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Abstract: The aim of this paper is to analyse the effects of knowledge management on 

the innovation success of firms in Germany. Using a matching procedure on data from 

the German Innovation Survey of 2003 (“Mannheim Innovation Panel”), we pair firms 

applying knowledge management with twin firms with similar characteristics not 

applying knowledge management. Our focus is on investigating the effects of 

knowledge management techniques on the economic success of firms with product and 

process innovations. The results of our matching analysis reveal that firms which 

apply knowledge management perform better in terms of higher-than-average shares 

of turnover with innovative products compared to their twins. We do not find a 

significant effect of knowledge management on the share of cost reductions with 

process innovation. 
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The effects of knowledge management on innovative success – 

an empirical analysis of German firms  

1 Introduction 

“The modern corporation, as it accepts the challenges of the new knowledge 

economy, will need to evolve into a knowledge-generating, knowledge-integrating and 

knowledge-protecting organisation.” (Teece, 2000, 42). An increasing amount of 

research on innovation and strategic management puts knowledge in the center of 

interest (Darroch, 2005, Davenport et al., 1997; Grant, 1996; Hall et al., 2002, 

Hargadon et al. 2002, Nonaka et al., 1995, Swan et al., 1999). In literature related to 

innovation, knowledge is discussed as the element of a recombination process to 

generate innovation (Galunic, 1998, Grant, 1996). It has an inherent value to be 

managed, applied, developed and exploited. Knowledge can be seen as an asset, 

raising traditional asset questions to management such as when, how much and what to 

invest in. Owing to the particular properties of knowledge, however, knowledge assets 

require special attention. Knowledge is (1) often embedded in employees; (2) has 

features of a public good (Jaffe, 1986: 984; Liebeskind, 1997); and (3) it can hardly be 

bought in the market (Hall et. al., 2006, 296). Therefore, innovating firms have a need 

for a sophisticated knowledge management (KM), which pays a lot of attention to the 

special requirements for and the interactive dimensions of knowledge (creation).  

The importance of knowledge management (KM) and its relationship to innovation 

is widely acknowledged. Empirical work, however, is still in its infancy and 

characterized by heterogeneous measurement approaches (Hall et al., 2006, 296). 

Various studies on technological (ICT-based) (Adamides et al., 2006), human resource 

(Carter et al., 2001) or social aspects (Gupta et al., 2000) of KM exist, focusing on 

innovation performance in general (Darroch, 2005). An approach that tries to measure 

firms’ quantifiable success with innovations achieved through KM is still missing. We 

make a first step towards filling this gap in the literature with this paper.  
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Our main focus is on assessing the impact of KM measures that try to foster 

knowledge flows and idea exchange across departments within a given firm, e.g. joint 

development of innovation strategies or temporary exchange of personnel. We assume 

these KM measures to be of special importance for innovation success. An additional 

question addressed in our empirical analysis is whether KM has different impacts on 

the success with different types of innovation, namely product and process 

innovations. Empirical findings and theoretical considerations (Darroch et al., 2002; 

Darroch, 2005) give reason to assume that differences do exist.  

In the empirical part of our paper we apply a matching method, usually used for 

impact assessment in labour market economics. It allows us to assess the difference 

between a KM firm and a twin firm which represents the firm as if it had not at all 

applied KM. Furthermore, we are able to attribute the innovation success to the 

deployment of KM since we keep, owing to the matching procedure, other firm 

characteristics similar between the twins. 

The paper is structured as follows. In the first section we identify theoretical 

arguments and empirical findings on the different impact which KM has with regard to 

innovation, namely product and process innovation. We derive our hypotheses on the 

basis of this. In section 3 we present the underlying data and measurement of 

variables. Afterwards, we discuss the matching method as our empirical approach to 

investigate the impact of KM on innovation success. The results of the matching 

procedure, interpretation of our findings and finally a conclusion will end our paper. 

2 Literature Review and Hypotheses  

Our literature review is guided by our main research question: “Does KM have an 

impact on a firm’s success with innovations?” We start our review of the literature 

with papers related to definitions and forms of knowledge management, before 

reviewing studies dealing with the link between KM and the success of innovation 

activities. 
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Knowledge management 

Several definitions and conceptions of KM exist (Alavi et al., 2001; Coombs et al., 

1998; Davenport, 1998; Nonaka et al., 1995; Probst et al., 1999).1 These different 

approaches to KM concentrate on the creation, diffusion, storage and application of 

either existing or new knowledge (see e.g. Coombs et al., 1998). Wiig (1997) puts his 

emphasis on the management of existing knowledge and states that the purpose of KM 

is “to maximize the enterprise’s knowledge-related effectiveness and returns from its 

knowledge assets and to renew them constantly.” (Wiig, 1997, 2). 

Davenport et al. (1998) stress that KM consists of making knowledge visible and 

developing a knowledge-intensive culture. Several studies identify acquisition, 

identification, development, diffusion, usage and repository of knowledge as core KM 

processes (see e.g. Probst et al. ,1999; Alavi et al., 2001). Swan et al. (1999) argue that 

knowledge exploration and exploitation are the core objectives of KM. 

KM implementation can be divided into IT-based KM and human-resource-related 

KM, as well as process-based approaches (Tidd et al., 2001). IT-based or supply-

driven KM emphasizes the need for (easy) access to existing knowledge stored in 

databases or elsewhere (Swan et al., 1999). In contrast to that, the demand-driven 

approach is more concerned with facilitating interactive knowledge sharing and 

creation (Swan et al., 1999). Our study focuses on the latter type of KM 

implementation. 

 Knowledge Management and innovative success 

That knowledge management and innovation activities are closely linked is obvious. 

According to Schumpeter, innovation is the result of a recombination of conceptual 

and physical materials that were previously in existence (Schumpeter, 1935). In other 

words, innovation is the combination of a firm’s existing knowledge assets to create 

new knowledge. The primary task of the innovating firm is therefore to reconfigure 

existing knowledge assets and resources and to explore new knowledge (Galunic et al., 

1998; Grant, 1996; Nonaka et al., 1995). Both exploration and exploitation of 

knowledge have been shown to contribute to the innovativeness of firms and to its 

                                                      
1 See Dick et al. (2002); Earl (2001); Gold et al. (2001) for additional KM conceptions. 
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competitive advantage (Swan et al., 1999; Hall et al., 2002; Levinthal et al., 1993; 

March, 1991).  

