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Introduction

Understanding the relation between innovation and performance in both large,
medium, and small firmsis of crucial importance for ongoing economic growth, but
still hardly understood. The topic of understanding innovations and their
relationship with firm performance has become more relevant since the EU stated,
in March 2000 in Lisbon, the ambition to become the world’s most competitive and
innovative region by 2010. The underlying rationale is that encouraging firms to
innovate will lead to a better economic performance (Sirelli, 2000: 61); higher
growth, more jobs and higher wages. Is this rationale empirically validated, and is
there a preferential one-size-fits-all innovation trajectory for all European
companies (large, medium and small)?

The objective of this paper isto depict the current state of knowledge regarding the
relation between innovation and performance in general, and for SMEs in particular.
This paper will therefore, first, emphasize the company size related factors in
innovation trajectories and firm performance (growth). Second, it will oversee
relevant developments in models and techniques. Based on the literature, several
innovation models will be tested. To test a potential size effect, these models will be
tested for the total sample, aswell asfor small and mediumssized firms separately.

The structure of the paper is as follows. In chapter two, we describe the literature on
innovation and firm performance. We will discuss the relationship between
innovation and performance by distinguishing the following stages: decision to
innovate, innovation input, innovation process and innovation output. In chapter
three, the methodology and the measurement instrument will be discussed. In
chapter four, the innovation process and the relationship between innovation and
firm performance will be tested. The closing chapter brings together some
conclusions and discussions for further research.



Literature review

In this chapter, the literature on innovation and firm performance will be discussed. In section 1.1,
two different research traditions are discussed; the economics-oriented tradition and the business-
oriented tradition. In section 1.2, the changes in the economics-oriented research tradition are
discussed. It evolves into research in the innovation process at firm level taking into account
important explanatory variables of the business-oriented tradition. Section 1.3 and 1.4 discuss the
definitions and indicators used in the new approach, respectively, the implications for empirical
research (models and estimation methods). Finally, section 1.5 concludes this chapter.

I ntroduction

The literature covered by this paper fits the first of the two complementary traditions in innovation
research (Brown and Eisenhardt, 1995:; 343-378). The first and prevalent research tradition is
economics-oriented. It traditionally examines both innovation patterns across countries and
industries, and differences in the propensity of firmsto innovate (Brownand Eisenhardt, 1995: 343,
Dosi, 1988). However, in this research tradition the actual product development process remains a
“black box”. The second research tradition, which is business-oriented, opens up that “black box”.
It examines how specific new products are developed, and indicates “the organizational structures,
roles and processes that are related to enhanced product development” (Brownand Eisenhardt,
1995: 375; Anconaand Caldwell, 1992). The entrepreneurs and the innovations are placed in the
centre of the analysis. This second tradition, in the terminology of the economics-based research
tradition, discussesin essence the efficiency of the innovation trgjectory; to what degree are
innovative inputs transformed into innovative outputs? It splits up into three streams. The three
streams take product development as respectively (1) arational plan (eg. NewProd, Cooper, 1992),
(2) acommunication web (Katz and Tushman, 1981) and (3) problem solving (Imai, et al., 1985;
Takeuchi and Nonaka, 1986; Womack, et al., 1990). However, the three streams are unable to
clarify the variety in innovation output and innovation performance, as the unit of analysisis
primarily the project level. The unit of analysisin the economics-based research tradition is the
firm. Asaconsequence, the economics-based research traditionis better suited for enhancing our
understanding of the relation between innovation output and innovation performance.

In the economics-based research tradition R& D research was typically confined to the input-factors
of an innovation trajectory. It was common to presume that R& D expenditures would lead to
additional knowledge, and the dissemination of this knowledge would result in innovations,
especially products and processes. For long the sole indicators for innovativeness were the
expenditures on R& D and the number of employees dedicated to formal R&D. Asthe structure of
the economy changes towards a service-economy, we |earn more and more about a shrinking
section of the economy (Arnold and Thuriaux, 2000: 12). Furthermore, when eval uating
innovations business success was not considered to be a key issue (contrary to Schumpeter 1934;
Voss 1994: 405-6), nor was the relation between the inputs (resources) and the output of the
innovation process seriously questioned (Kleinknecht, 2000: 169-186). As a consequence, there
were hardly any investigationsinto the quality of existing indicators and the potential of alternative
indicators. But from a policy perspective one wanted tofind out how to raise the effectiveness of
public stimulation of innovation practices, beit via subsidies, enforcing collaborations, sector
policies, or otherwise. Furthermore, R& D investments were questioned as the sole driver for
innovations, strengthening the competitive position of businesses. Due to these two reasons
additional insight into the innovation process became necessary (Arnold and Thuriaux, 2000).

In Europe, one witnesses a change towards evolutionary and learning perspectives (Arnold and
Thuriaux, 2000: 9). In these perspectives, innovation becomes more interactive with more attention
for incremental changes and knowledge creation. The advantage of this change is a better



understanding of the selection mechanisms in innovations. The price to be paid isin the loss of
generality. This paper is primarily in line with the current practices in the economics-oriented first
research tradition, as it focuses on the relation between innovation and performance in general. We
incorporate parts of the second tradition by focusing on the innovation process (innovation inputs,
transformation process and innovation output).

Fundamental changesin research.

Since the 1980s one observes major changes in innovation research, namely the development of the
process approach, the systems approach and an alternative level of analysis. Many of these
innovations in innovation research were stimulated by the publication of the EU-harmonized
Community Innovation Survey, in 1993 and 1994.

The Community Innovation Surveys present a three-stage process approach, distinguishing between
the input stage, the throughput stage, and the output stage of the innovation process (Klomp, 2001).
First, there isthe input to the innovation process of an industry or firm (e.g. R&D expenditures,
people involved in innovation, national subsidies); second, the innovation output of the industry or
firm (e.g. productivity, new products or processes); third, when it comes to facilitating the
operations of the firm, industry or economy, we call it the throughput stage of innovations (e.g.
partner cooperation, innovation in the mission statement). The CIS offers an interesting balanced
overview of the innovation process by presenting indicators from all the three stages of the
innovation process. It turned out, for example, that the innovation output of Sweden and Finland
was relatively low. That negative assessment was totally at odds with traditional research
concentrating on R& D-statistics, i.e. at the input stage (Klomp, 2001). The conclusion from the
process-based research may be that not all firms are equally efficient in turning research into sales
or profits. Furthermore, firms may have different ways of innovating. Some firms rely on internal
research while others may emphasize research networks (Mohnen and Dagenais, 2002: 4-5). The
process approach promises additional insights into the integral innovation process.

The complex systems approach is another element in the new methodology of CIS. The systems
approach acknowledges the complexity of the external and mutual influences on the innovation
process. The traditional model assumes a causd linear model that innovation input influences the
innovation process and the innovation process influences the innovation output. This related
reduced-form approach holds the risk of a simultaneity bias. Absent in such an approach may be
that, for example, the total sales may consist of new or improved products realised in an unbalanced
way over the years (Klompand Van Leeuwen, 1999: 5). Furthermore, input and output may be
influenced by acommon variable, e.g. technological opportunities or total sales. The impact of that
third factor on the two interrel ated factors should be estimated simultaneously. A final problematic
aspect in modelling the relations in an innovation processis that the causalities are unclear, as with
the chicken-and-egg problem: what was there first? The chain-link model of Kline and Rosenberg
(1986) can be used to elaborate both unspecified feedback relations and unspecified causalities
(Klomp and Van Leeuwen, 1999: 8). We may conclude that the elaboration and application of the
process approach and the systems approach together made it possible to take a more inductive
approach towards the innovation process and its relation with firm performance.

