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Abstract
In this paper, we propose an economic model toyaadhe sales out of new products. This

model accounts for the fact that even among fimnsvhich R&D is a permanent activity, a
fraction of firms does not have sales of innovapiveducts during a two-year observation
period. We propose a model in which the fixed cos$istroduction is a major concern in the
decision making process. In a structural model sterate the fixed costs of the market
introduction of new products and explain subseqgsal#s of innovative products. We examine a
indicator of innovative output, i.e. sales of proginew to the firm'. We estimate fixed costs
thresholds using data from the Dutch part of thex@anity Innovation Survey (CIS) from 1998.
R&D intensity, competition and market structure éapositive impact on sales of new
products. The most important factors to decreasditled costs threshold of introduction are

product related R&D investments, R&D subsidies mowledge spillovers.

Keywords: Innovation, Product R&D, Threshold model
JEL Classification: C51 (Model construction andraation), L23 (Organization of production),
030 (Technological change, research and development

1 I ntroduction

In this paper we present a new model to providiglrsn the innovation process. This model
accounts for the fact that even among firms forolR&D is a permanent activity, a fraction of
firms does not have sales of innovative productdia two-year observation period. We
propose a model in which the fixed costs of intiithn is a major concern in the decision
making process. In this study we analyse an indiaafta firm’s innovative output, i.e. sales per
employee of products that are ‘new to the firm’isTimdicator has been analysed in Brouwer
and Kleinknecht (1996) first. They noted that, dgrihe observation year, many firms had no
sales out of new products and proposed an ad hdelrtmdeal with the observations with zero
sales. A drawback of their procedure is that thampater estimates do not have a clear

interpretation.
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In this study we start from the assumption thagriter to introduce a product innovation, the
firm must incur fixed costs. At the time of congitg a new product introduction, the firm will
compare fixed costs with expected (net) revenuesglthe economic lifetime of the product,
and only if revenues exceed fixed costs, the fiithimtroduce the product. We show that this
simple theoretical model leads to a specific cegboegression model, the stochastic threshold
model. Moreover, from theoretical considerations oan argue that variables that affect fixed
costs do not have a direct effect on the levebtd#ss This suffices to identify the parameters of
the threshold model. Although, without further asptions, we cannot estimate fixed costs
directly, we can identify determinants of the tin@sl and of the sales of innovative products.
This is an improvement on the estimates obtaind&ftauwer and Kleinknecht (1996) who did
not distinguished between these two equations.rBstimates are reduced-form estimates,
while we present structural estimates that cormedjo a structural economic model, and allow

for an interpretation in the context of that model.

Our paper is organised as follows. In section 2ni®duce the theoretical model and describe
the corresponding econometric model. Section udses our data. Section 4 presents our
hypotheses. In section 5 we present and discussutitemes of our estimates, and conclusions

are drawn in section 6.

2 Sales of innovative products with fixed costs of introduction

In this paper we deal with a theoretical and eropinmodel based on Brouwer (1997). Some
investments have the character of irreversible swsks, which explains the observation that the
resale or scrap value of certain investments gaige specialised pieces of machinery) is much
lower than the purchasing price. The introductibaminnovative product that is new to the firm
is also imperfectly reversible and involves fixexbis. Such fixed costs can be related to
investment in specific knowledge, acquisition ofgue rights, training, market research,
advertising, or purchase of specialised equipmerthis section we develop a theoretical model
that takes into account these fixed costs of intetidn. This model implies that the innovative
product is introduced if (expected) sales exceeertain threshold. We then specify a statistical
model that corresponds to this economic model vemdhow that the restrictions that can be
derived from the economic model are sufficientdenitify this threshold, which we assume to be

firm specific.



2.1 The theoretical model

Besides fixed costs of introduction, there may theoreasons of why an R&D performing firm
does not have sales of innovative products in iqodar year. The product may be still under
development or the firm may have realised gurlycessnnovations that were asked for in a
yes/no question (without assessing sales relatiéjl to our analysis, we concentrate on firms
that engagpermanently(other than occasionally) in R&D and that haverbéeveloping new
products in the recent past. Wider definitionsarhple firms have also tentatively been used in
our estimates but will not be documented in deséilce these analyses did not lead to
substantially different outcomes. We assume thaR&D performing firms must decide in any

year whether to introduce some innovative product.

First, we introduce the variables used in the model

= R&D spending;

= annual sales of the innovative product;

= expected annual sales of the innovative product;

= fixed cost of introduction of the innovative gret;

= economic lifespan of the innovative product;

= discount rate;

v = mark-up of the price over variable cost per.unit

Without loss of generality we assume that all R&iersding is done at time 0, just before the
introduction decision. At that time the expectestdunted return from the investmetis

~ Ho0oxn < W”
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We assume that R&D spendiafjas a positive effect on the expected sales ahtiwvative
product. The first-order condition for a profit niimum is

@ Yfi-e")u(g=1

If we assume that/ (s) <0 and £/ (g > 0, then the first-order equation has a finiteition
which may be 0. We denote this optimal R&D invesitrigy s The optimal level of R&D
spending is independent of the fixed cost of iniibn c. Furthermore, R&D spending rises
with y, which is an index of competition. The strongempetition, the lower is the optimal
R&D spending. Unfortunately we do not have an indegompetition. Instead we use a

Herfindahlindex as a proxy of competitibithe optimal level rises also with T, and it fallith

r. We unfortunately have no indicator of the ecoiwiifespan of the innovative product at our

2 strictly speaking a Herfindahlindex of conceritratis not an equivalent of an index of competition

However in concord with the Structure-Conduct-Penfance framework a concentration index can be
regarded as a proxy of competition (Church & Wag€o0).



disposal. This may seem an important omissionderoto identify the proposed model.
However from a an entrepreneurial point of viewfetsales are unknown and the decision to
introduce a new product onto the market will depenaxpected sales, which will depend on
demand i.e. consumer preferences, and productitsttiost and imitation, in short competition,
which is already incorporated in the model. We wilborate on supply, demand and market
conditions later on.