Various studies focus on the role of KM in the innovation process. The results found 

by Liao and Chuang (2006) confirm the vital role which KM has for the knowledge 

processing capability and in turn, on speed and activity of innovation. Huergo (2006) 

provides evidence for the positive role technology management plays for the 

likelihood and success of firm innovations. A slightly different approach is applied by 

Yang (2006). He hypothesises that knowledge integration and knowledge innovation 

improve new product performance, via the moderating effects of marketing and 

manufacturing competencies, knowledge acquisition, and knowledge dissemination. 

This finding is supported by Brockman et al. (2003). They argue that the KM tools 

“use of innovative information”, “efficient information gathering” and “shared 

interpretation” improve the performance and innovativeness of new products.  

With regard to our special focus on “demand-driven” or “collaborative” KM 

methods, theoretical considerations provide ambiguous arguments. Alavi et al. (2001) 

argue that excessively close ties in a knowledge-sharing community may limit 

knowledge creation because of redundant information. Brown et al. (1998) and 

Nonaka et al. (2002), on the other hand, make the case that a shared knowledge base 

increases knowledge creation within the community. Empirical case study evidence 

shows mixed results as well. The findings of two studies by Darroch and co-authors 

are a good example: whereas Darroch et al. (2005) confirm the positive role of 

knowledge dissemination on innovation success, Darroch (2002) does not find any 

significant effects. 

Another aspect of the link between KM and innovation is how different types of 

innovation are affected by KM. According to Darroch et al. (2002) different types of 

innovation require different resources and hence a differentiated KM strategy. They 

investigate the effects KM has on three types of innovation: incremental innovations, 

innovations that change consumers’ behaviour and innovations destroying existing 

firm competencies. According to their findings different KM activities are important 

for different types of innovative success.  
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In her work, Darroch (2005) criticises the lack of literature explaining what effective 

KM means and how to measure its degree of success (Darroch, 2005). Particularly, 

many studies in which KM is a forerunner of innovative success fail to explicitly 

examine the relationship between the two constructs (Darroch et al., 2002). Our study 

is an attempt to provide research on that area. The literature which we have reviewed 

is limited in terms of the extent to which it allows hypotheses to be constructed on the 

different ways in which KM has an impact on innovative success. We expect, 

however, that KM acts differently on radical and incremental product innovation2 

success, as well as process innovation success. This expectation is based on Grupp’s 

distinction (1997, 1998). In the case of radical innovation, the main thrust of KM is to 

recombine knowledge assets and generate new ideas. These tasks are undertaken by 

KM, which is concerned with the exploration of new knowledge (Nonaka & Takeuchi, 

1995; Swan et al., 1999; Hall et al., 2002) and hence uses existing knowledge only to a 

limited degree. Incremental product and process innovations are based more intensely 

on existing knowledge. Process innovations occur continuously (Demarest, 1997; 

Tidd, 2001) and are characterized by investment in new production techniques or re-

organization of firm structures (Grupp, 1997, 1998). Therefore, KM approaches that 

address the exploitation of existing knowledge assets (Alavi et al., 2001; Gold, .2001) 

are supposed to be more relevant for incremental innovation. 

Hypotheses 

Summing up our literature review, theoretical considerations and empirical findings 

support the importance of KM for innovation in general. We presented a differentiated 

perspective on the innovation success and on types of KM tools in order to prepare our 

hypotheses3. KM in general is expected to have a positive impact on the innovative 

performance of firms. Therefore our hypotheses are as follows:  

H1: Firms applying KM are more successful with incremental innovations than 

firms without KM. 

                                                      
2 For a discussion about how to differentiate innovations with respect to novelty see Dosi (1988), Booz Allen 
Hamilton (1982), Landry and Amara (2002) or Monjon and Waelbroeck (2003). An overview of different 
measures of innovative success can be found in Janz (2003) and Caloghirou et al. (2003)  
3 Since we are not able to construct a measure of the overall innovative success with the data available to us, we 
formulate separate hypothesis for each type of innovation.  
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H2: Firms applying KM are more successful with radical innovations than firms 

without KM. 

H3: Firms applying KM are more successful with process innovations than firms 

without KM. 

3 Data set and main variables 

For our empirical analysis on the impact of KM on innovative success the data used 

for constructing the variables are taken from the Mannheim Innovation Survey (MIP). 

This annual survey is conducted by the Center for European Economic Research 

(ZEW) on behalf of the German Federal Ministry of Education and Research. The 

methodology, concepts and most of the questions of the survey are the same as those 

implemented in the Community Innovation Surveys (CIS) of Eurostat. This reliance on 

well tested questions leads to high quality data and comparability with data in other 

countries (Laursen and Salter, 2006). A non-response analysis is conducted to ensure 

that the stratified random sample drawn from the population of German firms with five 

or more employees in manufacturing and services is representative of the population. 

For our analysis we use the 2003 wave of the survey, in which data were collected on 

the innovative behaviour of enterprises during the three-year period 2000-2002.4 The 

information contained in the data set goes beyond that of traditional measures of 

innovation such as patents (Kaiser, 2002; Laursen and Salter, 2006) and allows us to 

construct a measure of knowledge management and various direct indicators of the 

economic success of firms’ innovative activities. 

Besides the core variables described below we make use of a number of control 

variables in various stages of the analysis.5 All the information used to construct these 

control variables is taken from the Mannheim Innovation Panel of 2003. 

                                                      
4 For a more detailed description of the 2003 MIP survey and expanded figures for a variety of topics related to 
the innovative behaviour of German firms see Rammer et al. (2005). A more general description of the MIP 
Surveys in English has been published by Janz et al. (2001). 
5 For a list of these variables and details on their construction see Table 4 in the appendix. 
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Measuring knowledge management activities 

Our indicator for knowledge management activities is constructed using a question 

from the 2003 Mannheim Innovation Panel about internal modes of collaboration on 

innovative activities between different departments. The focus is on “collaborative” 

KM techniques that potentially lead to the exchange of ideas and knowledge. We 

restrict our analysis to modes that require active management activities and exclude 

more casual modes such as informal contacts in order to stress the management effect 

of knowledge management. Our measure is based on the following six modes of 

collaboration: (1) joint development of innovation strategies, (2) open communication 

of ideas and concepts among departments, (3) mutual support with innovation-related 

problems, (4) regular meetings of department heads, (5) temporary exchange of 

personnel, (6) seminars and workshops involving several departments. We expect that 

most firms perform at least some type of KM activities. Hence, the resulting variance 

would be too small to identify effects of KM on the success of firms. In order to avoid 

this problem, we take a conservative approach. We label as KM firms only those firms 

which indicated that the scope of collaboration between departments was high 

(compared to medium, low and KM tool not used) for more than three KM tools.  

