensive; (d) Dutch 

multinationals increased their execution of R&D abroad (but less than employment); and 

(e) the proportion of R&D done in the Netherlands by foreign-controlled firms was even 

smaller than the proportion of personnel they employed in the Netherlands. Goedegebuure 

(2000) reports that, for 31 enterprises in the MicroScope database for which Dutch and 

worldwide data have been available since 1988, 66% of total revenue is produced abroad. 

Spithoven and Terlinck (2005) make the point that research stays at headquarters and 

development gets done in affiliates. 

The evidence above clearly indicates that, in studying the returns on R&D, more 

comprehensive information is needed than is usually available from the national bureaus of 

statistics. What is unclear, however, is to what extent possibly incomplete information 

affects the estimates of the returns on R&D. 

3. VARIOUS STATISTICAL CONSOLIDATION MEASURES OF DUTCH 

ENTERPRISES 

Data for the Netherlands from the CIS3 for the period 1998-2000 were used for the analysis 

presented here. The data on innovation, R&D, production and investment are available at 

the level of the enterprise or bedrijfseenheid (BE), which may be one part of a legal entity 

or may be a group of various legal entities, as long as all participating units are engaged in 
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the same economic activity. The BE is the lowest level of aggregation at which data on a 

given economic activity can be collected. BEs are statistical constructs that may not 

actually exist as separate legal or fiscal entities. 

In the innovation surveys, enterprises are asked whether they belong to a group — 

that is, whether they are affiliated with other firms — and, if so, whether or not the parent 

company of the group is located abroad. This information allows an investigation of 

differences in innovation behaviour among enterprises that belong to a group, but it does 

not reveal the composition of groups. For the analysis presented here, it was therefore 

preferable to rely on the Micronoom dataset. The latter, constructed by Statistics 

Netherlands by the merging of R&D, innovation, production, investment, financial and 

trade statistics, reveals the composition of enterprise clusters or onderneming (OND), 

formed by the grouping of BEs. The OND corresponds to the consolidated domestic 

accounts of a cluster of related enterprises (Diederen 2001). 

One way to ascertain whether the enterprise or the enterprise cluster is the more 

relevant unit of analysis would be to compare the results of an innovation production 

function at the level of the BE and the OND. However, it must be borne in mind that, for a 

number of reasons, the OND data do not necessarily (and mostly do not) correspond to the 

data from the legal entities, or companies, with which they are associated. For example, 

ONDs do not consolidate the activities of the foreign subsidiaries of a Dutch company. 

Moreover, an enterprise cluster so constructed may not represent an entire company, 

because some constituent enterprises are not included in the innovation surveys. It is only 

for R&D data that the enterprise cluster total more or less corresponds to the total at the 

company level. From the Statistiek Financiën van Grote Ondernemingen (SFGO), an 
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annual financial survey of large non-financial companies based in the Netherlands with a 

minimum value of around €10 million, dummies for the existence of Dutch-controlled 

subsidiaries in foreign countries and for the existence of Dutch-based foreign-controlled 

multinationals can be constructed. In this way, Dutch enterprise clusters with foreign 

inward or outward (majority-holding) investments can be constituted. 

It is thus important to point out that the data to analyze operations at the level where 

decisions are taken — for instance, at the level of the multinational company — were 

unobtainable. Another level of decision-making that could be used is that of the network, 

which would comprise all firms with interconnected financial ties. Such networks would 

include even minority investments in domestic and/or foreign subsidiaries. Again, such a 

dataset was impossible to construct. 

4. ECONOMETRIC MODEL 

In the Oslo Manual (OECD/Eurostat 1997, 73), which underlies the Community Innovation 

Surveys, one of the measures of innovation suggested is the share of total sales due to new 

or significantly improved products. In the CIS3, enterprises had to report whether they had 

introduced a product innovation to the market between 1998 and 2000 and, if so, the 

intensity of their innovation behaviour. Not all enterprises were product innovators; some 

were purely process innovators. They had to report whether they had introduced a new or 

significantly improved production/manufacturing process to the market in the three-year 

period. There was no question in the Dutch innovation survey that asked about the intensity 

of process innovation. Some enterprises may have had no innovation activity at all; others 

may still have been in the process of introducing an innovation or may have tried to do so 
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without success. The latter two categories of enterprises were classified as non-innovators. 