Note thafu(s) is the expected sales at the time that the lefvRI&D spending is determined. In
this model these expenditures on R&D are callecttiieent R&D spending which are the costs
the entrepreneur is expected to recover from galdsstinguish from the R&D spending in the
past which can be considered as sunk cost, whidefgition have no relevance in the decision
making process whether or not to introduce new yctedonto the market. At the moment that
the decision whether to introduce the innovativadprt is taken, the expected sales differ from
their previously expected value by a predictiomevrand are equal to

@) YEHET)HV

The innovation is introduced if and only if the exped discounted return exceeds the fixed cost
of introduction

plud=) + ) o)

(4) .

Equation (3) and inequality (4) specify a threshr@lgression model: if the expected revenues

>C

exceed the threshold costs (in inequality (4)) tbelles are given in equation (3).

This simple theoretical model implies that the wti level of R&D spending and hence the
expected sales of the new product, is independehecaost of introduction. This does not mean
that the R&D effort is independent of the costsntifoduction. If the expected costs of
introduction are high, the project may be unprtii¢ai.e. the expected discounted return in (1)
may be negative, and the project will not be immated. However, given that a project is
profitable, the optimal spending is independertheffixed costs of introduction. This result is
important for the specification of the thresholddeb because it justifies the exclusion of
variables that affect the fixed cost of introduntfoom the sales equation. It should be stressed
that in our empirical model R&D effort is an expddory and not a dependent variable, i.e. we

model sales of innovative products given (past) R&tfrt.

2.2 The econometric model

For the specification of the econometric model twatesponds to equations (3) and (4), itis
convenient to introduce some further notation:

y = observed annual sales of innovative products;



y = latent annual sales of innovative products;

c = latent fixed threshold:;

X = exogenous variables that influence the sal@snaivative
products;

z = exogenous variables that influence the thresbbihles of

innovative products;
B = vector of regression coefficients of variables
a = vector of regression coefficients of varialies
€ = error term of sales equation;
n = error term of threshold equation;

O¢ = standard deviation @f
O = standard deviation aof;
p = correlation coefficient of andn.

We do not attempt to estimate the structural modé) and (4) directly. From (4) we see that
the threshold is
(6) ¢ =y < (U(S™)+V)

vii-e™T)
We express’an (5) and z(s*) in (3) as a function of exogenous variatdesdx,
respectively. In the sequel, we use the exclusgstrictions of the economic model. In other
words, variables that affect the threshold throtinghfixed cost do not enter the sales equation
(3). Hence we obtain the latent regression equsition
6) Cc =za+n

(7)Y =xB+e
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Firms will have sales of new products if and orfilihe (expected) sales of the new product
exceed the threshold. élence, the latent and observed variables are celgte
9) I=1{y" >c)
oifl=0
y if | :1}

The probability of positive sales of a new prodsct
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£0,, and® is the cumulative distribution function of therstiard

normal distribution. The expected sales of the wative product, conditional on the event that

they are positive, are
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whereqis the density function of the standard normatriiation.

The likelihood function of the threshold model &rided from the joint distribution of the

observed variabley(1)
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Hence the loglikelihood is:
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It is also possible to estimate the model by a $teme estimation method (see Maddala (1983,

pp. 228-230)). We used the estimates of the twgestaethod as starting values for the

maximum likelihood estimation.

Nelson (1977, p. 315) and Maddala (1983 p. 22%udis the identification of the parameters of

the threshold model. A sufficient condition for indiéication is that the sales equation contains at



least one exogenous variable that is not in thestiold equation. As noted before, variables that
affect the threshold through the cost of introdutitan be excluded from the sales equation, so

that this condition can be easily satisfied.

3 Thedata

3.1 Sour ce and background

We use data from the Dutch part of @@emmunity Innovation Survé€|S) for the years 1994-
1996 (CIS2) and 1996-1998 (CIS2%2, see CBS 1998))200e merged the two datasets in order
to have information on a longer period of time émthe able to construct lagged exogenous
variables, which will be discussed later on. Batlegtionnaires consisted of two parts. In the
first part, firms were asked to report basic infation on the firm, such as the branch of
principal activity, sales, exports, employment, &fce second part contained questions on R&D,
innovation and related issues. Only firms that ared at least one of the following three
questions in the affirmative were asked to completesecond part of the questionnaire:

Did your firm develop any technologically changedducts during 1996-98?

Did your firm develop any technologically changedqesses during 1996-987?

Does your firm plan to develop any technologicalyanged products or processes in the
years 1999-2001? Firms affirming one or more o$éhguestions in both questionnaires are
defined as being innovative.

In the survey, a distinction is made between titypes of product (1) essentially unchanged
products, (2) incrementally improved products a@jdrédically changed or totally new products.
In this paper we will refer to the last categoryiasovative products' and is our object of
analysis. In the survey a further distinction isdedetween:

= Products 'new to the firm’;

= Products 'new to the market'.