Another element in the CIS isthe availability of data at firm level. Datafrom national statistical
offices are typically at industry or national level, e.g. by patent counts and bibliometric counts of
innovations, representing an object approach. An object approach has the advantage that the firm is
not bothered by the research. On the other hand, it has the major disadvantage that the data reveal
no direct but derived information. In contrast, the CIS adopts the subject approach, i.e. the firmis
the unit of observation. The CIS data are direct data, i.e. information is gathered directly from the
company. This study focuses on the firmlevel and distinguishes input, throughput and output
indicators.



I nnovation model
In this section, we will define the research model and the relationships between its elements.

Much of the literature in the systems theoretical approach uses modelsthat incorporate at least four
elements. These models are based on the Crepon, Duguet and Mairesse model (1998). First of all,
there is a decision to innovate or not. Several aspects may influence this decision. Second, the
company decision to innovate or not influences the innovative intensity. Third, the innovative
output is studied. In most studies, the innovation output is determined by the efficiency and/or the
absolute value of the innovative input, i.e., the transformation of input into output (the throughput
stage). Finally, the innovative output is related to the firm performance. For example, the growth of
total sales may be higher for innovating firms than for non-innovating firms. Thisisvisualized in
figure 1.

figure 1 Research model
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The innovation process itself may contain several feedback loops. Innovative output, viafirm
performance, may affect innovation expenditures, i.e. innovative input. The overall economic
performance of afirm may affect all three stages of the innovation process of afirm.

The decision to innovate

Introduction
Prime in innovation research is the question what factors influence the companies’ intention and/or
decision to innovate. Especially small companies fall into clear subcategories of companies that are
inclined to innovate and others that do not. A company can decide to be either at the forefront of
new developments, or step in once new developments prove to be interesting, or be reactive and
adjust only when urgent (Milesand Snow, 1978). Indicators distinguishing innovative firms from
non-innovative firms are sales of new or improved products, direct questions like “does the firm
innovate yes or no?’, or the total amount of time employees spend on innovation (input side)
(Mairesse and Mohnen, 2001; Klomp and Van Leeuwen, 1999). Once the decision to innovateis
made, the firm has to allocate resources, typically financial or human resources.



Factors influencing the decision to innovate
Several studies empirically test the propensity of firmsto innovate. Felder, et al., (1996) used the
Mannhein Innovation Panel, with a subset of firms with 5-49 workers, to test the relation between
R& D and other innovation expenditures. Firm size turns out to be a major factor influencing the
decision to innovate. Moreover, once innovating, the total amounts invested as percentage of total
salesislarger with the smaller firms. The effect is most pronounced for the total innovation
expenditures, as confirmed by V ossen and Nooteboom (1996). The relationship between firm size
and R& D seems U -shaped. V ossen and Nooteboom conclude that small firms participate lessin
R&D, but at a greater intensity and with a greater productivity once they participate (V ossen and
Nooteboom, 1996: 167). Also Kleinknecht (2000) and Kleinknecht and Mohnen (2002) found that
the propensity to innovate is positively related with size although the relationship may not be linear,
and amongst the innovators smaller firms tend to have higher shares in sales of innovative products.
Loof, et al., (2001) used OECD and ClS-datato explain variation in productivity growth between
the Nordic countries. In their Crépon, Duguet and Mairesse model (1998) an innovation investment
variable substitutes the R& D variable. Firm size and patent applications are clearly significant to
explain the propensity to innovate, even more so than export intensity. Also technological
opportunities, factor intensity (level of education) and sector characteristics influence the
innovation decision (L66f, et al., 2001). In a sector with a high-tech potential firms are more
inclined to innovate. Finally, some process characteristics like the mission of the firm influences
the innovation decision.

innovative intensity

Innovation intensity concentrates on understanding the determinants that influence the resources
dedicated to the innovation process.

The literature provides us with several indicators of the innovation intensity. Traditionally and still
the most popular input indicator is the figure on expenditures on R&D (Klomp and Van Leeuwen,
1999, L6of, et al., 2001). The innovation expenditures are often divided by total salesto define the
R& D intensity of acompany. Another traditional indicator is the number of employees dedicated to
R&D. It iseasy to measure and is suitable for services sectors. However, it does not include the
quality of the employ ment input nor the exact hours devoted to innovation. Mairesse and Mohnen
(2001) take the share of new productsin total sales asindicator for innovation intensity. It has the
advantage that the final objectives of innovation trajectories are taken into account, i.e. extra
turnover and/or profit. However, this share-in-sales variable is better used for output measurement.

In this study, we use the number of employees dedicated to R&D as indicator for innovative
intensity. The indicator isimproved by correcting for the average time these employees spent on
innovation. Thisvariableis also appropriate for small companies.

Factors influencing the innovation intensity
Several studies examined the factors that influence the innovation intensity. Next to the variables
that explain the propensity to innovate, L66f, et al., (2001) include obstacles to innovate,
information for innovation, innovation strategies/innovation objectives, and cooperation (domestic
and foreign). The results are somewhat confusing at cross-country level. For example, the effect of
firm size on innovation investment, is negative for Finland, positive for Norway, and non-
significant for Sweden. Significant and positively related with the innovation investment in all three
countries are 1) the innovation objective of extending the product range, 2) information sources
within the firm itself and 3) customers and 4) domestic cooperation with customers.
Klomp and Van Leeuwen (1999) used a single equation approach and the simultaneous approach
for testing the relationship between innovation and firm performance. There are feedback loops
from the performance viatotal sales. They also include sector dummies and dummies for sector-
size interactions. They test the model for all innovative firms and innovative firms with innovative
output. In the single equation approach the innovation intensity was significantly related to the
following variables; prior total sales (asindicator of size), prior cash flows, technological



opportunities, age of the firm, subsidies, R& D on a permanent base, and cooperation. In the
simultaneous equation model prior cash flow, development of sales and subsidies proved to be
significant.

In astudy on the causality between R&D intensity and export intensity, Kleinknecht and
Oostendorp (2002) proved that an increase in the export intensity of afirm significantly and
positively influences the R&D intensity.

In arecent paper, Statistics Netherlands together with TNO detailed the input, throughput, and
output order of the innovation process for the Knowledge Based Economy (Klomp, et al., 2002).
The innovation intensity isinfluenced by the firm size, export intensity, prior sales level of
education of the employees, external support (subsidies) and innovation process characteristics.

innovation process

The innovation process refers to the transformation process in an innovation trajectory. Here, asin
most studies, the innovation process (e.g. cooperation in innovation projects) is modelled as
influencing the innovative input and output. The process or throughput indicators are used to
explain the effectiveness of the transformation processes of innovative input to innovative outputs.