Thus, selectivity was operating here: only product innovators reported shares of sales from 

innovation. 

The innovation output model adopted here, taken from Raymond et al. (2004), takes 

care of the selectivity and also to some extent of the process innovators. Formally, the 

model consists of two latent variables y*,1 and y*,2, defined by the following equations: 

111
*
1 εβ += xy        (1) 

222
*
2 εβ += xy ,       (2) 

 

where the observed occurrence of innovation is defined as  
 

01 =y  if 0*
1 ≤y  and 11 =y  if 0*

1 >y  

 

and where the observed share of sales from innovation is defined as 
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In equations (1) and (2), x1 and x2 are vectors of explanatory variables, and 1ε  and 

2ε  are random-error terms following a bivariate normal distribution with correlation 

coefficient ρ. The model is a two-limit Tobit model with two decision equations (two latent 

variables, y*,1 and y*,2) and two thresholds (c1 and c2). The first latent variable determines 
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whether or not an enterprise innovated. If, given the explanatory variables, the latent 

variable has a negative value, no innovation took place; if the value is positive, innovation 

did occur, and the type of innovation behaviour is denoted by the value of the second latent 

variable. If the latter is below threshold c1, the enterprise was a process-only innovator: no 

product innovation occurred; if it lies between the two thresholds c1 and c2, the enterprise 

was a product innovator; if it exceeds the second threshold, the enterprise was a large 

product innovator, probably a newcomer, whose total sales were due to new products. The 

second latent variable takes the observed value of the share of sales from innovation when 

it is between the two thresholds. The vector x2 explains the intensity of product innovation. 

As explanatory variables for the probability of innovating, the following were 

introduced: size (measured by the number of employees); relative size (measured by the 

ratio of the enterprise’s revenue to that of the domestic industry); and international 

competition (proxied by the indicator of whether the main market was the international 

market). The intensity of product innovation was explained by the following: the size of the 

enterprise; a demand-pull indicator (a dummy variable that takes the value 1 if “opening up 

new markets,” “extending the product range” or “replacing products phased out” received 

the highest score as an objective of innovation from respondents); a technology-push 

indicator (a dummy variable that takes the value 1 if “improve production flexibility,” 

“increase production capacity,” “reduce labour cost per produced unit” or “reduce materials 

or energy per produced unit” was given the highest score for the effects of innovation by 

respondents); a proximity to science indicator (a dummy variable that takes the value 1 if 

private or public research institutes, universities or institutes of higher education received 
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the highest score as sources of information for innovation from respondents); a dummy for 

innovation co-operation; a dummy for government subsidies (from local, regional, central 

or European Union (EU) governments); R&D intensity (measured by the R&D/sales ratio) 

for R&D performers; a dummy variable that takes the value 1 if R&D expenses were zero 

(this was included to account for the discontinuity in R&D due to the assignment of a zero 

for R&D intensity when there was no R&D); and a dummy for continuous R&D 

performance.1 R&D here included both internal and external R&D. 

At the level of the enterprise cluster, the shares of sales from innovation and the 

R&D/sales ratios are weighted averages of the shares and ratios of the individual 

enterprises. The dummy variables take the value 1 when one of the member enterprises 

takes the value 1. The composition of the clusters was determined as of the end of the year 

2000. Between the beginning and the end of that year, clusters may have changed in 

composition because of mergers, entries or exits. In both equations, two-digit industry 

dummies were controlled for. The model was estimated by maximum likelihood. 

5. COMPARISON OF ESTIMATES FOR INDIVIDUAL ENTERPRISES AND 

ENTERPRISE CLUSTERS 

The leading R&D-performing companies, generally large in size, were expected to manage 

their innovation activities globally, locating their research facilities according to the supply 

of scientists and engineers, the cost of conducting research and the presence of 

technological clusters, and their production facilities according to market proximity, 

economies of scale and workforce concentration. A discrepancy between R&D and 

production locations could lead to biased estimates of the innovation production function 
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— that is, of the returns on R&D in terms of sales from innovation or the determinants of 

innovation. If conglomerates tended to keep their core knowledge in their home country, 

but located their production facilities abroad, the returns on R&D in terms of sales from 

innovation estimated from domestic enterprise data would be biased downward. Foreign-

controlled firms were expected to benefit from their owners’ stock of knowledge and to 

behave as agents of larger multinational corporations. If the R&D conducted in the host 

country played a secondary role in the overall research strategy of a multinational company 

and the subsidiary in the host country was above all a production facility, then using 

enterprise data for the subsidiary would most likely lead to an upwardly biased estimated 

return on R&D. 