Measuring innovative success6 

The data from the Mannheim Innovation Panel contains several different measures of 

the economic success of innovations. The survey distinguishes between the success 

with product and process innovations and further differentiates between market 

novelties and innovations at least new to the firm. Market novelties are the subgroup 

of product innovations that not only fulfil the minimum novelty criterion of being 

considered as an innovation (“new to the firm”- incremental innovations) but also the 

stricter criterion of being new to the market of the firm (“market novelties” -  radical 

innovations). Accordingly, there are two different measures for the economic success 

of product innovations. The first is the share of total turnover in 2002 that can be 

attributed to product innovations introduced between 2000 and 2002 (used to test 

hypothesis 1) and the second one is the share of turnover in 2002 that is due to market 
                                                      
6 Similar measures of innovative success have been used by Belderbos et al. (2004), Lööf and Broström (2004), 
Love and Roper (2004), Gemünden and Ritter (1997) or Aschhoff and Schmidt (2008). 
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novelties between 2000 and 2002 (employed to test hypothesis 2). By definition the 

latter share is zero for innovative firms that did not introduce any market novelties.  

Similar to the success measures for product innovations, the questionnaire of the 

Mannheim Innovation Panel also includes a direct question on the success with 

process innovations. Firms are asked whether they introduced any process innovations 

during the previous three years that led to cost reductions in the year prior to the 

survey. Conditional on having any cost reducing process innovation the survey asks 

them to provide the share of cost reductions realized in the year prior to the survey. In 

our case this means that we have a measure of the economic success of process 

innovations introduced between 2000 and 2002, i.e. the share of cost reductions in 

total costs in 2002.  

Obviously, information on the success variables is not available for firms that did not 

introduce innovations between 2000 and 2002 or that had ongoing or abandoned 

innovative activities during that period. We therefore restrict our sample to innovation 

active firms instead of replacing the missing values with zeros. If the latter procedure 

had been employed, our estimated effects would have contained two effects of KM at 

the same time, the effect on the likelihood to introduce innovations and the effect on 

the share of cost reduction or turnover. Using the matching procedure on the restricted 

sample (innovative firms) allows us to identify the pure effect of KM on the share of 

turnover for innovation active firms. 

4 Empirical analysis - the matching procedure  

In order to test the impact of knowledge management on the success with 

innovations we make use of a technique that is usually used to evaluate the impact of 

public programs, “matching”. Its roots are in labour market research (Heckman et al., 

1998; Heckman et al., 1999; Lechner, 1998), but the technique has also been used in 

other areas, such as the evaluation of public R&D funding (Almus and Czarnitzki, 

2003; Lööf and Heshmati, 2005; Aerts and Czarnitzki, 2004). Sofka and Teichert 

(2006) just recently applied the matching method to compare the outcome of firms that 
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are active in global sensing to those that are not. They argue that the matching 

procedure is suited to the analysis of the resource based view and the capability based 

view, because it allows comparing “firms with similar contexts and dynamics in their 

environment” and “preserves the heterogeneity of firms” (Sofka and Teichert, 2006: 

5). 

The basic idea of the non-parametric matching method, which does not require the 

specification of a particular functional form of equations, is to compare means of 

outcome variables for a firm that exhibits a special characteristic (“treatment”) with 

those of a firm (“twin”) that is similar in terms of a predefined set of variables but does 

not exhibit that particular characteristic. The matching procedure allows its user to 

answer the question as to how a firm would have performed if it had not received the 

treatment (“counterfactual”), by re-establishing the conditions of an experiment with 

treatment and control groups. By comparing the performance of the treated firm in the 

hypothetical state (counterfactual) with its actual performance, the impact of the 

treatment on performance (“average treatment effect on the treated (ATT)”) can be 

isolated from other influences while keeping the heterogeneity of the firms intact 

instead of evaluating the mean impact, as would be done in a regression analysis.  

For determining the performance of firms in their counterfactual state one cannot use 

the average performance of the non-treated firms. This would lead to biased results. 

Therefore one attempts to match each treated firm with a non-treated firm which 

shows the same characteristics except the treatment variable. 

The basic method in our case works as follows (see, for example, Czarnitzki et al., 

2007): The first step is to split up the sample into two groups, the firms that use 

knowledge management and those that do not. In the second step we find for each 

innovative firm from the pool of knowledge management firms one similar “twin” 

firm from the pool of innovative firms without knowledge management practices. In 

order to find the twin firm the user of the matching procedure has to define a list of 

characteristics common to both the firm with KM and the twin firm without KM. It is 

tempting to define as many characteristics as possible in order to achieve the highest 

degree of similarity possible. However, the more characteristics are defined the harder 
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it is to find a twin firm in the control group of firms not using KM. This phenomenon 

is called the “curse of dimensionality” (Czarnitzki et al., 2007).  

Rosenbaum and Rubin (1983, 1985) propose using the propensity score (or 

probability) for a firm to have KM as a criterion for finding a comparable firm in the 

control group. To obtain the propensity score we estimate a probit model on the full 

sample with a dummy variable for KM as the dependent variable and the determinants 

of KM described above as the independent variables.7  

Lechner (1998) combined the two approaches to what is called “hybrid-matching”, 

which we use in our study. This method allows specifying a set of characteristics that 

have to be similar between KM firms and matched non-KM firms in addition to the 

propensity score. In our study we will only match KM firms with non-KM firms of a 

similar size (number of employees) and from the same industry and region (eastern 

Germany or western Germany). The similarity between two firms with respect to these 

characteristics and the propensity score is evaluated using the Mahalanobis distance 

between the variables for the two firms. To improve the quality of the matches we 

reduce the sample to firms with “common support”, i.e. we eliminate firms that have a 

propensity score higher than the maximum or smaller than the minimum in the 

potential control group (Czarnitzki et al., 2007)8. 