Throughput may be evaluated along two lines of arguments: One line of argument is to concentrate
on how expensive the innovation creation processis. Along this line, throughput analysis functions
as ameasurement of efficiency of innovation processes: the ratio of innovation output and
innovation input. The efficiency of the innovation can be enhanced by outsourcing part of the
innovation activities for example to universities or technological institutes. The innovation intensity
variable may be used for this throughput evaluation by means of extramural R& D expenditures (cf.
Klomp and Van Leeuwen, 1999). Still throughput remains a closed black box. In contrast, the
second line of argumentation emphasizes how much is going on in this innovation creation process,
the efforts. Now, throughput is understood to detail the innovation creation process. As a
consequence, one may focus on the internal and external orientations and relationships of the
company. An indicator of this second approach is the number of innovation projects. Subsidies may
be taken as innovation throughput factor. In such a case, innovation policies, and subsequent
subsidies, are aimed at removing impediments in the functioning of the innovation system (Klomp,
et al., 2002, point 28). One means for removing impediments is to get companies involved in more
general research projects, apart from joint ventures, co-makership agreements, etc. In the
Netherlands we refer to STW -projects. Another means is well known, namely to subsidize the
company via national or European institutes. Finally, a means of removing impediments is by
offering support to firms, e.g. via management support, the provision of specific information, etc.

In the Netherlands, Syntens amongst others brings to the organisation (especially SMESs) such
capabilities potentially useful in the process of innovation.

The CIS uses the following throughput indicators: extramural/external R& D, co-operation and
sources of information used for innovation. When it comes to sources of innovation 96 percent of
all respondents refer to various sources within the industrial column, but it is dominated by sources
within the firm. Innovation centres are as popular by small companies (10<49 workers) as with
larger firms. Publicly available sources are indicated by 79 percent. Of all innovating firms the least
interested to participate in joint co-operations are the small industrial companies, i.e. 18 percent of
them. Extramural R& D amounts to almost 7 percent of total innovation expenditures, one-third of
which goes abroad and one-third to universities andresearch institutes (Klomp and Van Leeuwen,
1999).

Klomp, et al., (2002) see the throughput or process stage as knowledge diffusion. Primeisthe
stimulating effect of the government on the interactions between the universities and

intermediaries, research institutes, and/or with firms. The same counts, c.p ., for research institutes
and intermediairies; Firms may have research-contacts with forementioned parties but also with one
another. Thiswill stimulate the innovation efficiency.



Klomp and Van Leeuwen (1999) and L&6f, et al., (2001) include process related variables in
explaining the innovative intensity and the innovative output. They are subsidies, R&D on a
permanent basis and innovation in partnership/cooperation. In the single equation model, these
variables significantly influence the innovation intensity. Permanent R& D has a positive effect on
the innovative output, the other two variables show mixed results. L66f, et al., (2001) include five
groups of processindicators: obstacles to innovate, strategy on innovation (innovation objectives),
crucial sources of information for innovation, domestic and foreign cooperation in innovation. As
discussed in the innovation intensity section, only the innovation objective extending the product
range, information sources within the firm itself and customers, and domestic cooperation with
customers are significant and positively related with the innovation investment in all three subsets
(Finland, Norway and Sweden) of the data. The variable “Firm underwent a major restructuring” is
important according to Kleinknecht and Oostendorp (2002). The variable is significant in the
equation explaining the propensity to innovate. In the R& D intensity equation this variable is not
significant. Although they did not define it as a process indicator, we take it to influence the
innovation transformation process and thereby is a process indicator because restructuring opens
new opportunities and approaches for the firm. Thisin turn will influence the efficiency of the
innovation process.

Summarizing, the innovation process refers to the efficiency of the transformation process of
innovative input into innovative output. This efficiency is influenced by several aspects like long-
term R& D, subsidies, various info sources, cooperation with other firms, customers or universities,
stated innovation ambitions, innovation centres, and organizational change.

innovative output

The innovation input and innovation processes may result in various forms of innovative output.
The most visible innovative output is a new or modified product. Alternatively, process innovations
may also turn out to be important. These process innovations improve the transformation process,
and they make the transformation process more efficient. E.g. the Ikea and Dell business models are
exemplar for these processinnovations. This can have adirect effect on the profitability of a
company. For services the innovation of a service cannot be disentangled from the innovation of the
service process (De Jong, et al., 2002). Most output indicators in empirical research are closely
related with product innovations. Process innovations outputs are still less focused upon.

In empirical research, the main indicators for innovative output are new productsand new
processes, innovative sales (as percentage of total sales), the conditional expected share in sales of
innovative products, and the number of patents. Between product and process innovations there
seems to be arelationship. Especially for manufacturing there is a strong relation between the
number of firms who introduce new products and firms how also introducing new processes
(Klomp and Van Leeuwen, 1999). The share-in-sales indicator is an output indicator of recent date,
but already widely used in research (Mairesse and Mohnen, 2001; Klomp and Van Leeuwen, 1999).
For example, the share in turnover of products new to the firm or new to the industry is part of the
CIS. The advantage of this share-in-sales indicator explicitly is that it focuses on the added val ue of
innovation for acommon objective of firms, that is growth. Next, now efficiency of the research
can be estimated (Kleinknecht, 2000). Another advantage isthat it can easily be adapted to service
sectors. A final advantage of thisindicator is the direct link between the innovation effort and the
commercial success. There are two main disadvantages; first of all that a survey method is needed
which may result in low (and possibly selective) response. Second, it makes a comparison over
sectors more problematic because of the divers product life cycles between branches. In the
Netherlands, in manufacturing, size influences this indicator: on average, 25 percent of turnover
was the result of new or improved products for manufacturing, in 1996, but only 15 percent for the
smaller firms (20 to 49 workers). Statistics Netherlands posits that the result on size turnsinto zero
once we restrict ourselves to the subset of innovators (Klomp and Van Leeuwen, 1999: 31).



On the basis of and exploiting the CIS-1 dataset, Mohnen and Dagenais (2002) propose the
conditional expected share in sales of innovative products as an alternative innovation indicator:
“Innovation is measured as the expected mean share of sales resulting from new or improved
products conditional on the innovation input, the way innovation is organized, and some
characteristics of the firm and its environment” (Mohnen and Dagenais, 2002: 26). This composite
indicator combines the estimated probability to innovate and the estimated percentage of sales
resulting from new products. From an estimation and exploratory application the authors conclude
that size influences the ability to innovate but not the share in sales of innovative output. In
contrast, research on a continuous basis does increase the share-in-sales (Mohnen and Dagenais,
2002: 21).

Next, patents are used as an (intermediate) output indicator of innovation (Kleinknecht, 1996,
2000). The advantages of using thisindicator are, first, the abundancy of publicly available
information, with, second, the minor disturbances in these series. However, there is a series of
problems with this indicator. First, many (service-related) innovations cannot be patented or are
just not patented. Second, how to deal with the strategic use of patenting, which is meant to
misguide a competitor. Third, patenting will depend also on how high imitation costs are relative to
innovation costs. Fourth, several findings suggest that ‘time lead’ and ‘ secrecy’ are more important
to appropriate innovation benefits than patent protection. Fifth, high-tech sectors tend to have a
higher prospensity to patent. Sixth, several findings demonstrate that patent data underestimate, in
terms of probabilities, the rate of small innovators (<10 workers), while overestimating the
innovation intensity of those that innovate. We derive from this and related information that
transaction costs are high for small firmswho are first to patent, but once these small firms patent
they apply for relatively higher numbers of patents.