The model outlined in the previous section was estimated at different levels of 

aggregation. Estimates obtained with enterprise data and with enterprise cluster data were 

compared. The innovation behaviour of all enterprise clusters and that of those with foreign 

links either because they were subsidiaries of foreign enterprises or because they had 

subsidiaries in foreign countries were also compared. 

The descriptive statistics in Table 1 show that, with few exceptions, all variables 

increased on average in the move from the sample of all enterprises contained in the CIS3 

to the sub-sample of those also contained in the SFGO (columns 1 and 2), and in the move 

from all enterprise clusters in the SFGO to the sub-sample of multinational enterprise 

clusters in the SFGO (columns 3 and 4). Of course, enterprise clusters generally had larger 

mean value than enterprises (columns 2 and 3). However, R&D intensity hardly changed, 

and the share of sales from innovation was slightly lower for enterprise clusters. 
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Table 4.1: Descriptive statistics: CIS 3, Dutch manufacturing 
 
Variable Mean 
Descriptive 
statistics level 

All enterprises 
in CIS* 3 

All enterprises 
in CIS 3 and SFGO** 

All enterprise clusters 
in SFGO 

Enterprise clusters 
with foreign participation in SFGO 

Innovators only 
Share of innovative sales (in %)   28   28  24   26 
Number of employees 204 354 673 727 
Dummy for demand pull (in %)   75   78  83   82 
Dummy for cost push (in %)   54   58  64   64 
Dummy for proximity to science (in %)   20   27  31   30 
Dummy for innovation cooperation (in 
%) 

  31   45  50   53 

Dummy for non-R&D performer (in %)   28   18  16   14 
Dummy for continuous R&D (%)   53   66  69   73 
R&D intensity (in %)     2     2    2     2 
Dummy for subsidies (in %)   52   64  70   73 

Innovators and non-innovators 
Percentage of innovators 59   73   83   87 
Number of employees 176 306 594 654 
Market share (in%)        0.40     1    2      2 
Dummy for international competition (in%) 29   43 54   61 
Number of observations 2709 833 485 357 
*CIS 3: Community Innovation Survey 3; **SFGO:  Financial survey of large non-financial companies 
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-R&D performer  -1.62**  (0.33)  -1.60**  (0.55)  -2.71**  (0.74)  -3.92**  (0.98)  
Continuous R&D  0.06  (0.16)  0.15 (0.26)  0.10  (0.36)  0.02  (0.50)
R&D intensity  0.24**  (0.05)  0.21**  (0.08)  0.47** (0.10)  0.68**  (0.12)
Subsidies  0.16 (0.13)  0.24 (0.21)  0.40 (0.28)  1.11**  (0.36)
Intercept  2.16**  (0.47)  0.69 (0.87)  3.71**  (1.11)  1.17 (1.49)
Standard deviation of ε 2  3.21**  (0.09)  2.65**  (0.12)  2.97**  (0.13)  2.48**  (0.12)

 Probability to innovat e 
Number of employees  0.15**  (0.03)  0.47**  (0.08)  0.39**  (0.11)  0.76**  (0.19)  
Market share  0.06* (0.03)  -0.13* (0.07)  0.03 (0.09)  -0.10 (0.16)
International competition  0.26**  (0.05)  0.25**  (0.09)  0.20†  (0.12)  0.52* (0.22)
Intercept  -0.19 (0.30)  -3.01* * (0.78)  -1.29 (0.99)  -4.17* (1.77)
Standard deviation of ε 1     1 

(Assumed)
   

Correlation of the error terms  -0.92**  (0.01)  -0.87**  (0.04)  -0.97**  (0.01)  0.31 (0.25)
 
Number of observations  2709  833 485 357 
Log-likelihood  -5057.60  -1684.58  -1017.66  -759.63  
Significance levels:   †: 10% *: 5% **: 1% 