In order to be able to use the matching procedure two assumptions have to hold. The 

first is the conditional independence assumption (CIA) as described by Rubin (1977). 

It states that the independent variables that affect both the success and the status of a 

KM firm, the success variable and the KM variable are statistically independent. This 

CIA helps to overcome the problem that the KM firm cannot be observed without KM 

activities, i.e. the counterfactual outcome is unobservable. If the CIA is fulfilled, we 

can obtain the average outcome of KM firms in the absence of KM from the sample of 

twin firms. It implies that all variables that influence the success and the status of a 

KM firm are known and available in the data set (see Aerts and Schmidt, 2008). 

Unfortunately the CIA cannot be validated empirically (Almus et al., 1999). We 

                                                      
7 The set-up of the model is similar to the one in Cantner et al. (2009). The results of our probit estimation are 
reported in the appendix (Table 5). 
8 Only six firms that had KM activities had to be deleted from the sample because they lacked “common 
support”.  
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therefore have to assume that the CIA is fulfilled following previous studies using the 

Mannheim Innovation Data for matching/evaluation exercises which made the same 

assumptions (Czarnitzki et al., 2007, Arnold and Hussinger, 2004, Sofka and Teichert, 

2006). What is more, we are quite confident that the survey which covers a wide range 

of innovative activities contains all factors relevant for explaining KM and the success 

in the form we use it. Hence, we assume that the CIA is fulfilled. In Table 3 in the 

appendix the steps undertaken in the “nearest neighbour matching using the propensity 

score” are summarized.  

The second assumption we follow is the stable unit treatment value assumption 

(SUTVA) stating that the usage of KM does not impact on any other firms (Rubin, 

1990, 1991). In our context, this implies that KM usage does not impact on non-KM 

firms by market effects or knowledge spillovers. Thus, SUTVA rules out general 

equilibrium effects of KM implementation. However, interaction effects can both 

over- and underestimate the ATT. On the one hand, the ATT is overestimated when 

the innovative success of KM firms is realized at the expense of non-KM firms. On the 

other hand, non-KM firms might profit from knowledge spillovers generated in KM 

firms, which leads to an underestimation of the KM’s impact. Since these mechanisms 

of action are difficult to identify empirically, we follow the SUTVA and ignore 

general equilibrium effects. 

5 Empirical Results 

The probit estimation for the first step of the matching procedure, i.e. the estimation 

of the likelihood that a firm uses KM, yields the expected results (see Table 5 in the 

appendix). We find that the size of a firm, the importance of employment fluctuations, 

the structure of firms’ innovative activities (continuous R&D activities and consumer 

orientation) and belonging to a high-tech or knowledge-intensive industry significantly 

increase the likelihood that a firm uses KM techniques.9 The results of the probit 

                                                      
9 As expected, these results are fully in line with Cantner et al. (2009), who focus in their analysis on the 
determinants of KM using the same data as we do for this paper. 
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estimation are used to calculate the propensity score, which is necessary to minimize 

the distance between two firms, as described above. 

 

Table 1 Results before and after matching 

  Unmatched Matched 

  (1) (2) (3) (4) 

Variable KM firms

Non-KM 

firms 

(potential 

control) KM firms 

Non-KM 

firms 

Number of employees (log) 4.533 4.431 4.533 4.526 

Number of employees (sqr, log) 23.57 22.84 23.57 23.40 

Employee fluctuations 0.228 0.174** 0.228 0.202 

Consumer orientation 0.538 0.458 0.538 0.521 

Continuous R&D activities 0.751 0.573*** 0.751 0.746 

Multinational group 0.267 0.258 0.267 0.228 

Average product life cycle 8.988 9.558 8.988 8.9724 

Eastern Germany 0.308 0.331 0.308 0.308 

Medium-tech manufacturing 0.333 0.363 0.333 0.333 

High-tech manufacturing 0.156 0.12** 0.156 0.156 

Knowledge intensive services 0.356 0.98** 0.356 0.356 

Propensity score 0.327 0.78*** 0.327 0.325 

Number of observations 390 944 390 390 
Notes: Mean difference between (1) and (2) is statistically significant at the ** 95 % significance level; *** 99% 
significance level. 

Table 1 shows that after applying the matching procedure we really compare similar 

firms. For this compare columns (1) and (2) for the unmatched case with columns (3) 

and (4) in the matched case. For the 11 independent variables also used in the probit 

analysis (upper part of table 1) we find in the unmatched case that, statistically, the 

means of employee fluctuation, continuous R&D, high-tech manufacturing, and 

knowledge- intensive services differ significantly between the KM and the non-KM 
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firms (columns (1) and (2)). After the matching procedure these differences vanished 

(columns (3) and (4)). Moreover, of the characteristics which we specified before the 

matching procedure and which in addition to the propensity score have to be similar 

between KM and non-KM firms, the means of the dummy variables referring to 

industry and location are identical. For the number of employees and the propensity 

score the differences are not significant after matching. In the end, we compare 390 

KM firms with 390 twin observations which show a rather similar if not identical 

structure as expressed by the 11 independent variables. 

What remains different after the matching, however, is the mean for two of the three 

measures of innovative success. As table 2 shows, KM affects the turnover with 

product innovations and the turnover with market novelties positively and 

significantly. These results are in favour of our hypotheses 1 and 2. The effect of KM 

on the turnover with market novelties (i.e. the more radical innovations) is not only 

more significant than the effect on the turnover with product innovations, but also 

larger. The respective differences together with their bootstrapped stand errors are 

displayed in the third column. The share of turnover which firms with KM achieve 

with market novelties is, on average, 5.23 percentage points higher than the 

corresponding figure for non-KM firms. For the turnover with product innovations the 

average treatment effect on the treated is 3.37 percentage points. 

Surprisingly, KM has no significant effect on cost reductions with process 

innovations. Hypothesis 3 is therefore rejected. We expected to find a positive effect 

since KM is usually linked directly to processes and should help to streamline and 

improve productive processes, a fact which eventually leads to lower production costs. 