Important innovation output indicators are the share-in-sal es of new products or services and
patents. The share-in-sales indicator is present in recent empirical research of Mairesse and Mohnen
(2001), Klomp and Van Leeuwen (1999), and in L&06f, et al., (2001). Kleinknecht (2000) concludes
that thisindicator is robust. The share-in-sales indicator encompasses the total innovation
trajectory, including the market introduction trajectory. Patents provide an often-used, but criticised
source of information. Patents are an apt indicator for the specific first phase of the innovation
trajectory. In our study, we use the indicator percentage of new products/services in turnover (last
three years) as output indicator.

Factors influencing innovative output
Conform figure 1 innovative output is directly influenced by the innovative input and the
innovation process. Several studies investigate this relationship. L66f, et al., (2001) found only a
significant relationship between innovative input and innovative output in their Sweden sub-
sample. None of their variables proved to be significant for all three countries. The authors argue
that the model specification and the representativeness of the respondents may explain the mixed
results.

Klomp and Van Leeuwen (1999) find that with regard to innovation process variables, R&D on a
permanent basis and cooperation are significant. They include subsidies in the innovation intensity
equation. Surprisingly, even in their advanced simultaneous equation model, the innovation
intensity is significant but only at the 10% level. Furthermore, they conclude that the use of the
opportunities offered by science has a smaller effect on the level of innovative output than the use
of technological opportunities offered by customers, suppliers and competitors (Klompand Van
Leeuwen, 1999: 61).

In their introduction to a volume dedicated to innovation and firm performance, Kleinknecht and
Mohnen (2002) derive several conclusions from previous research. First, the share-in-sales of
innovative products is not strongly related to size. Smaller firms have alower probability to
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innovate, but once they innovate that share in salesis not lower than in larger firms. Second, due to
the so-called Schmookler-effect, demand enhances innovation and innovation enhances demand,
but evidence isinconclusive on the relative strength of causation in either direction. Third, thereis
adifference between determinants of product and process innovation. Nevertheless, some
researchers demonstrated complementarity between product and process innovations (e.g.
Cabagnols and Le Bas, 2002). Cost-reduction strategies seem to stimulate joint process and product
innovation over product innovation alone.

Summarizing, innovation output refers to the results of the innovation process. I nnovation output is
often measured by the share-in-sales of new products, next to patents and product announcements.
The innovation output is influenced by the innovative inputs, the innovation process, R&D on a
permanent basis, cooperation, and technological opportunities offered by customers, suppliers and
competitors

firm performance

In the end, the aim of all firms considering innovative activities isto boost the firm performance
compared to non-innovating companies. In measuring firm performance, various concepts are
found: sales per employee, export per employee, growth rates of sales, total assets, total
employment, operation profit ratio, turnover and return on investment (Sirilli, 2001).

Innovation related factors influencing firm performance
In general, publications are positive about the effect of innovation on firm performance. The
already mentioned publication edited by Kleinknecht and M ohnen (2002) present a series of
econometric explorations. Diederen, et al., (2002) conclude from the Dutch FADN -database that
innovative farmers show significantly higher profits and growth figures than firms that are not
innovative. Favre, et al., (2002) conclude, from a sample of 2879 French firms from fourteen
industries, there is a positive impact of innovations on profits. R&D intensity and co-operation,
capital intensity, sales, innovative exports, market share, and industry concentration, and national
and international R& D spill-overs exert asignificant influence on afirm’s profits (Favre, et al.,
2002). Avanitis and Hollenstein (2002) conclude that the use of external knowledge, technological
opportunity and the degree of innovativeness significantly increase the productivity of knowledge
capital (Avanitis and Hollerstein, 2002).
Two papers in Kleinknecht and Mohnen (2002) examine the (causal) relationship between
innovation and export performance. Levebvre and Levebvre (2002), on the basis of a SME-database
on 3187 firms over athree-year period, conclude that, in decreasing order, size, import activities,
R& D, knowledge intensity, and distribution access, determine significantly the export performance.
Kleinknecht and Oostendorp (2002) focus on the causal relationship between R& D and exports.
They conclude that R& D intensity increases the probability of being an exporter, but it does not
influence export intensity. On the other hand, export intensity influences R& D-intensity. Also the
higher share of higher educated personnel enhances both R& D and export performance.

In apublication based on the Dutch innovation monitor, Meinen (2001) is positive on the question
whether innovation is worth doing. Firms executing R& D on a permanent basis, who co-operate
with others, and who use various sources of information, raise extraturnover over the period 1996-
'98, by respectively 8.5 percent, 2 percent, and 6 percent.

In two publications, L66f investigates innovative sales per employee, employment growth, the sales
margin and productivity. L66f (2000) presents a positive relationship of innovative sales per
employee (elasticity) on five different performance measurements, namely employment growth,
value added per employee, sales per employee, operating profit per employee, and return on assets.
The sales margin is not significantly influenced by innovative output. When we distinguish between
manufacturing and service firms, the relationship between innovative output and employment
growth is not significant any more for service firms. In another study, L66f, et al., (2001) tested the
effect of different concepts on the productivity for three Nordic countries. From these factors,
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innovation output, firm size, % non R& D engineers, % administrators are significant at the 5%
level in at |east two of the three Nordic countries.

Summarizing, studies show that innovative firms have a higher profits and grow faster.
Performance studies are presented detailing profits, turnover growth, export performance, export
intensity, innovative sales per employee, sales margin and productivity. Especially innovation on a
permanent basis, cooperation with other parties and the use of several information resources will
result in extraturnover.

Implications for the research model and estimation methods

implications for the research model

From the literature review, it is clear that state of the art research approach consists of the
combination of the process and systems approach, feedback loops and the subject approach. This
new research approach is based on the models of Kline and Rosenberg (1986) and Crépon, Duguet
and Mairresse (1998). In these models, the innovation process breaks down in innovation input,
innovation throughput and innovation output. Sometimes the innovation propensity and firm
performance are included. These models take into account selectivity and simultaneity biases (see
e.g. Loof, et al., 2001, Klomp and Van Leeuwen, 1999).

Another central point in the new approach is the feedback loop from economic performance to
innovation performance. There can be feedback loops from firm performance to innovation input
and/or innovation output. By using a simultaneous equation model, these feedback mechanisms can
be tested.

Furthermore, the subject approach seems useful as it uses direct micro-data from the companies
themselves (e.g. innovation related turnover) instead of derived information, as with the object
approach (e.g. patents). The subject approach also better serves the international comparability and
new research areas like the effect of organizational innovations and aspects of the knowledge-based
economy (Archibugi and Sirilli, 2001).

implications for the estimation methods

Recent studies have revealed a clear revolution as far as the estimation methods are concerned. As
the reduced form equations are no longer acceptable and feedback relations are to be expected, then
tobit, generalized tobit, probit, and the Heckman-models are becoming more and more standard
practice

Tobit istypically introduced to adapt for the conditionality of an equation on a certain decision, e.g.
to innovate or not. In the papers analysed the generalized tobit model is standard practice for
establishing the prospensity and intensity of innovations. In that model the actual level of an
indicator is estimated as is the probability of observing a score between 0 and 1 (probit). The
distribution of the disturbances can thus be established. In a neat modelling exercise the two
disturbance termsdo not differ significantly. Many researchers also use Heckman-modelling for the
simultaneous-equation modelling. Heckman (1979) allowsto identify the parameters of the
participation model and the intensity model separately (Felder, et al., 1996: 139).