Although it is tempting to use products 'new to tierket' as an indicator of the most innovative
products we will use products 'new to the firmttees endogenous variable because the indicator
'new to the market' suffers from a serious prohieithe way firms are interpreting their scope of
the relevant market. For instance are firms refgrtdo the Dutch market, the European or the
global market? Brouwer & Kleinknecht (1996) poiotthe relationship between the export quote
of firms and the turnover out of products ‘newhe tarket’, the higher the export quote the less
they report of having turnover out of products ‘r@nhe market’. From this it seems that firms

more orientated to the home market, which tendeeteelatively small in the Dutch case, are



overestimating their innovative efforts. To avdidstambiguity we restrict our analysis to sales

new to the firm.

3.2 Descriptive statistics
From the merged dataset firms in the service seotoe excluded first because of the fact that

those firms do not produce products but servicéslware outside the scope of this paper. Next
firms were selected meeting the following critepeesented in both questionnaires (CIS2 and
CIS2%), being innovative in 1994-1998 and have R&M@put in at least 1996-1998, being
industrial firms with 10 employees or more. Finatys selection resulted in a database of 2279
firms. A brief comparison of firms selected andgb@xcluded from the sample show that small
firms are underrepresented in the sample, andelleeted firms on average have a higher
exportquote (see the appendix). Within this sarop279 firms we distinguish two groups of
firms. The first group comprise of 1002 innovatfirens with turnover out of innovative

products in 1996-1998 as defined earlier. The s&gooup are innovative firms without
turnover out of innovative products in 1996-199B8eTatter group comprise of 1277 firms
focussing on process innovations or firms in tlgetof developing new products not yet

introduced onto the market.

The descriptive statistics for all innovative firae given in Table 1. Table 1 shows that the
average turnover is approximately 31 million Du@hilders or 16 million US Dollet The
difference in turnover between firms with and withéurnover out of innovative products is
small and insignificant. Also the number of empleyeloes not differ significantly between the
two groups of firms. The average size is aboutralled employees. The standard deviations of
total turnover and the number of employees areedaige because about 90 percent of all Dutch
firms have 50 employees or less but also that there few large (multinational) companies in
the sample which have high labour productivity aigh sales of new products. Thus this
reflects the very skewed distribution of size ofif$ in the Netherlands. Because of this and for
theoretical considerations on which we will elatterdater on we will model size in a non-linear

fashion. On average innovative firms obtain ab@%Xbf their turnover out of the sale of

® In 2000 the Dutch Guilder was replaced by theoEAtl the statistics before 2000 are in Dutch
currency. In the year 1998 the average exchangenag 1.9825 Guilder for one US Dollar (source
Dutch National Bank, DNB).



innovative products and approximately 8.3% if wegghwith the size of firms meaning that

larger firms have less turnover out of new products



Table 1: Descriptive statistics of the variablesdig the model

(1) All (2) Firms (8) Firms
innovative with without
firms turnovel turnovel
new new
products products
mean std.dev. mean std.dev. mean std.dev.Sjg*
Dummy: 1 = turnover out of products new to the fk&98 0.440 0.496 1 0
Log turnover 1998 17.269 1.464 17.241 1.491 17.292 1.443
Log turnover out of products new to the firm 1998 6.487 7.423 14.754  1.818 n/a n/a
Turnover out of products new to the firm as % ¢&kdurnover 1998 0.059 0.116 0.133 0.144 n/a n/a
Log number of employees (FTE) 1998 4580 1.094 4604 1.134 4562 1.062
R&D employment intensity 1996 0.024  0.056 0.041  0.067 0.014  0.047 *=
% of total R&D spending which have to be recovet866 0.385 0.392 0.394 0.366 0.378  0.411 *=*
Source of information: internal (score 0..1) 1996 0.396  0.310 0.536 0.241 0.338  0.317 *=*
Source of information: suppliers or customers (s¢brl) 1996 0.324 0.284 0.449  0.241 0.268  0.283 *=
Source of information: publicly available infornmati, proxy for knowledge spillovers (score 0..1) 899 0.193 0.190 0.279  0.180 0.152 0.177 ***
Dummy: 1 = firms established in 1994-1996 0.022  0.148 0.024  0.153 0.021 0.144
Dummy: 1 = firms engaged in R&D-cooperation 1996 0.270 0.444 0.392 0.489 0.211 0.408 *+*
Dummy: 1 = firms received subsidies to stimulatdtetogical progress 1998 0.428 0.495 0.626  0.484 0.273  0.445 *=*
Observations 2279 1002 1277

Difference between means of firms in dataset 2datakset 3: *** = significant at the 1% level, ** significant at the 5% level and * = significanttae10% level

10
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The descriptive statistics of the variables foadat 1 (all innovative firms), 2 (firms with
turnover out of new products) and 3 (firms withoatv products) are different, except for the
following variables: turnover, the number of emm@eyg and the fraction of firms established in

1994-1996. Dataset 3 has the lowest values andeta2dhe highest values for these variables.

4 Hypotheses

Before we present the results we formulate the thgses to be tested with our model. This
allows us to identify variables that can be inclide excluded from either the fixed cost
equation or sales equation. First we deal with Hypges regarding the sales equation, after that

we deal with the fixed cost equation.