Our results indicate that this is not the case. One has to keep in mind, however, that we 

are not looking at the effects of all the processes of a firm but only at the effects of 

innovative processes introduced over a three-year period. It would therefore be 

premature to conclude that KM does not lead to cost reductions at all. Furthermore, it 

could be argued that our selection of KM techniques (imposed upon us by the data 

available) is more related to product development activities rather than process 

innovation activities.  
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Table 2 Treatment effects - results after matching 

 Mean KM 

firms 

Mean non-

KM firms 

Difference (“Treatment 

Effect”) 

Share of turnover with 

product innovations 

28.811 25.444 3.367 ** 

(1.969) 

Share of turnover with 

market novelties 

12.032 6.800 5.232 *** 

(1.710) 

Cost reductions due to 

process innovations 

3.317 3.241 0.076  

(0.710) 
Notes: ** 95 % significance level; *** 99% significance level; bootstrapped Standard Errors in parenthesis (100 

repetitions). 

Comparing the matching results with the results of the unmatched samples, we find 

the following: If we had looked at the means without matching KM firms and non-KM 

firms, we would have compared innovation active firms with significantly different 

levels of employee fluctuations, differences with respect to their R&D orientation and 

from different industries (columns (1) and (2) of table 1). Despite these differences in 

the independent variables, we would have found that KM firms are more successful 

with product innovations and market novelties than non-KM firms but not more 

successful when it comes to cost reductions with process innovations. In qualitative 

terms this result is similar to the one obtained with the matching procedure. The size of 

the estimated effect of KM would have been overestimated without matching, 

however. For the turnover with product innovations the average effect of KM 

(“treatment effect on the treated”) is 3.37 percentage points; without matching we 

would have estimated an effect almost twice as high with 6.48 percentage points 

(difference between column (1) and (2)). For market novelties the difference is 

smaller. After matching, the share of turnover which firms with KM achieve with 

market novelties is, on average, 5.23 percentage points higher than the corresponding 

figure for non-KM firms. Without matching KM and non-KM firms the corresponding 

figure is only slightly higher with 5.32 percentage points (again difference between 

column (1) and (2)). 
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6 Interpretation of results and conclusion  

Our findings for German firms contribute to empirical research on the impact of 

knowledge management on the (direct) economic success with product and process 

innovations. Based on a large-scale data set and using a matching procedure to 

crystallize the pure KM effects on innovation success, this empirical analysis provides 

strong evidence for the positive effect of KM. In concentrating on KM for interactive 

knowledge creation we pick out an element of KM which is very important for 

innovation. Our two main conclusions are, first, KM significantly increases the success 

with product innovations and market novelties and, second, KM has a differentiated 

effect on different types of innovation. With regard to the first finding, that means that 

firms which apply KM have on average a higher success with product innovations and 

a much higher success with market novelties compared to non-KM firms.  

Regarding our second conclusion, namely that KM impacts differently on different 

types of innovation success, we find that, all other things remaining equal, product 

innovation success and success with market novelties are significantly positive but 

affected differently by KM. This is indicated by the finding that both success measures 

are significantly higher in the treated (KM) group compared with the untreated (non-

KM) group of twin firms. Success with market novelties differs even more between 

KM and non-KM firms than success with product innovations. Our findings are 

distinct from those of Darroch (2005), who finds that KM firms are less likely to 

increase the development of new to the world innovations (not fully comparable to our 

market novelties concept) and more likely to develop incremental innovations 

(comparable to our product innovations concept) than non-KM firms. However, in our 

study we look at the success with innovations and not at the likelihood that they get 

successfully developed. In contrast to product innovation success, process innovation 

is not impacted by KM. There is only a very small difference between the treated and 

untreated group, and furthermore, this difference is insignificant.  

The differences between product and process innovation success can be explained by 

the selected KM tool focus. Since we only focus on “collaborative” KM, we leave out 

KM efforts such as knowledge storage and retrieval, or provision of ICT infrastructure 
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for access to and transfer of knowledge. These KM activities are more inclined to 

enhance exploitation of existing knowledge rather than the exploration of new 

knowledge, most relevant for product innovation development. They are more relevant 

for process innovation than for product innovation development. Since we leave out 

knowledge exploitation activities and their respective KM methods, the presented 

finding makes sense. However, it would be premature to conclude that other KM 

activities are more likely to increase success with process innovations. Based on our 

findings we just argue that “collaborative” KM is less likely to enhance the success 

with process innovations. 

Obvious links to other strands of literature exist that could be explored in subsequent 

studies. KM of the type we have analysed is part of the absorptive capacity of a firm, 

i.e. firms’ “ability to identify, assimilate, and exploit knowledge from the 

environment” (Cohen and Levinthal 1989: 569). It would be interesting to analyse how 

KM, which can be assigned to the assimilation part of absorptive capacity, interacts 

with the other layers of absorptive capacity to lead to increased performance. What is 

more, the KM could be interpreted as the absorptive capacity for internal knowledge as 

well, as it clearly helps to identify, assimilate or distribute and eventually exploit 

knowledge which the firm has within its boundaries. The literature on “open 

innovation” (Chesbrough, 2003) is also linked to KM. It would be interesting to see 

whether firms that have a more open strategy towards sharing knowledge with other 

firms are also more willing to adopt KM or more efficient in using KM than firms with 

a less open strategy.  
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Appendix 

Table 3 Matching protocol (nearest neighbour matching) 

Step 1 Specify and estimate a probit model to obtain the propensity scores .  ( )P̂ X

Step 2 Restrict the sample to common support: delete all observations on treated firms 

with probabilities larger than the maximum and smaller than the minimum in the 

potential control group.  

Step 3 Choose one observation from the subsample of KM firms and delete it from that 

pool. 

Step 4 Calculate the Mahalanobis distance between this firm and all non-KM firms in 

order to find the most similar control observation. 

 ( ) ( )ijijij ZZZZMD −Ω−= −1'

Ω

 

 Z contains the estimated propensity score, the firm size (number of employees), a 

dummy that indicates location in eastern Germany and the industry group to which 

the firm belongs.  is the empirical covariance matrix of these arguments based on 

the sample of potential controls. 

Step 5 Select the observation with the minimum distance from the remaining sample. (Do 

not remove the selected controls from the pool of potential controls, so that it can 

be used again.)  