Loof, et al., (2001) apply both 2SLS and 3 SLS. The 3SLS may bring in feedback effects from e.g.
productivity (predictions) to innovation output. There is no clear direction in the resulting
differences in significant factors.

We conclude that a wide range of estimation methods may be applicable. “Innovation survey data
have peculiar characteristics, which require some special econometric techniques and invite usto be
modest regarding the results obtained” (Kleinknecht and Mohnen 2002: xxviii). First of all the use
of additional data setsisrecommended as the number of explanatory variables may otherwise be



rather limited. Second, the problem of selection biasis evident here. The (generalized) Tobit -
models may correct for that problem. Third, to correct for qualitative variables (ordinal, binary, or
count data) different dependent variable techniques are required. One may use the univariate probit
model, the univariate logit model, the bivariate probit model, the trivariate probit model, the
univariate probit model, count data models, and the multinominal logit model. Fourth, innovation
survey data share the problem of simultaneity, e.g. between innovation, exports, investments, and
R& D investments. Fifth, dynamic models and panel data techniquestypically cannot be applied as
they require longitudinal data. “ Y et, after controlling for experience effects (lagged variables) and
unobserved heterogeneity, the picture regarding determinants of innovation can be quite different”
(Kleinknecht and Mohnen 2002: xxviii).

Besides, we will look at the differences between small and mediumsized firms as well. Several
studies indicate that this distinction is worth to investigate because of differences between both
types of firms (e.g. Meinen, 2001a, Klomp and Meinen, 2001a and Kleinknecht, 2000).

Conclusions

We have come to the closing section of this chapter. It aimed at depicting the current state of
knowledge regarding the relation between innovation and performance in general.

The research on innovations is rapidly developing. Due to political pressure and scientific
advancement innovation research is transforming itself. The process approach, the systems
approach and new indicators lead the research into new uncharted waters. But thereis clearly afirst
mover advantage for research on R& D data, and, to a minor degree, patent data. New innovation
parameters have a hard time to prove their superiority. The backing of the Community Innovation
Surveys by Eurostat clearly strengthens their position. The new indicators to stay are most probably
the share in turnover of products new to the firm or new to the industry. Note that such a high share
in sales of innovative products may be the result of the number of new products and/or the rapid
diffusion of new products. Furthermore, the innovation expenditures indicator will stay, although
not all the underlying items may be included in the end. The reason is that the extra administrative
burden on the firms may not countervene the added value of that extrainformation. Of the others,
e.g., information sources, and technical innovations additional testing will have to settle matters.

Ininnovation studies, the ‘linear model’ and the neoclassical approach are left behind in favour of
complex systems models and entrepreneurship and knowledge creation at the centre of research.
The methodologically based picture of the atomistic profit maximising firm is replaced by the
learning entity with bounded rationality, developing external networks and internal capabilities
working in a geographical space (Arnold and Thuriaux, 2000: 9). It is recommended to work on
both Heckman, tobit and probit methods. Also the Full Information Maximum Likelyhood may be
useful. They seem to be here to stay. Nevertheless, a major problem for our innovation research, as
with other economic growth literature, is that there remains a huge gap between the formal models
and the complex mechanisms tested in empirical work. Also the need to work often with indicators
instead of factual data enlarges the problematic interpretation of empirical tests (L&6f, et al., 2001:
4).

In this chapter we have listed the prime developments in innovation research; we have listed the major
publications that tested such new approaches, new methods and new innovation indicators. In the next
section, we will discuss the methodology of this research. In chapter four the model discussed in this
chapter will be tested.
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Research methodology and operationalisation

Research setting

To test the model previously presented, we collected data from 3042 Dutch companies. In the
telephone survey, the general manager was interviewed or the person responsible for R& D and
innovation. In total, 13,759 companies were contacted. Of these companies, 2,144 companies did not
meet our criteria (e.g. younger than three years, companies liquidated, wrong telephone number etc.).
Of the 11,615 companies that did meet our criteria, 3,042 completed the questionnaire, aresponse rate
of 26%. With 3,081 companies, an appointment was made for an interview. These appointments were
not used becausethe target of atotal number of 3,000 interviews was reached before the appointment.
Therest of the companies refused to cooperate or could not be reached (answering machine, busy etc.).
We tested for non-response bias. Characteristics of respondents are compared to characteristics (sector
and size) of non-respondents. It proved that there are no significant differences between the
respondents and non-respondents; thus we conclude that our response is representative for the
composed sampling frame.

Variables

The used data set contains alarge number of different innovation indicators and firm performance
variables. Table 1 presents the selected variables. For each variable a description is given, aswell asthe
scale and, in case of categorical variables, the value assigned to each category. The innovation related
variables can be grouped into three categories, innovation input variables, innovation process variables
and innovation output variables.

Table 1 Variable characteristics

Variable Description Scale Scale values
Innovation intensity
innovation % total time employees spend on metric
intensity innovative activities
degree % employees with masters or metric
education university degree
courses % employees with training metric
financed by own company
Innovation process
nat. subs use of national innovation and dichotomous 0 = no subsidy
technology subsidies 1 = use of
subsidy
Eur. subs use of European innovation and dichotomous 0 = no subsidy
technology subsidies 1 = use of
subsidy
cont. continuous innovating as part of dichotomous 0=no
innovation the company strategy 1=yes
innov. written  written down innovative activities  dichotomous 0=no
down 1=yes
certificate in possession of certificate ordinal 0=no
1 = attempting to
get certificate
2 =yes
change change in organizational structure  dichotomous 0=no
organization inlast 2 years 1=yes
customer systematic measurement or dichotomous 0=no
satisfaction customer satisfaction 1=yes
mar ket performing market research in last  dichotomous 0=no
research 2years 1=yes
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intermediate customer of intermediate dichotomous 0=no

organization 1=yes
product innovation goal is product dichotomous 0=no
innovation innovation 1=yes
process innovation goal is process dichotomous 0=no
innovation innovation 1=yes
co-op other co-operation with other companies  dichotomous 0=no
firms 1=yes
co-op research co-operation with research dichotomous 0=no
inst institutes 1=yes
co-op co-operation with educational dichotomous 0=no
educational institutes 1=yes
inst
Innovation output
innovation % new products/services in total metric
output turnover
Performance
turnover % change in total turnover between metric
growth 1997 and 1999
employment % change in total employment metric
growth between 1997 and 1999
Control variables
log turnover logarithm of total turnover 1999 metric
export growth  change in share of export in total metric
turnover between 1997 and 1999
profit profit development indication in ordinal -1 = decreased
development period 1997-1999 0 = same level
1 =increased
l0ss99 dummy indicating loss in 1999 dichotomous 0 = no loss
1=1loss
profit99 dummy indicating profit in 1999 dichotomous 0 = no profit
1 = profit
sector Dummy indicating manufacturing,  dichotomous
dummies trade, construction, hotel/transport
and services

Empirical results

In this section, the empirical results will be discussed. Various econometric models are estimated in
order to find determinants of innovation input, innovation output and firm performance. Our focusis on
small and mediumsized enterprises (SMES). Most studies focus on mediumsized and large companies
and use size as a control variable. Our data set allows us to focus on small and mediumsized firms and
do separate analysis for small firms and mediumsized firms.