Determinants of sales of new products
In general the market of new products like any otharket is determined predominantly by

supply, demand and market conditions, next to alleézrminants like institutional factors or
progress of technology, which we leave aside. imggle firms are only capable to adapt to
changes in market conditions by changing their praducts i.e. the firm specific supply

characteristics and like the entrepreneurs we assl@amand factors as given.

The same could be argued about market conditiomg very large firms are in the position to
use their market power to mould the market condgito their interests; the majority of smaller
firms have to accept market conditions as giveithéncase of market conditions however the
situation is more complicated in how decision-mgkinms deal with competition and which
indicators will influence the sales of new produ€@s the firm level firms compete on product
characteristics, price, quality and other firmdguct specific factors, but on a more aggregate
level competition is the resultant of technologidalelopment and demand articulation which
can be understood using the theoretical ideasegptbduct life cycle model which brings
together the combined effects of technology devalm, dominant design, demand, entry and

exit, the distribution of size of firms, and markeinditions in timé.For instance if in a specific

*  The model of the product life cycle builds on therk of Gort & Klepper (1982) and Klepper &
Graddy (1990). See among others Jovanovic & Maciofi®94) and Klepper & Simons (2000),
Klepper (2002) for an empirical assessment. Theonatf dominant design stems from Albernathy and
Utterback (1978), Rosenberg (1982) and Sahal (1988)a review of the notion of dominant design in
economics see Nelson (1995). A different stranlitexfature points at the relationship between bessn
cycles and innovation using the ‘demand pull' anggly push' paradigm, and the associated
controversy (see Schmookler, 1996, Scherer, 198 .causal effects of demand pull or supply push
on innovative activities are not substantiated fopieical findings however (Scherer, 1982, Geroski &
Walters, 1995).
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branch there are many opportunities for technoldgievelopment and improvements and thus a
strong articulated demand, firms are forced toshweore in the development of new products
because older products are superseded by supernopmoduct (of competing firms). On average
the percentage of turnover out of new productslvélhigher compared to branches with lower
technological opportunities. In branches charas¢erby mature technology and modest
opportunities for further technological developmtéms are more likely to improve products on
an incremental basis, and their earnings will geeedominately from improved or unaltered

products (but probably cheaper produced becausesbireducing process innovations).

H1: New established firms are a potential bias?
The sample includes mature firms and new estalifhas. First of all we have to correct for

start-up firms because by necessity new or stafirms only have sales from new products and
no sales out of improved or unaltered productsrdfoee we include in the sales equation a
dummy if a firm is a start-up-firm i.e. a firm ebt®hed in the 1994-1996 era or not in order to
correct for this potential bias. We expect this dunio have a positive effect on the level of

sales.

H2: R&D-intensity and sales of new products.
Since R&D-expenditures are a major input into theiation process, we expect a firm's R&D

intensity to be related directly to its ‘outputpsbduct innovations. R&D intensity is a proxy for

firm specific adaptation to market conditions amdnth specific technological change.

H3: Competition / Market structure and sales of newdpiais
According to the product life cycle model in thesfistages of technological development there

are many small firms competing on design and prodomarket combinations. In this situation
the market structure shows a low seller concepinafi he prospect of becoming a market leader
if a firm succeeds in establishing a dominant desigproduct-market combination, which will
attract many adventurous entrepreneurs. This iecctie period of experimentation with
various product market combinations. This periodsewhen a certain product-market
combination begins to dominate technological dgwslent and consumers are more inclined
towards a particular design. Firms are forced noodess to abandon their not so successful
product-market combination in favour of a more s@stul design of a competitor.

Later on when a dominant design has been estaflfgies start competing on price and
economies of scale becomes an important determioanuirvive, starting the ‘oligopolistic
shake-out'. Many firms who fail to achieve a minimafficient scale of production sooner or

later have to exit, resulting in a market domindigd few large firms competing on price
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(Klepper 1996). Firms facing a Bertrand competitranwvever have a strong incentive to increase
their profit margin by means of product differetiba and thus resulting in more sales out of
new products if their products succeed over timarf, 1993, Kanovski, 2005). The larger
incumbent firms will invest heavily in process imations maximizing the effects of economies
of scale in order to sustain their dominant positiad to lower the incentives for rival firms to
enter the market.

Therefore we expect an (stylized) U-shape relalignsetween sales of new products and the
seller concentration expressed as Herfindahl-etgrivandexC This U-shape is also congruent
with the Schumpeter mark | and 1l relationship bestw the size of the firm and the incentive to
innovate (Baumol, 2002, Kamien & Schwartz, 197982, %cherer, 1962, 199@).

Determinants of the fixed cost equation

H4: Product related R&D investments and the fixed egstation.

In the advent of the introduction of a new produeto the market we expect that firms shift their
total R&D expenditures towards more product-reld&@&dD-expenditures such as expenditures
on development of production facilities or spesiadl equipment, design and marketing and
away from expenditures on fundamental or basicareseaccording to the chain-linked model of
innovation of Kline & Rosenberg (1986). The exogenwariable Rdpintro6, defined as the
percentage of total R&D-investment spend on thechiction of new products captures this
shift in R&D expenditures and we expect that theerfioms have to spend on product-
development related R&D-activities the higher thets of introduction will be, that means the
costs that have to be recurred. These costs (liffer R&D-expenditures in the pre-competitive
phase of product-development, which can be corsillas sunk costs. Sunk costs by definition
are irrelevant in the decision making process wdretih introduce new products onto the market

or not.