Step 6 Repeat steps 3 to 5 for all observations on KM firms. 

Step 7 Using the matched comparison group, the average treatment effect on the treated 

can therefore be calculated as the mean difference of the matched samples: 

⎟
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with Ŷ being the counterfactual for firm i and nT is the sample size (of treated 

firms). Note that the same observation may appear more than once in that group. 

Step 8 As we perform sampling with replacement to estimate the counterfactual situation, 

an ordinary t-statistic on mean differences is biased, because it does not take the 

appearance of repeated observations into account. We bootstrap the standard errors 

to correct for that bias. 

Source: Adapted from Aerts and Schmidt, 2008. 
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Table 4 Construction of the control variables 

Variable name Type Description 

Average product life cycle  Index Average length of the product life cycle 
in years 

Consumer orientation Dummy One, if the firm’s strategy between 2000 
and 2002 is to provide individual 
solutions for customers. 

Continuous R&D activities Dummy One, if the firm is engaged in R&D 
activities on a continuous basis 

Eastern Germany Dummy One, if the firm is located in eastern 
Germany 

Employee fluctuation Dummy One, if the growth of employees 
between 2000 and 2002 was higher than 
the 90% percentile (+38 %) of all firms 
or lower than the 10% percentile of all 
firms (-17%). 

Multinational group Dummy One, if the firm belongs to a 
multinational group. 

Number of employees, log Log Number of employees in 2002 
Number of employees, sqr., log Log, 

squared Number of employees in 2002, squared 

Industries:    
Low-tech manufacturing Dummy One, if the firm belongs to NACE 15-

23, 25-28, 36 
Medium-tech manufacturing Dummy One, if the firm belongs to NACE 24 

(excl. 24.4), 29, 31, 34-35 (excl. 35.3)  
High-tech manufacturing Dummy One, if the firm belongs to NACE 24.4, 

30, 32, 33, 35.3 
Other services Dummy One, if the firm belongs to NACE 50-

52, 55, 60-64, 70-74 (excl. 74.1, 74.4), 
92.1, 92.2  

Knowledge-intensive services Dummy One, if the firm belongs to NACE 65-
67, 74.1, 74.4 
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Table 5 Results of the first step probit estimation 

 Firm used KM practices between 2000 
and 2002 (dummy) 

0.257*** Number of employees, log 
 (0.096) 

-0.020** Number of employees, sqr., log 
0.009 

0.249** Employee fluctuation  
 0.097 
Consumer orientation 0.179** 
 (0.076) 
Continuous R&D activities  0.474*** 
 (0.084) 

-0.101 Multinational group  
 (0.096) 
Average product life cycle  -0.002 
 (0.006) 
Eastern Germany  -0.073 
 (0.082) 
Medium-tech manufacturing 0.011 
 (0.112) 
High-tech manufacturing  0.238* 
 (0.139) 
Knowledge-intensive services 0.299*** 
 (0.113) 
Constant -1.756*** 
 (0.276) 
Number of observations 1,334 
Log likelihood -771.483 
Chi^2 69.16*** 
F-test for significance of all industry 
dummies together 11.82 *** 
Notes: ** 95 % significance level; *** 99% significance level; standard errors in parenthesis. 

 20

Jena Economic Research Papers 2009 - 037



Literature 

Adamides, E.D. and N. Karacapilidis (2006), Information technology support for the 
knowledge and social processes of innovation management, Technovation, 26, 
50-59. 

Aerts, K. and D. Czarnitzki (2004), Using innovation survey data to evaluate R&D 
policy: The case of Belgium, ZEW Discussion Paper 04-55, Mannheim.  

Aerts, K. and T. Schmidt (2008), Two for the Price of One? On Additionality Effects 
of R&D Subsidies: A Comparison Between Flanders and Germany, Research 
Policy 37(5), 806-822. 

Alavi, M. and D.E. Leidner (2001), Review: Knowledge Management and Knowledge 
Management Systems: Conceptual Foundations and Research Issues, MIS 
Quarterly 25(1), 107-136. 

Almus, M. and D. Czarnitzki (2003), The Effects of Public R&D Subsidies on Firms' 
Innovation Activities: The Case of Eastern Germany, Journal of Business and 
Economic Statistics 21(2), 226-236. 

Almus, M., J. Egeln, M. Lechner, F. Pfeiffer and H. Spengler (1999), Wirkungen 
Gemeinnütziger Arbeitnehmerüberlassung in Rheinland-Pfalz, Beiträge Zur 
Arbeitsmarkt und Berufsforschung 225, Nürnberg. 

Arnold, J.M. and K. Hussinger (2004), Export Behavior and Firm Productivity in 
German Manufacturing, ZEW Discussion Paper No. 04-12, Mannheim. 

Aschhoff, B. and T. Schmidt (2008), Empirical Evidence on the Success of R&D Co-
operation – Happy together?, Review of Industrial Organization 33(1), 41-62. 

Belderbos, R., M. Carree and B. Lokshin (2004b), Cooperative R&D and Firm 
Performance, Research Policy 33(2), 1477-1492. 

Booz Allen Hamilton (1982), New Products for the 1980s, Booz Allen Hamilton, New 
York. 

Brockman, B.K. and R.M. Morgan (2003), The Role of Existing Knowledge in New 
Product Innovativeness and Performance, Decision Sciences, 34 No. 2, 385-419. 

Brown, J.S. and P. Duguid (1991), Organizational learning and communities-of-
practice: Toward a unified view of working, learning, and innovation, 
Organization Science 2(1), 40-57. 

Caloghirou, Y., S. Ioannides and N.S. Vonortas (2003), Research Joint Ventures, 
Journal of Economic Surveys 17(4), 541-570. 

Cantner, U., K. Joel and T. Schmidt (2009), The Use of Knowledge Management by 
German Innovators, Journal of Knowledge Management 13(6), forthcoming. 

Carter, C. and H. Scarbrough (2001), Towards a second generation of KM? The 
people management challenge, Education + Training 43(4/5), 215-224. 

 21

Jena Economic Research Papers 2009 - 037

http://www.zew.de/de/mitarbeiter/mitarbeiter.php3?action=mita&kurz=tsc
http://www.zew.de/de/publikationen/publikation.php3?action=detail&nr=3063
http://www.zew.de/de/publikationen/publikation.php3?action=detail&nr=3063


Cohen, W. and D. Levinthal (1990), Absorptive Capacity: A New Perspective on 
Learning and Innovation, Administrative Science Quarterly 35, 128-152. 