Table 4.2:  Two- Limit tobit model with sample selection: CIS3, Dutch 
manufacturing 

 
 
Variable  Coefficient  (Std. Err)  Coefficient  (Std. Err)  Coeffici ent (Std. Err)  Coefficient  (Std. Err)  
Estimates level  All enterprises in CIS 3  All enterprises in CIS 3 and

SFGO 
All enterprise clusters in

SFGO  
Enterprise clusters with
foreign participation in

SFGO  
 Intensity of innovation  

Number of employees  -0.52**  (0.07)  -0.33**  (0.11)  -0.76**  (0.13)  -0.26 (0.16)  
Demand pull  1.20**  (0.14)  1.23**  (0.22)  0.50 (0.32)  0.71†  (0.41)  
Cost push  -0.01 (0.12)  -0.23 (0.19)  0.01 (0.25)  0.06  (0.32)  
Proximity to science  0.18  (0.15)  0.07 (0.21)  0.08 (0.27)  -0.09 (0.33)  
Innovat ion cooperation  0.43**  (0.13)  0.53**  (0.19)  0.28 (0.25)  0.04  (0.32)  
Non
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The estimates are reported in Table 2. First, the model was estimated using the 

sample of all enterprises in the CIS3 after those with fewer than 10 employees, zero revenue 

and a greater than 50% R&D/sales ratio had been eliminated. The latter, somewhat arbitrary 

criterion was intended to exclude enterprises whose main activity was doing R&D.2 The 

probability of innovating increased with size (absolute and relative) and international 

competition.3 Doubling the absolute size increased the probability of being an innovator by 

5%, while doubling the relative size increased the probability by 2%. However, sales from 

innovation did not keep pace with increases in size. The share of sales from innovation 

increased under the influence of demand-pull and tended to be higher in firms that co-

operated in their innovation efforts. Technology-push, government subsidies, continuous 

R&D and proximity to science did not significantly affect the intensity of product 

innovation. However, R&D was seen as a significant input to product innovation. The 

computed elasticity for the share of sales from innovation with respect to R&D intensity 

was equal to 0.17 with a 0.04 standard deviation.4If R&D intensity increased by 10%, the 

share of sales from innovation increased by 1.7%. 

When the estimation was restricted to the sub-sample of enterprises that were both 

in the CIS3 and part of a company included in the SFGO, the number of observations 

dropped from 2,709 to 833. It should be noted that, by and large, similar results were 

obtained in terms of the direction and size of the coefficients, except for the size effect. For 

the probability of innovating, the marginal effect of absolute size was more pronounced and 

relative size yielded a negative effect. For the intensity of innovation, the marginal effect of 

size was somewhat lower than in the larger sample. This may be explained by the fact that 
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inclusion in the smaller sample was dependent on the inclusion of the parent company in the 

SFGO survey. 

These estimates served as a benchmark for the estimates of the determinants of 

innovation at a higher level of aggregation. The same relationship was now estimated at the 

level of the enterprise cluster, with a certain number of enterprises being regrouped. When 

only enterprise clusters in the SFGO that were made up of enterprises that were in the CIS3 

were considered, the resulting number was close to that of the same universe of enterprises 

as in the previous example. At the enterprise cluster level there were now 485 observations.5 

Those clusters were incomplete, since they excluded both enterprises not sampled in the 

CIS3 and foreign affiliates.  In general, the parameters of the model kept the same sign but 

were less precisely estimated. It is interesting to note that the coefficient of the logarithm of 

R&D intensity remained highly significant and increased in magnitude from 0.21 to 0.47. 

All other things being equal, the average share of sales from innovation was higher for 

R&D-performing firms, and the marginal return on R&D from the share of sales from 

innovation more than doubled. This could be explained by the existence of intra-group 

R&D externalities. Blanchard, Huiban and Sevestre (2004) have obtained evidence to this 

effect from French enterprise data. If members of a group were aware of these externalities 

and internalized them, as it were, the level of R&D should optimally have been chosen at 

the group level. 