H5: R&D co-operation and R&D subsidies lower the Fixgakts of sales of new products
The sharing of knowledge and risks through R&D peration agreements decreases the fixed

cost of introduction of new products, besides entmanfuture innovation benefits by
internalising positive external effects (de Boridi96). R&D subsidies lower the fixed costs

directly.

®  The Herfindahl-equivalent is equal to the recijadoof the Herfindahl index (1/H). The Herfindahl
index is the sum of the squared market sharesmfin a particular sector.

Recently Aghion et al (2005) proposed a diffetbrbretical model to explain an inverted U-shape
between the innovation activities and competitibimeir model will be discussed in the result section
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H6: Knowledge spillovers and the fixed cost equation
Innovation is all about developing (technical) kiedge. In his seminal paper Jaffe (1986)

states that: 'Since knowledge is inherently a puiiod, the existence of technologically related
research efforts of other firms may allow a giviemfto achieve results with less research effort
than otherwise', pp. 984srom this we expect that using external sourcdsioivledge such as
information from consultants, universities, patdata, and other semi-public agencies
(brinf_96) will lower the costs of R&D or more iragicular the fixed costs of introducing new
products onto the market. Besides knowledge sgtowriginating from (semi) public sources,
we distinguish two other sources of knowledge. fiits¢ one is internal sources of information
i.e. information rendered inside the firm (brint) 96he second one is sources of information
originating from suppliers and customers (brrel. @&cording to von Hippel (1988), it is not
necessarily the inventor who will develop the inatien. Instead the actor in the vertical chain
of product development (distributed innovation &) who has the best opportunity to manage
the appropriability conditions will be the innovatiVe expect that firms who rely on
information of suppliers and customers as sourt@movation have a better opportunity to
appropriate the rents of innovation and will havepend less on costs on introduction of new
products (see among others Lilien et.al., 2002).ifkgiance if the source of innovation is from a
lead customer/user, the innovating firms will fdess market uncertainties and thus have to
spend less in marketing costs compared to a firmmglies predominately on internal generated

ideas.

Other exogenous variables

H7: Size of firms and innovative products

An important exogenous variable is the size offittmes, operationalized as the log of the
number of employees. We expect the size of thefiitmaffect the level of sales and the amount
of investments to introduce new products onto theket both. The larger the firms the more
resources are available to invest in the introductif new products and at the same time larger
firms are expected to have better market opporamib realise sales out of new products. This
combined effect resembles the theory of 'spreadiir@duced by Cohen & Klepper (1996) to

explain why larger firms invest relatively moreR&D albeit with a lower efficiency compared

" See also Bernstein & Nadiri (1988) who distinhuigtween receiving and sending industries within a

spillover network. From the point of view of indikial firms, a firm tends to focus on receiving
knowledge spillovers and at the same time try wicagending spillovers and thus creating positive
appropriability conditions (Teece, 1986). CIS2 dnescomprise direct information to distinguish
between incoming (receiving) and outgoing (sendikmgwledge spillovers, especially the measurement
of outgoing knowledge spillovers is cumbersome (Sassiman & Veugelers, 2002, in a attempt to use
proxies to distinguish between incoming and outgdinowledge spillovers).
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to smaller firms. The explanation of Cohen & Kleppeils down to the fact that due to their
market share and distributions and marketing efflariger firms need less successful innovative
products to cover their initial R&D-investments dodthat matter small firms with very limited
resources can not bear the risk of market failfireeav products and therefore have to choose
their R&D-investment more carefully, resulting irora efficient R&D-investments, i.e. a higher
R&D-investment new product ratio, conditional ormeeeding to tackle the hurdle of new
product development. The situation is a bit momaglacated though. On average larger firms
will have a larger product portfolio and to previsinnibalizing' their existing product portfolio
larger firms will be more reluctant to introduceanproducts onto the market (Conner, 1988).
We will expect that size will have a non-lineareeff on both the level of sales and on the fixed
cost. Initially when firms are relatively small gtisize effect will have a strong positive effect,
but when firms become larger the positive effedveihg large will diminish and due to the
‘cannibalizing' effect on the existing product falit.

Further on we include branch dummies in the cosaggn in order to correct for technology

and or branch specific cost of introduction.

5 Results

The estimates of the threshold model are summairis€eble 2 for products new to the firm.

The threshold is not observed directly but candrévdd from the model by subtracting the costs
of introduction from the sales. A positive coeféiot in the costs equation means that the
corresponding variable is positively related to shées threshold. In other words, it increases the
threshold. If the coefficient of a variable thapaprs in the costs equatiandin the sales

equation is positive and if it is larger in theesaéquation than in the threshold equation, then th
variable increases the probability that the firmawates (see equation 11). The same is true if

the coefficient in the sales equation is negativ smaller than in the threshold equation.