Coombs R., R. Hull (1998), Knowledge management practices' and path-dependency 
in innovation, Research Policy 27, 237-253. 

Czarnitzki, D., B. Ebersberger and A. Fier (2007), The Relationship between R&D 
Collaboration, Subsidies and R&D performance: Empirical Evidence from 
Finland and Germany, Journal of Applied Econometrics, forthcoming. 

Darroch, J. (2005), Knowledge management, innovation and firm performance, 
Journal of Knowledge Management 9 (3), 101-115. 

Darroch, J. and R. McNaughton (2002), Examining the link between knowledge 
management practice and types of innovation, Journal of Intellectual 
Capital 3(3), 210-222. 

Davenport T.H., L. Prusak (1998), Working Knowledge, Harvard Business School 
Press, Boston  

Davenport, T.H., D.W. De Long and M.C. Beers (1997), Building Successful 
Knowledge Management Projects, Center for Business Innovation Working 
Paper, January 1997.  

Demarest, M. (1997), Understanding Knowledge Management, Long Range 
Planning 30(3), 374-384. 

Dick, M. and T. Wehner (2002), Wissensmanagement zur Einführung: Bedeutung, 
Definition, Konzepte, In: Lüthy, W., E. Voigt and T. Wehner (Eds.), 
Wissensmanagement Praxis. Einführung, Handlungsfelder und Fallbeispiele, vdf, 
Zürich, 7-27. 

Dosi, G. (1988), Sources, Procedures, and Microeconomic Effects of Innovation, 
Journal of Economic Literature 26, 1120-1171. 

Earl, M. (2001), Knowledge Management Strategies: Towards a Taxonomy, Journal 
of Management Information Systems 19(1), 215-233. 

Galunic, D.C. and S. Rodan (1998), Resource Recombinations in the firm: Knowledge 
Structures and the Potential for Schumpeterian Innovation, Strategic 
Management Journal 19, 1193-1201. 

Gemünden, H.G. and T. Ritter (1997), Innovationskooperationen und 
Innovationserfolg - Empirische Untersuchungen unter besonderer 
Berücksichtigung der Unterschiede zwischen Ost- und Westdeutschland, 
Abschlussbericht für das Bundesministerium für Forschung und Technologie, 
Karlsruhe. 

Gold, A.H., A. Malhotra and A.H. Segars (2001) Knowledge Management: An 
Organizational Capabilities  Perspective, Journal of Management Information 
Systems 18(1), 185-214. 

Grant, R.M. (1991), The Resource-Based Theory of Competitive Advantage: 
Implications for Strategy Formulation, California Management Review 33(3), 
114-135. 

 22

Jena Economic Research Papers 2009 - 037

http://www.zew.de/de/mitarbeiter/mitarbeiter.php3?action=mita&kurz=dcz
http://www.zew.de/de/mitarbeiter/mitarbeiter.php3?action=mita&kurz=afi


Grant, R.M. (1996), Toward a knowledge-based theory of the firm, Strategic 
Management Journal, (Winter Special Issue) 17, 109-122. 

Grupp, H. (1997), Messung und Erklärung des Technischen Wandels: Grundzüge 
einer empirischen Innovationsökonomik, Springer, Berlin, Heidelberg. 

Grupp, H. (1998), Foundations of the Economics of Innovation – Theory, 
Measurement and Practice, Edward Elgar, Cheltenham. 

Gupta, A.K. and V. Govindarajan (2000), Knowledge Management's Social 
Dimension: Lessons From Nucor Steel, Sloan Management Review, Fall 2000, 
71-80. 

Hall, B.H. and J. Mairesse (2006), Empirical studies of innovation in the knowledge-
driven economy, Economics of Innovation and New Technology 15(4/5), 289-
299. 

Hall, R. and P. Andriani (2002), Managing Knowledge for Innovation, Long Range 
Planning 35, 29-48. 

Hargadon A.B. (1998), Firms as Knowledge Brokers: Lessons in Pursuing Continuous 
Innovation, California Management Review 40(3), 209-227 

Heckman, J.J., H. Ichimura and P. Todd (1998), Matching as an econometric 
evaluation estimator, Review of Economic Studies 65(2), 261-294. 

Heckman, J.J., R.J. Lalonde and J.A. Smith (1999), The economics and econometrics 
of active labor market programs, in: Ashenfelter, A. and D. Card (Eds.), 
Handbook of labor economics 3, Amsterdam, 1866-2097. 

Huergo, E. (2006), The role of technological management as a source of innovation: 
Evidence from Spanish manufacturing firms, Research Policy 35, 1377-1388. 

Jaffe, A.B. (1986), Technological Opportunity and Spillovers of R&D: Evidence from 
Firm's Patent, Profits, and Market Value, American Economic Review 76(5), 984-
1001. 

Janz, N. (2003), Innovationserfolg und die Aneignung von Innovationserträgen, in: 
Janz, N. and G. Licht (Eds.), Innovationsforschung heute, ZEW 
Wirtschaftsanalysen, Band 63, Nomos Verlagsgesellschaft, Baden-Baden, 73-
111. 

Janz, N., G. Ebling, S. Gottschalk and H. Niggemann (2001), The Mannheim 
Innovation Panels (MIP and MIP-S) of the Centre for European Economic 
Research (ZEW), Journal of Applied Social Science Studies 121(1), 123-129. 

Johannessen, J.-A. J. Olaisen and B. Olsen (2001), Mismanagement of tacit 
knowledge: the importance of tacit knowledge, the danger of information 
technology, and what it is all about, International Journal of Information 
Management 21, 3-20. 

Kaiser, U. (2002), An Empirical Test of Models Explaining Research Expenditures 
and Research Cooperation: Evidence for the German Service Sector, 
International Journal of Industrial Organization 20(6), 747-774. 

 23

Jena Economic Research Papers 2009 - 037



Landry, R. and N. Amara (2002), Effects of Sources of Information on the Novelty of 
Innovation in Canadian Manufacturing Firms: Evidence from the 1999 Statistics 
Canada Innovation Survey, Study prepared for Industry Canada, Quebec. 