Analyses are generally carried out in threefold. Firstly, models are estimated at the level of all available
firmsin the data set. Secondly and thirdly, the same model specifications are used to determine
coefficients for the samples of small firms and medium firms separately. Small firms are defined asa
firm with less than 10 employees. Medium firms have a number of employees that lies between 10 and
99.

Determinants of innovation input

Thefirst part of our analysis aims at finding determinants of innovation input. The variable of interest
isinnovation intensity, the total amount of time all employees spend on innovative activities, as a
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percentage of total availabletime’. The whole set of innovation process variables, firm performance
variables, and control variables are used as explanatory variablesin the innovation equation. A standard
linear regression model seems most appropriate to model the innovation input equation, using ordinary
least squares (OLS) as estimation method. The equation could have been modelled as a Tobit model,
which takes account of zero shares of innovation input. However, the number of observed firmsfor
which thisisthe case, isrelatively small (167 firms).

Table 2 presents the estimation results of the innovation input equation. First we comment on the
results of the sample of all small and medium firms, then the two separate groups are discussed.

Table 2 Estimation results innovation input model

al SMEs small firms medium firms

coefficien | t- coefficien | t- coefficien | t-

t value |t value |t value
constant 56.46 13.5| 58.97 8.3]13.89" 2.1
nat. subs 2.05 " 215737 3.0/ 0.83 0.9
Eur. subs 1.20 0.8| 1.77 0.5 2.04 1.5
cont innov. 4.07"" 3.8| 454" 2.7] 266" 2.3
innov. written down 1.04 1.2] 2.08 1.5] -0.74 -0.8
change organization -1.07 -1.3[ -.084 -0.6 [ 0.07 0.1
customer satisfaction | 0.27 0.3 -0.24 -0.2( 0.71 0.9
market research 2.32"" 2.7 3.02" 2.1 1.34 1.5
intermediate 1.29 15| 3.47" 2.4 -1.34 -1.6
product innov. 119" 25| 1.44 1.8| 0.90 1.8
process innov. -1.61 -1.6| -2.83 -1.8( 1.29 1.1
co-op. other firms 217" 2.7] 219 1.6]1.13 1.4
co-op. research inst. | 2.58" 25| 457" 23| 1.14 1.2
CO-0p. universities -0.04 0.0| 0.03 0.0] 0.03 0.0
turnover (log) -7.66 -12.8| -8.35 -7.6|-1.17 -1.3
turnover growth 0.00 1.1(0.01 0.8] 0.01 0.8
export growth 0.13" 25022 2.9]-0.02 -0.3
profit development -0.12 -0.3] -0.01 0.0] -0.14 -0.3
dummy loss 99 3.17° 2.0 3.96 1.6 2.38 1.4
dummy profit 99 -1.15 -1.1] -0.16 -0.1] -1.65 -1.4
dummy industry 0.08 0.1] 0.61 0.4] -0.07 -0.1
dummy trade 1.98" 2.0| 2.10 1.2 1.37 1.4
dummy hotel, 0.41 0.3| 1.06 0.4|0.26 0.2
transport
dummy services 2.26 24217 14| 238" 2.4
number of firms 1,769 907 862
R 0.20 0.21 0.09
Fvalue F F F

(23,1745) (23,883) (23,838)

=18.9" =10.16 =352

"p<.10, " p<.05, " p<.01

In the equation with all SMEsincluded, 12 of the 24 variables are significant. Among these variables
are the use of national subsidies, continuous innovation in the mission, market research, product
innovation, export growth and cooperation with other firms. These variables all have a positive effect,
as expected. The turnover has a negative effect on theinnovation input. Thisimpliesthat if the turnover
increases, the innovation input decreases.

1 . . . . . .
The innovative inputs degree education and courses are not used as dependent variables. They focus on the quality of
the input and not the level of input that is the relevant aspect in this research.
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When splitting up the samplein small and medium sized firms, different results come to the fore. The
independent variablesin the regression model explain the innovation intensity fairly well for the
sample of small firms. However, for medium firms, none of the coefficients are significant at the 1%-
level. Only three variables have a significant effect at the 5% level.

For small firms, obtaining national subsidies has a significant positive effect on the amount of time put
into innovation. European subsidies have no discernible effect on the innovation intensity.

Firmsthat incorporate innovating activitiesin their long-term strategies, spend relatively more time on
innovation. This can be seen as a structural process. This holds for both small and mediumssized firms,
displaying alarger effect for small firms. Writing down thisinnovative strategy has no significant
effect on innovation input. A change in the organizational structure of the firm and the measurement of
customer satisfaction also display no discernibleinfluences. In contrast, carrying out market research
leads to increased innovation intensity. Again, the effect is only significant for small firms. Small
companies that have contacts with the intermediate organization have significantly higher innovation
inputs than firms without the contacts. Co-operation with other firms and research institutes have a
positive effect on innovation input for the sample of all firms, but when the distinction is made between
small and medium firms, only the coefficient of co-operation with research institutes holds its
significance for small firms.

Larger firms, in terms of the logarithm of total turnover, spend relatively less time on innovative
activities. Looking at the two different size classes, this only holds for small firms. Apparently,
medium firms form a more homogeneous group where firm size does not matter for the amount of time
put into innovation. Turnover growth has no significant effect on innovation input. However, alarger
mutation of export share (in total turnover) leads to increased innovation intensity. This effect isagain
only observable for the sample of small firms.

Based on the presented results one may conclude that size does influence the relationship between
several explanatory variables and the innovation input. Especially for small firms, several variables
have a positive impact on the innovation input. National subsidies, contacts with the intermediary
organization, the cooperation with research institutes and the growth in export intensity influences the
innovation input. For medium sized firms, it is not so clear what contributes to the innovation input.
Variance in the individual explanatory variables does not significantly explain the variance in the
innovation input (except for continuous innovation and product innovation, the latter only at the 10%
level).

Determinants of innovation output

Our next focus is on innovation output. We use the share of new products or servicesin total turnover
as innovation output indicator and dependent variable. Since a number of firms have zero innovative
output, simply estimating alinear regression model by OL S leads to biased estimates. Tobit models are
better suited to model such a dependent variable (Greene, 2000, Franses and Paap, 2001). We use a
type-2 Tobit model (Amemiya, 1985). The type-2 Tobit model consists of two different models, a
Probit model and a standard linear regression model. In the Probit part of the model, a binary
dependent variable is considered, which takesavalue of 1 if afirm hasinnovative sales (0 if firm has
no innovative sales). Conditional on having innovative sales, the share of innovative salesin total
turnover can be modelled using a standard linear regression model (“the OLS part”). The type-2 Tobit
model reads asfollows:

i 3 e 3
atabx;+e, ity =a+gb;x +e; >0

_1 =1 =
Yi =1 )
T . * [*]
10 ifyy =a+g b,x;+e; £0

t =1

with e; ~ N(0,1) and &; ~ N(0,s,°). The model can be estimated using ML. However, a simpler method
can be applied, known as the Heckman two step-procedure (Heckman, 1976). In the first step the Probit
model is estimated with ML. In the second step, the linear regression model is estimated (using OLS)
for the firms with a positive share of innovative sales. In the OLS- part, the inverse Millsratio (or
“Heckman-term”) is added to the standard regression model, correcting for the biasin the estimates.