Even though the threshold is not observed, thenpetiers of the threshold equation and those of
the sales equation are identified by exclusiorriagins. The theoretical model of section 2.1
implies that variables that affect the fixed casta be excluded from the sales equation. For that
reason a variable such as R&D collaboration (p&@Gher product introduction related R&D-
expenditures (rdpintr96) do not enter the salesgu We do allow for correlation between the
error terms in the threshold and sales equatidms. dorrelation captures common firm specific

variables that have been omitted from both equation



Table 2: The estimation results

Sales equation Fixed Costs equation
Exogenous variables coefficient tvalue coefficien t-value
constar constant 11.004 185.02(*** 10.699 170.85***
dstart9t Dummy: 1 = firms established in 1994-1996 0.337  5.524 ***
rdi_9¢ R&D employment intensity 1996 1.670 25.652***
Inw_9¢ Log turnover 1998 0.813 28.214 *** 1.468 28.21:***
Inw29¢ Log turnover 1998, squared 0.303  7.513*** -0.231  7.51%%*
he3d9: Herfindahl equivalent index -0.195 -6.611***
he3d98 Herfindahl equivalent index squared 0.237  7.414***
rdpintré % of total R&D spending which have to be recovel8€6 0.134 2.36( **
partne9 Dummy: 1 = firms engaged in co-operation 1996 -0.036  0.64¢
subsid9¢  Dummy: 1 = firms received subsidies to stimulatéhtelogical progress 1998 -1.017 17.997%**
brint_9¢ Source of information: internal (score 0..1) 1996 -0.466 7.6271***
brrel_9¢ Source of information: suppliers or customers (g8¢brl) 1996 -0.475 7740
brinf_ 9€ Source of information: publicly available informai, proxy for knowledge
spillovers (score 0..1) 1996 -1.117 17.440%%*
sbi_pdj: Dummy: 1 = Pavitt taxonomy, Scale-intensive inda$firms * -1.244 21.51t***
sbi_pdj: Dummy: 1 = Pavitt taxonomy, Specialised equipmepptiers” -1.139 18.84¢%**
Nr. obs. 2279
Loglikelihood -2892.8:
Loglikelihood base-line model -3583.5¢
LR test 1381.5:
Mc Fadden R 0.19
Zimmerman-Veal R 0.50

*** = Significant at the 1% level, ** = significanat the 5% level and * = significant at the10% leve
# Adopted from Pavitt (1984).
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Next, we discuss the parameter estimates in t@xearting with the effect of size on both the
fixed costs and sales, followed by the paramet@&mates of the sales equation and last the

parameter estimates of the fixed costs equation.

Size

As expected lager firms realise higher sales of peucts. Larger firms benefit from
economies of scale and scope and thus have thagtima and marketing capacity to realize
higher sales of new products. Smaller firms areddrto focus on niche markers, which by

definition are smaller, and thus the potentialdgalise sales of new products is smaller as well.

Parameter estimates of the sales equation

Table 2 shows that new firms (dstart96) have indesiginificant higher percentage of sales of
new products thus supporting hypothesis 1 statiagthe inclusion of new established firms

could introduce a bias in the estimations.

A higher R&D intensity (rdi_96) results in highealss of new products. This is consistent with

the economic model of section 2 and hypothesisoReb

The effect of market structure measured by a Heafih-equivalent index (he3d98) on the sale
of new products, departs from hypothesis 3. InstéadU-shape, we find a non-linear negative
relationship (a hockey stick on its back, with tipeof the stick facing upwards) between the
seller concentration and sales of new products mgadhat markets with a lower seller
concentration i.e. dominated by relatively smathi generate more turnovers out of new
products. Our empirical result is in congruencéwwost of empirical work on the relationship
between competition and innovation (see Nickel@@&)9and this finding collaborates with the
Schumpeter mark | theory (Schumpeter, 1934) anédthmv's replacement effect, which
restrain large companies to invest heavily in pobdonovations (Arrow, 1962). However this
result does not comply completely with the propoSeldumpeterian and Product-life cycle
models, put forward in the hypothesis section of gaper, which predict a U-shape relationship
between innovative activities and market structBecently the relationship between
competition and innovation became more puzzlingoAgt al. (2005) show that an inverted U-
shape relationship between competition and innowdtt UK panel data covering the period of
1973-1994 much better, challenging both empirical #heoretical findings of the traditional
Industrial Organization (lO) literature, and coimegao our theoretical and empirical findings. In
their paper they present an alternative model whails down to different strategic step-by-step

product innovation behaviour in so called leveled neck-and-neck industries. The ‘escape-
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competition effect' increases the incremental pfodim innovation, but the 'Schumpeterian
effect' reduces innovation incentives for laggarsi€ompetition increase. "The balance between
these two effects changes between low and higlsledeompetition, generating an inverted-U

relationship”, (Aghion et al, pp. 720-721).

Parameter estimates of the fixed costs equation

Product related R&D-investments

Hypothesis 4 stated that there is a positive i@iatiip between product-related R&D-
expenditures as a percentage of total R&D-investsnamd the fixed costs, which have to be
recurred from sales of new products. The paranestémate confirms this hypothesis showing a
positive and significant coefficient. We also sthtieat according to economic theory sunk costs
do not have any significance when to decide onstments like R&D-expenditures on the

introduction of new products onto the market.

R&D collaboration and R&D-subsidies
In correspondence with hypothesis 5 R&D collaborafpartne96) and subsidies (subsid98)

reduce the fixed costs of introduction althougheffect of R&D-collaboration is insignificant.

In the Netherlands a major R&D policy measure geaeral tax-credit facility to lower the

labour costs of R&D-personnel called the WBSThe purpose of the WBSO is to reduce the
R&D costs of firms, in particular those of SME'arge firms are bound to a maximum of tax-
credits. Subsidies including the WBSO are decregisia costs of introducing new products onto
the market. One could argue that the effect oM#BSO may not entirely exogenous. Firms
anticipating the introduction of new products mayd an incentive to apply.