Limiting the analysis to multinational enterprise clusters, either domestic with 

majority holdings in enterprises abroad or foreign with majority holdings in enterprises 

located in the Netherlands, reduced the observations to 357.6 The probability of innovating 

was determined more by size and international competition at the level of the enterprise 
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cluster than at that of the individual enterprise. Selectivity was less of a problem, as 

revealed by the insignificance and low magnitude of the correlation coefficient between the 

error terms in the selection equation (equation (1)) and the innovation intensity equation 

(equation (2)). International competition had a stronger impact on the probability of 

innovating for multinational enterprise clusters than for domestic ones. Facing international 

competition increased the probability of being an innovator by 8% for multinational 

enterprise clusters compared with 5% for all enterprise clusters combined. The difference in 

average intensity of innovation between R&D-performing and non-R&D-performing firms 

was greater for enterprise clusters with foreign involvement than for domestic enterprise 

clusters, and the marginal return on R&D from the share of sales from innovation was 50% 

higher for enterprise clusters with foreign involvement compared with all enterprise 

clusters. It is thus likely that additional intra-group cross-border R&D externalities existed 

at the level of multinational enterprise clusters. 

6. CONCLUSION 

The results from an innovation production function equation, with selectivity, were 

contrasted using data from enterprises and enterprise clusters, with and without foreign 

direct investment. The level of aggregation at which decisions are most likely to be taken 

was not tested, although this is an interesting question that needs to be addressed. Rather, 

the innovation production function was compared at two levels of aggregation, the 

individual enterprise and the enterprise cluster. The difference is probably most relevant for 

multinational enterprises, but unfortunately data are available only at the national level. 

However, it was possible to define a subgroup of enterprises and enterprise clusters with 
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major foreign inward or outward investments and compare the results for domestic and 

foreign-owned enterprise clusters. 

The results suggest that, to obtain more precise knowledge about the effects of R&D 

on innovation, and therefore to be able to have more credible guidelines for possible 

innovation policies, more comprehensive information is needed at the level of the company 

rather than at the level of the enterprises that form the company. The ongoing process of 

globalization poses a particular problem in this respect. Whereas national laws and tax 

regulations are the basis for the statistics that are usually available, even in the Community 

Innovation Surveys, it is likely that the decisions to innovate and to invest in R&D are taken 

“across borders.” The preliminary results show that the quantitative effects of modelling 

innovation behaviour at the “wrong” level may be far from negligible. 

In view of the evidence of differences in innovation behaviour between individual 

enterprises and those in clusters and in view of the theoretical argument that firms in a 

group take the group’s interests, constraints and possibilities into account when making 

decisions, it would be interesting to collect statistics at the group level, in particular for key 

variables such as R&D and innovation. Companies that are quoted on the stock exchange 

have to publish consolidated annual reports. Dun & Bradstreet have some data on 

multinational companies, but they are not necessarily innovation data. If the aim is to 

understand what drives innovation in large firms that are technological leaders, which 

account for the largest part of total R&D, it would be useful to obtain group-level statistics. 

In this way, it would be possible to get a clearer picture of whether size, R&D, market 

share, barriers to innovation and other determinants of innovation are relevant as stimuli for 

innovation, and hence whether they are worth acting upon to foster innovation. 
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With regard to developing indicators of innovation, the internationalization of 

business activity must be taken into account. To do this, statistics have to be collected at the 

group, or company, level, and this would require international surveys and co-operation 

among statistical offices. In Europe, such co-operation would be consistent with the Lisbon 

objectives. 
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1 In order to have the dependent variable vary in the same range as the error term, a logistic transformation 
was applied to the share of sales from innovation. 
2 Eighty-two enterprises with an R&D intensity greater than 50% were eliminated. 
3 The marginal effects of the explanatory variables in the selection equation (equation (1)) were obtained by 
multiplying the estimated coefficients by the mean value of the normal density evaluated at the estimated 
score. 
4 The elasticities for the share of sales from innovation were computed by multiplying the estimated 
coefficients by  (1 minus  the average share of sales from innovation). 
5 In many cases, enterprises and enterprise clusters are the same thing. If enterprise clusters with only one 
enterprise were eliminated, the sample would be cut to one-third and would no longer yield enough 
observations to identify all parameters in the model. 
6 There were not enough observations for separate estimates of the subset of domestic enterprise clusters with 
no foreign involvement, the subset of enterprise clusters under foreign control or the subset of enterprise 
clusters with foreign affiliates. 