This produces less efficient estimates than ML, but in general estimation results will not differ
substantially. We shall use the Heckman two-step procedure in our analysis.
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The estimation results of the type-2 Tobit model are displayed in Table 3. The Probit part explains the
aspects that influence the probability of having innovative sales, the OLS part the extent that the
different aspects contribute to the level of innovative output. Theinverse Millsratio isinsignificant for
all specifications, indicating we have atwo-part model, with no biasin the estimation of the OLS part

of the model.
For all firms, the probability of having innovative output is positively influenced by continuous
innovation, a change in the organi zation structure, the measurement of customer satisfaction, product
innovation as innovation goal and the turnover. Contacts with the intermediate organization have a
significant and negative effect on the probability of having innovative output. Thisisin contrast to our
expectations.

Table 3 Estimation resultsinnovation output model, type-2 Tobit model

smal | medium

al firms firms firms

probit probit probit

part ols part part ols part part ols part

t- t- t- t- t- t-

coef value [coef value [coef value |coef value |coef value |coef value
constant -0,39 -0,838,48" 2,1-1,15 -1,664,21 1,9 0,06 0,156,19 | 3,1
innovation
intensity 0,00 1,270,487 | 12,40,00 050,44 | 7,90,03" 290,46 | 6,5
degree
education 0,00 1,4 0,03 1,4 0,00 1,110,01 0,4 0,00 0,4 0,05 1,1
courses financed
by firm -0,00 -1,4-0,06" | -2,4-0,00 -0,9-0,05 -1,3-0,00 -1,1-0,05 -1,3
nat subs. 0,20 1,713,35" 2,10,02 0,1 4,97 10,25 1,61,23 0,7
Eur subs. -0,18 -1,0-4,23 -1,§0,13 0,4-9,79 -1,6-0,41 -1,7-0,07 0,0
cont innovation | 0,39 3,575 2,10,41" 2,845,17 1,40,42" 2,51,22 0.4
innovation
written down  |0,05 0,5 1,44 0,9-0,06 -0,9 1,14 0,40,32" 2,01,13 0,5
certificate 0,11 -1,4-3,027"| -2,60,13 -1,2-1,65 -0,§-0,05 -04-319° | -25
change in
organization 0,23" 2,52,90" 2,00,27" 2,0 2,56 1,0,28" 2,01,28 0,9
customer
satisfaction 0,337 3,40,87 0,40,38" 2,7-1,39 -0,40,33" 2,30,77 0,5
market research | 0,06 0,6 0,11 0,1-0,11 -0,8-0,51 -0,40,23 1,40,64 0.4
intermediate  |-0,23" -2,4-0,90 -0,6-0,31" -2,20,94 0,3-0,21 -1,4 0,03 0,4
product
innovation 0,61 11,9 2,52 0,90,60 8,6-1,94 -0,90,66 8,20,38 0,4
process
innovation 0,11 1,0-2,72 -1,90,11 0,8-4,56 -1,10,05 0,30,11 0,0
co-op other
firms 0,15 1,6 0,26 0,40,08 0,6 0,08 0,0 0,23 1,6-1,09 -0,1
Co-op research
inst 0,21 -1, 1,50 0,9-0,09 -0,5 6,06 1,8-0,36 -2,1-0,03 0,4
CO-0p
universities 0,03 0,20,84 0,4 0,22 1,4 1,80 0,6-0,10 -0,7-1,19 -0,1
log turnover 0,14 2,0-4,67""| -3,40,28" 2,6-6,27" | -2,90,03 0,24,05" | -2
turnover growth | 0,00 1,000,047 | 3,40,00 1,004 | 2,40,00 0,940,057 | 3,1
export growth  |0,01 1,410,257 | 3,10,00 0,20,24 1,90,02 1,30,16 1,5
profit
devel opment 0,03 0,70,38 0,40,12° 1,70,41 0,3-0,08 -1,1 0,37 0,4
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dummy loss99 |-0,28" -1,75,96" 2,1-0,09 -0,411,147°| 2,60,62° -2,1 2,40 0,7
dummy profit99| 0,03 0,2-0,04 0,4 0,08 0,91,73 0,6-0,09 -0,4-2,09 -0,9
dummy industry | 0,14 1,5-0,42 -0,40,18 1,4-1,26 -0,40,12 0,8-0,98 -0,4
dummy trade | 0,17 1,6 1,09 0,90,27 1,8-0,67 -0,40,09 0,6 1,05 0,4
dummy

hotel transport | 0,08 0,56,63 " 2,20,15 -0,611,879 | 1,90,23 1,0 3,75 1,7
dummy services | 0,08 0,81,28 0,40,19 1,31,38 0,4-0,06 -0,4-0,26 -0,1
inverse mills

ratio 31,66 1,4 -1,16 0,4 -20,75 | -0,7
# of firms 1.418 1.099 719 538 699 561

R? 0,31 0,31 0,23
McFadden R> |0,25 0,244 0,31

"p<.10,” p<.05,  p<.0l

The extent of innovative output is positively influenced by theinnovative intensity, national subsidies,
continuous innovation, change in the organization, the growth in turnover and the growth in export.
Courses financed by the firm, certificates and the turnover have a negative effect on the level of
innovative output. The effect of courses and certificatesis the same asin the previous analysis. Cources
and certificates seem to have a negative effect on creativity and the flexibility necessary for innovation.
For turnover there is a positive effect on the probability of having innovate output (the larger the firm
measured in turnover, the higher the chance of having innovative output) and a negative relationship
with the level of innovative output (the larger the firm, the lower the percentage of innovative output).
This confirms the findings of Van Vossen and Nooteboom (1996) that if a small firm decidesto have
innovative output, they are more innovative than larger firms.

Effects for small and medium-sized firms separately are very similar. The variablescontinuous
innovation, change in organization, customer satisfaction and product innovation all have a significant
positive effect on the probability on having innovative sales. For small firms, turnover (log) has a
significant positive effect on the probability of having innovative sales. The variable Contacts with
inter medi ate organization has a significant negative effect. For mediumsized firms the variables
innovation intensity, and innovation written down also have a significant positive effect on the
probability of having innovative sales, cooperation with research institutes has a negative effect.

Most of the variables that influence the probability of having innovative sales do not affect the level of
innovative output significantly. The level of innovative output for both small and mediumsized is
positively influence by innovation intensity and turnover growth. The level is negatively influenced by
turnover (log). Certificates also have a negative effect on innovative output for mediumsized firm.

A striking result is the positive impact on innovative output of the event of alossin 1999 for small
firms. The size of the effect isvery large. Small firms with losses could concern firmsin the start-up
phase, which invest heavily in innovative activities, resulting in modest innovative output, while
turnover remains at alow level.

Determinants of firm performance

Thelast step in our analysis deals with the relationship between innovation and firm performance. We
tested for four different performance measures: the growth in turnover, growth in employment, profit
and productivity in 1999. We will only present the results of the growth in turnover (Table 4) and
employment (Table 5). The regression for profit is not significant and the differences in productivity
are only explained by the sector dummies. It isimportant to remark that the R?s for the presented
equations arerelatively low for all regressions. Thisimplies that turnover growth and employment
growth areto alarge extent explained by other aspects aswell.

For all firmsaswell as for firm small and mediumsized firms separately, the innovative output hasa
significant and positive effect on the turnover growth. The effect for small firmsis stronger than for
mediumsized firms.