A possible explanation for not finding a signifita&ffect of collaboration on the fixed costs
could be that besides a costs reducing motive gngaged in R&D-collaboration, there could

be a skill sharing motive as well such as to dgvelad share new knowledge different fields of
technology or different markets (Sakakibara, 199tg estimates suggest that the cost-reducing
motive is less important. That does not point a@tically to the conclusion that the skill-
sharing motive is dominant. A skill-sharing motivay lead to the reduction of R&D-costs and
thus the effect of a skill-sharing type of R&D-@iibration would not differ from a costs
reducing type of R&D-collaboration regarding theefil costs. Perhaps a better explanation could
be to look at the type of knowledge the R&D-colledin is focused on. The collaborative
efforts could be focused on applied knowledge farcsfic products competing on the market

(non-collusive R&D-cooperation) or geared towardserbasic knowledge to strengthen the
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innovative skills of the collaborators on a baswdl and in an early phase of the innovation
cycle. In the latter case the effect of R&D-coopierawill have a (much) smaller or even
insignificant effect on the fixed costs. We do hate additional information, which explanation

is more plausible, but it seems that the skill-Bitatype of R&D-collaboration is predominate.

Knowledge spillovers

Table 2 shows that all sources of information (bi®®, brrel_96 and brinf_96) lower the fixed
costs significantly. The estimated coefficientsvglibat knowledge spillovers (brinf_96) have
the strongest and the use of internal knowledgeverekest effect. In concordance with Jaffe
(1986) this result shows that innovating firms Harieom overall knowledge spillovers most.
The question is how to interpret these finding#eJ@d 986) argues that knowledge spillovers
reflect the technological opportunities that ekisa particular branch. Technological
opportunities are an incentive for product develeptrand a signal that product differentiation
is a profitable strategy. If a particular branchoi on technological opportunities the amount of
research needed to come up with something newbeitligher compared to a branch with an
abundance of technological opportunities. Accordmgaffe's reasoning it is not so much the
knowledge itself as well as its signalling effethat would explain why the coefficients of other
sources of knowledge are in the same magnitudé alive lower level compared to knowledge
spillovers (brinf_96). The estimates of brint_96eb 96 reveal something about the innovating
strategies: firms rely on their own technologidaésgth (technology initiators) or are more
involved into developments in a distributed prodietelopment exposed by von Hippel

(technology followers). Both strategies appeard@bually effective.

Finally we have to mention the fit of out modetasher well. The Zimmerman Veal R2 and the
Mc Fadden R2 are 0.50 and 0.19 respectively. Theevat the logarithm of likelihood of the

model and the baseline model are respectively —2&82-3583.

6 Summary and conclusions

In this paper, we propose an economic model toyaadhe sales out of new products. This
model accounts for the fact that even among fimnsvhich R&D is a permanent activity, a
fraction of firms does not have sales of innovapveducts during a two-year observation
period. In this study we analyse an indicator @fra’s innovative output ‘new to the firm'. In

this study we start from the assumption that, oleoto introduce a product innovation, the firm

& WBSO is an acronym of the Dutch name of the @enicourage R&D (Wet Bevordering Speur- en
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must incur fixed costs. At the time of considerangew product introduction, the firm will
compare fixed costs with expected (net) revenuesglthe economic lifetime of the product,

and only if revenues exceed fixed costs (threshia) firm will introduce the product.

Our results show that firms face a threshold whexiding on whether or not to introduce new
products onto the market. The fixed costs of infiithn impose a hurdle to introduce new
products. Firms are focused on means to lower tbosts. Among the factors, which are of
importance to lower the fixed costs are knowledukoyvers and R&D related subsidies. It
comes at no surprise that R&D-related subsidiesedae the fixed costs. Of more interest are
the differences between knowledge spillovers amcgs of innovation and their effect on the
fixed costs. Those differences reveal much abaktiowledge management strategies of
innovating firms. In general spillovers of publicdwledge have a profound effect on the fixed
costs, but interestingly knowledge spillovers orading from the firm itself or from suppliers
and customers also have an equally decreasing effgbe fixed costs albeit at a lower level.
This point at the process of the distributed intiavaprocess described by von Hippel (1988)
stating that the inventor and innovating actor dbmecessarily coincide but who will be the
innovator depends on which actor along the val@ncis able to appropriate the economic rents
of an innovation. The results show that both stjiakeof technology initiator and technology

follower appear to be equally effective.

We also find conformation of the idea that in tleeipd preceding the introduction firms shift
their R&D-expenditures towards market related dtitis such as expenditures on development
of production facilities or specialised equipmetdsign and marketing and away from
expenditures on fundamental or basic research @iogpto the chain-linked model of Kline &
Rosenberg (1986). The level of sales of new praddepends on the R&D-intensity and market
structure ones more substantiating the Schumpeted hparadigm and the Arrow replacement
effect, meaning that small (high-tech) firms areenonportant to commercialize innovative

products, partially substantiating the product-tifele model of Cohen & Klepper (1996).

The empirical results of Aghion et al (2005) and fiioposed theoretical model to explain the
inverted-U shape relationship between innovatiah@mpetition, although dealing with a
slightly different topic we want to address in thaper, ones more show that the understanding

of the relationship between incentives to innowatd competition leaves much to be desired.