Laursen, K. and A. Salter (2006), Open for Innovation: The Role of Openness in 
Explaining Innovation Performance among U.K. Manufacturing Firms, Strategic 
Management Journal 27(2), 131-150. 

Lechner, M. (1998), Training the East German labor force: microeconometric 
evaluations of continuous vocational training after unification, Heidelberg. 

Levinthal, D. and J. March, (1993), The Myopia of Learning, Strategic Management 
Journal 14, 95-112. 

Liao C., S.H. Chuang (2006), Exploring the Role of Knowledge Management for 
Enhancing Firm's Innovation and Performance, Proceedings of the 39th Hawaii 
International Conference on System Sciences – 2006. 

Liebeskind, J.P. (1997), Keeping Organizational Secrets: Protective Institutional 
Mechanisms and their Costs, Industrial and Corporate Change 6(3), 623-663. 

Liu, P.-L.; W.-C. Chen and C.-H. Tsai (2005), An empirical study on the correlation 
between the knowledge management method and new product development 
strategy on product performance in Taiwan's industries, Technovation 25, 637-
644. 

Lööf, H. and A. Broström (2004), Does Knowledge Diffusion between University and 
Industry Increase Innovativeness?, CESIS Electronic Working Paper No. 21, 
Stockholm. 

Lööf, H. and A. Heshmati (2005), The impact of public funding on private R&D 
investment. New evidence from a firm level innovation study, CESIS Working 
Paper No. 06, Stockholm. 

Love, J.H. and S. Roper (2004), Knowledge Sourcing, Innovation and Performance: A 
Preliminary Analysis of Irish Innovation Panel Data, Aston Business School 
Working Paper, Birmingham.  

March, J. (1991), Exploration and Exploitation in Organizational Learning, 
Organization Science 2(1), 71-87. 

Monjon, S. and P. Waelbroeck (2003), Assessing Spillovers from Universities to 
firms: Evidence from French firm-level data, International Journal of Industrial 
Organisation 21(9), 1255-1270. 

Nonaka I. and H. Takeuchi (1995), The Knowledge-Creating Company. How Japanese 
Companies Create the Dynamics of Innovation, Oxford University Press Oxford  

Nonaka, I. (1994), A Dynamic Theory of Organizational Knowledge Creation, 
Organization Science 5(1), 14-37. 

Nonaka, I., R. Toyama and N. Konno (2000), SECI, Ba and Leadership, Long Range 
Planning 33, 5-34. 

OECD and Eurostat (1997), Oslo Manual - Proposed Guidelines for Collecting and 
Interpreting Technological Innovation Data, 2nd edition, Paris 

 24

Jena Economic Research Papers 2009 - 037



 25

Probst G., S. Raub and K. Romhardt (1999) Wissen managen. Wie Unternehmen ihre 
wertvollste Ressource optimal nutzen, Frankfurt am Main, 1999. 

Quintas, P., P. Lefrere and G. Jones (1997), Knowledge Management: a Strategic 
Agenda, Long Range Planning 30(3), 385-391. 

Rammer, C., B. Peters, T. Schmidt, B. Aschhoff, T. Doherr and H. Niggemann (2005), 
Innovationen in Deutschland - Ergebnisse der Innovationserhebung 2003 in der 
deutschen Wirtschaft, ZEW Wirtschaftsanalysen Band 78, Nomos 
Verlagsgesellschaft, Baden-Baden. 

Rosenbaum, P.R. and D.B. Rubin (1983), The Central Role of the Propensity Score in 
Observational Studies for Causal Effects, Biometrika 70(1), 41-55. 

Rosenbaum, P.R. and D.B. Rubin (1985), Constructing a Control Group Using 
Multivariate Matched Sampling Methods That Incorporate the Propensity Score, 
The American Statistician 39(1), 33-38. 

Rubin, D.B. (1977), Assignment to treatment group on the basis of covariate, Journal 
of Educational Statistics 2, 1-26. 

Rubin, D.B (1990), Formal Modes of Statistical Inference For Causal Effects, Journal 
of Statistical Planning and Inference 25 (1990), 279-292. 

Rubin, D.B. (1991), Practical Implications of Modes of Statistical Inference for Causal 
Effects and the Critical Role of the Assignment Mechanism, Biometrics 47, 
1213-1234. 

Schumpeter, J.A. (1935), Theorie der wirtschaftlichen Entwicklung, 4th edition, 
Duncker & Humblot, München und Leipzig. 

Sofka, W. and T. Teichert (2006), Global Sensing and Sensibility - A Multi-Stage 
Matching Assessment of Competitive Advantage from Foreign Sources of 
Innovation, ZEW Discussion Paper No. 06-009, Mannheim. 

Swan, J., S. Newell, Scarbrough H. and D. Hislop (1999), Knowledge Management 
and Innovation: Networks and Networking, Journal of Knowledge 
Management 3(4), 262-275. 

Teece, D.J. (2000), Strategies for Managing Knowledge Assets: the Role of Firm 
Structure and Industrial Context, Long Range Planning 33, 35-54. 

Tidd, J., J. Bessant and K. Pavitt (2001), Managing Innovation - Integrating 
Technological, Market and Organizational Change, 2nd edition, John Wiley & 
Sons, New York. 

Wiig, K.M. (1997), Knowledge Management: Where Did It Come From and Where 
Will It Go?, Expert Systems with Applications 13, No. 1, 1-14. 

Yang, J. (2005), Knowledge integration and innovation: Securing new product 
advantage in high technology industry, Journal of High Technology Management 
Research 16, 121-135. 

 

Jena Economic Research Papers 2009 - 037

http://www.zew.de/de/mitarbeiter/mitarbeiter.php3?action=mita&kurz=wso
http://www.zew.de/de/publikationen/publikation.php3?action=detail&nr=2784
http://www.zew.de/de/publikationen/publikation.php3?action=detail&nr=2784
http://www.zew.de/de/publikationen/publikation.php3?action=detail&nr=2784

	1 Introduction
	2 Literature Review and Hypotheses 
	3 Data set and main variables
	4 Empirical analysis - the matching procedure 
	5 Empirical Results
	6 Interpretation of results and conclusion 
	Appendix
	Literature