Table4 Relationship innovation and turnover growth

| al firms | small firms | medium firms
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coefficien | t-value | coefficien | t-value | coefficien | t-value
t t t
constant 26.83 3.15 35.80 2.39 19.91° 2.55
innovative | 0.40 6.73 0.46 " 5.27 0.20"" 2.88
output
dummy 0.43 0.13 4.34 0.76 -2.18 -0.71
industry
dummy 0.41 0.11 2.87 0.47 -1.91 -0.56
trade
dummy 5.45 0.94 8.79 0.82 3.82 0.76
hotel,
transportati
on
dummy 9.13" 2.64 10.61° 1.85 5.73 1.67
services
# of firms 1857 999 858
R 0.05 0.04 0.03
Fvalue F (5,1851) F (5,993) F (5,852)
=18.19 " =857 =586

"p<.10, " p<.05, " p<.01

Employment growth is explained by innovative output as well as by turnover growth. For mediun
sized firms, the effects are larger. The employment growth of small firmsis not explained by the

innovative output.

Table5 Relationship innovation and employment growth

al firms small firms medium firms
coefficien | t-value | coefficien | t-value | coefficien | t-value
t t t

constant 4.47" 2.48 0.57 0.37 5.82" 1.74

innovative | 0.03" 2.20 0.00 0.69 0.09"" 3.00

output

turnover 0.02""" 4.87 0.02°"" 5.51 0.06"" 4.18

growth

dummy -0.28 -0.39 0.07 0.11 -0.84 -0.64

industry

dummy -0.27 -0.36 -0.04 -0.06 -0.56 -0.38

trade

dummy 3.93" 3.21 -0.05 -0.04 5.94" 2.76

hotel,

transportati

on

dummy -0.19 -0.27 0.47 0.81 -0.58 -0.40

services

# of firms 1847 994 853

R 0.03 0.04 0.05

Fvalue F (6,1840) F (6,987) F (6,846)
=856 =6.64"" =7.90"

"p<.10,""p<.05, ""p<.01




Conclusions

Conclusion and discussion

In this study, we investigated the relationship between innovation and firm performance with a special
focus on small and mediumsized firms. Based on the literature review, the process approach to
innovation was used as starting point. In this process approach, the innovation processissplit in four
stages. In thefirst stage, afirm hasto decide to be active in innovation or not. Once afirm decides to
be active, it must decide how much to invest in innovation, i.e. the input stage. The innovative input
has to be transformed in innovative output, i.e. the transformation or process stage. The last stageisthe
output stage, the actual innovation/innovative sales. Thisinnovative output has to contribute to the firm
performance, e.g. in terms of turnover, employment growth or profitability.

The following conclusions can be drawn from our empirical test. The innovative input is explained for
small and mediumsized firms by different factors. The size effect becomes clear for the use of
subsidies. Small firms use national subsidies, mediumsized firms use European subsidies. Small firms
have more innovative input if they innovate in a continuous way. Also mediumsized firms have higher
innovative input if they innovate in a continuous way. For small firms also performing market research,
having contacts with an intermediate organization and cooperation with other firms and research
institutes have a positive effect on the innovative input.

Based on these results one may conclude that the national innovation policy has a positive effect on the
level of innovative input of small firms. The use of national subsidies and contact with the (government
supported) intermediate organization has asignificant and positive effect on the level of innovative
input.

Furthermore, we found a negative relationship between firm size (measured in turnover) and the
innovative input. Export growth has a positive effect on the innovative input. If the sampleissplitupin
small and mediumsized firms, these relationships are only significant for small firms. Thisfinding is
in line with previous empirical research (Vossen and Nooteboom, 1996, Kleinknecht, 2000, L 66f, et
al., 2001). Our findings indicate that the negative relationship is especially relevant for small firms. If
the firms are bigger and more homogeneous (in our research ten or more employees), the negative
relationship disappears. A similar argument can be given for the positive relationship between export
growth and innovative input.

The effects of different variables on the innovative output are tested with atype-2 Tobit model. The
decision to have innovative output is positively influenced by the continuity of the innovation efforts,
changes in the organization, the measurement of customer satisfaction and the focus on product
innovations. Strikingly, contacts with the intermediate organization have a negative effect on the
decision to have innovative output. The effect disappears for mediumsized firms. This might indicate
that contacts with the intermediate organization have a negative effect on the transformation process
from innovative input to innovative output. On the other hand, firms may get in contact with the
intermediate organization once there are not successful in transforming input into innovative output. It
may take time before the contact with the intermediate organi zation results in innovative output. For
mediumsized firms, also the innovation intensity, innovation written down and the cooperation with
research institutes have a positive effect on the chance of having innovative output.

Thelevel of theinnovative input has a strong positive effect on the level of innovative output. For all
firms together, national subsidies, continuous innovation, changesin the organization all have a
positive effect on the innovative output. Courses financed by the firm and certificates have a negative
effect on the innovative output. It looks like that these aspects hamper the creativity and the flexibility
of the employees resulting in alower innovative output. For small and mediumsized firms separately,
most of the effects disappear. Only the effect of the level of innovative input remains significant.
Furthermore, certificates have a negative effect on the innovative output of mediumsized firms.
Finally, turnover has a negative effect and turnover growth a positive effect on the innovative output.
Our results suggest that innovation contribute to the turnover and employee growth. The employment
growth is also influenced by turnover growth. For small firms, the innovative output does not influence
the level of the employee growth. The innovative output has no effect on the profitability and
productivity of the firm.

To conclude, our research shows that the innovation process of small firms differs from mediumsized
firms. Therefore, it isimportant to treat both groups differently. Our results furthermore suggest that
the national innovation policy stimulate especially small firmsto increase their innovative input. On the
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other hand, the innovation policy does not have a direct effect on the innovative output. This might ask
for achangein policy, focusing more on the transformation process from innovative input to innovative
output. Stressing the importance of continuous innovation, measuring customer satisfaction and the
importance of product innovation may lead to an increase in the number of firms that have innovative
output. Once they have innovative output, the level of input isimportant. As stated before, policy on
this aspect seems to be effective, at least for small firms.

Finally, innovation seemsto have a positive effect on the turnover growth and employment growth of
organizations, although the size of the effect isrelatively small. We could not find an effect on the
profitability of the firm or the productivity.

Suggestions for further research

Based on the results of our study, we can formulate some directions for further research.

In our model, we used a single indicator for innovative input (percentage dedicated time to innovation)
and innovative output (innovative sales). However, innovative input and innovative output are multi-
aspect concepts. Besides the dedicated time dedicated to innovation also R& D expenditures, the
education of the employees, newness of the machines, etc. influences the (quality of the) innovation
input. The innovative output may also be captured by the number of patents, new and efficient
processes, etc. Further research is encouraged to use these multi-aspects approach to the innovation
process.

In our study, we did not find an effect of innovation on profitability and productivity. From a
theoretical perspective one may expect a positive effect. For firmsthat do not invest in innovation one
may expect that the profit will decrease over time. Therefore, new research may focus on the
relationship between innovation and the devel opment or persistency of the profitability.

In this study, we used cross-sectional datato test causal relationship. To test these relationships,
longitudinal data are necessary. Further research is encouraged in thisissue.
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