Ontwikkelingswerk)
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Appendix, Data preparation and selection

Economic theoretical considerations let to the slenito incorporate lagged exogenous
variable in the model. To create a dataset witgedgvariables we make use of two
questionnaires. The first one is the regular D@th questionnaire comparable with the
Eurostat version, which comprise data of the perib@94-1996. Statistics Netherlands
has the policy to repeat the CIS questionnaire @feears. This 'in between'
guestionnaire, covering the period of 1996-1998&]éstical with the Eurostat version,
although extended with some additional questiorsclvare of no concern for the
purpose of this paper.

The initial dataset has been constructed by menhi@dutch CIS2 (1994-1996) and
CIS2%2 (1996-1998) questionnaires. From this datab&40996 firms, three groups of
firms were excluded: firms in the service sectom$ without any innovative activity
according to the Frascati manual, and firms whagpaesent in only one period. After the
exclusion of those firms we are left with a datahashich consists of 2278 firms of
which we have information covering the whole perdd 994-1998. Those 2278 firms
are the selection used to analyse the innovati@shiold. Of those 2287 firms there are
1001 firms with sales out of new products and 1®iAout sales, i.e. firms assumed not
be able to meet the threshold requirements.

The main question is if the 2278 firms used in aoalysis are representative for all
firms. In order to analyse this potential selectias we compared the mean values of
four firms indicators among the various selectipresented earlier. The indicators are:
(1) the number of employees and (2) the turnovdi9®B, representing different aspects
of the size of the firms involved. The two othedicators are (3) the turnover per
employee representing a kind of 'productivity’ mgasand (4) the export quote
representing a competition measure. Firms withghdr export quote are expected to
face a stronger competition because they are opgran a global market, while firms
with a lower export quote are geared towards theestic market. Of course these 4
indicators are rough indicators, constructed fergble purpose of identifying a possible
selection bias, and not for a serious analysigrof €haracteristics. The descriptives of
the four indicators and the results of a t-testtivbethe means are statistically different
from each other are presented in the table below.

Table 1 shows that the firms excluded from the no@itabase are on average
significantly smaller, both in terns of the numbéemployees and turnover. The
turnover per employee does not differ significartly the excluded firms on average
have a significantly lower export quote. This s&@@cthbias can be explained by the
sampling procedure Statistic Netherlands is udng to the very skewed distribution of
firm size, approximately 82% of all firms in the tNerlands have 10 to 50 employees, a
random selection of approximately 18% of the finwith 10 to 50 employees receive a
CIS questionnaire, while all firms with 50 or mamployees receive a questionnaire.
Merging two datasets (CIS2 and CIS2%2) small firmgeha smaller propensity to be
selected in both CIS questionnaires (3%.18*0.18), and selecting only those firms,
which are present in both questionnaires, causeseation bias. To put it differently,
merging two CIS questionnaires and selecting fipresent in both questionnaires will
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favour the larger firms (i.e. 50 employees and marhis is reflected in the results of
table 1, showing that the selected firms, whichpesent in both questionnaire are on
average larger.

Table 1 Descriptives of 4 firm indicators: numbé&employees, turnover, turnover per
employee, and export quote in 1998 after mergirgPGind CIS2Y%

Turnover
Turnover (x 1000
Number of 1998 guilders) pe
employees (x 1000 employee Export
(fte) 1998 guilders) (1998) guote 1998
\Whole database (CIS2 and CIS2%: merged) (1) (2) @) @
nr. obs. 10996mean 131.4° 66138.55 521.216 11.39
std error mean 7.0t 3473.37 31.973 0.004
firms not selected
nr. obs. 871fmean 106.6¢ 49263.96 518.463 8.69
std error mean 7.4¢ 2656.46 39.378 0.007
firms selected
nr. obs. 227¢mean 226.4¢ 130734.4 531.752 21.59
std error mean 18.4¢ 13249.91 33.320 0.007
t-test: selected versus not selected firms
diff -119.7¢ -81470.42 -13.289 -12.99
std err 19.8¢ 13513.58 51.583 0.007
t-value 6.02: -6.029 -0.258 -17.93
Prob > |t 0.000( 0.0000 0.7967 0.000

Table 2 Descriptives of 4 firm indicators: numbé&éemployees, turnover, turnover per
employee, and export quote in 1998 restricted egpttpulation of firms
meeting all selection criteria

Turnover
Turnover (x 1000
Number of 1998 guilders) pe
employees (x 1000 employee Export
(fte) 1998 guilders) (1998) guote 1998
selected firms (nr. obs 2278) (1) (2) (3) (4)
firms without turnover new products
nr. obs. 127 mean 227.4¢ 119672.9 623.736 10.69
std error mean 29.87( 17679.83 56.261 0.007
firms with turnover new products
nr. obs. 100Imean 225.17 144831.80 414405  35.39
std error mean 17.58( 20013.62 23.993 0.011]
t-test: firm with versus without turnover new protk
diff 2.27 -25158.90 209.332  -24.79
std err 34.6€ 26704.33 61.164 0.013
t-value 0.06¢ -0.942 3.422 -18.81
Prob > |t @47 0.3462 0.0006  0.000

As a second step we investigated whether therditieeences between firms with and
without sales out of new products. Table 2 shows#sults. Within the population of
selected firms size is not a discriminating fa@onymore. However turnover per
employee and the export quote differs significab#yween the two subpopulations
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albeit in different directions. Firms with turnoveut of new products on average have a
lower turnover per employee but a higher exportieuo
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