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Introduction1

Based on close observation of a small number of companies, Chesbrough (2003a)
describes an innovation paradigm shift from a closed to an open innovation model,3

which is characterized by the use of purposive inflows and outflows of knowledge
to both accelerate internal innovation and expand the markets for external use of5

innovation. Recently, numerous companies (i.e. IBM, Intel, P&G) have started to
adopt the concept of open innovation. Nowadays, some managers even argue that7

“open innovation is no longer a source of competitive advantage, it has become
a competitive necessity.” At the same time, academic research on the concept of9

innovation is also proliferating. This open innovation research is dominated by
case studies on how open innovation is implemented and organized within firms11

(e.g. Dodgson et al., 2006; Chesbrough and Rosenbloom, 2002), and survey studies
on the adoption and performance implications of open innovation strategies (e.g.13

Laursen and Salter, 2006; Lichtenthaler, 2008).
Although these existing open innovation studies have contributed to our under-15

standing of the open innovation model, Chesbrough et al. (2006) emphasize that
these studies present a quite static perspective on open innovation, providing lim-17

ited insights in how open innovation evolves over time. In a similar vein, Laursen
and Salter (2006: 147) conclude that: “until greater research is undertaken on the19

nature of search over time, the full implications of the movement towards ‘open
innovation’ will not be fully understood.” The purpose of this paper is therefore21

to contribute to a more dynamic perspective on open innovation by conducting a
longitudinal analysis of the adoption of open innovation strategies. In order to do23

so, we rely on three comparable waves of the Dutch Community Innovation Survey,
which were conducted in 1996, 2000 and 2004.25

The contributions of this study are twofold. First, this study is to our knowledge
the first one to explicitly provide large-scale evidence of Chesbrough’s (2003a)27

assumption that a paradigm shift from a closed to an open innovation model
is taking place. At the same time, we provide evidence that this paradigm shift29

tends to occur in shocks instead of manifesting itself as a continuous process
over time. Moreover, we show that the timing of these shocks differs across31

industries. Second, this study supports the assumption provided by Chesbrough
(2003a) that internal and external innovation strategies are complements instead of33

substitutes.
The remainder of this paper consists of four sections. First, we position our study35

in the existing literature on open innovation. Subsequently, we discuss our method-
ology. Next, we describe our main results. Finally, we discuss the implications of our37

results, identify the main limitations of this study and suggest interesting avenues
for future research.39
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Literature Review1

Closed versus open innovation

Innovation has long been acknowledged as one of the critical driving forces in3

enhancing social welfare. Likewise, innovation is seen as crucial for the long term
survival and growth of the firm (Baumol, 2002; Schumpeter, 1939). According to5

Chesbrough (2003a), we are experiencing a paradigm shift in how companies man-
age and organize their innovation activities. In particular, he argues that companies7

are shifting from a closed to an open innovation model (see Fig. 1).
In a closed innovation model, firms internalize their firm-specific R&D activ-9

ities, and commercialize them through internal development, manufacturing, and
distribution processes. This model considers R&D as an inherent part of a vertically11

integrated system within firms. Within such a closed innovation model, the focus
is on securing “the best and the brightest”, and then trusting that these people will13

come up with valuable new innovations (Chesbrough, 2003b; Chesbrough, 2006).
In contrast, an open innovation model is characterized by the use of purposive15

inflows and outflows of knowledge to accelerate internal innovation, and expand
the markets for external use of innovation, respectively. This model treats R&D as17

an open system in which external ides and external paths to market are placed on
the same level of importance as that reserved for internal ideas and paths to market.19

Adopting an open innovation model, firms acknowledge that “not all of the smart
people work for us, so we must find and tap into the knowledge and expertise of21

bright individuals outside our company” (Chesbrough, 2003b: 38).

Empirical research on open innovation: a state-of-the-art23

During the past five years, the open innovation model has become increasingly popu-
lar among innovation managers, CEOs and policy makers. Following its widespread25

dispersion in practice, academic research on open innovation has also been prolifer-
ating. Examining the exisisting innovation literature, two streams of open innovation27

research can be identified.
The first stream of open innovation research focuses on the implementation of29

open innovation within firms. This research stream is dominated by case studies
that provide in-depth insights into motivations, processes, and outcomes of imple-31

menting an open innovation model. Chesbrough himself illustrates how high-tech
companies such as Xerox (Chesbrough and Rosenbloom, 2002) and IBM (Ches-33

brough and Appleyard, 2007) adopt open innovation models. Both Dodgson et al.
(2006) and Huston and Sakkab (2006) provide a detailed description of the imple-35

mentation of open innovation at Procter & Gamble. They describe how Procter &
Gamble launched its famous “Connect and Develop” innovation strategy in order37
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Fig. 1. From a closed to an open innovation model (based on Chesbrough, 2003b).

to revitalize growth through innovation. In addition, Dodgson et al. (2006) show1

that the implementation of this open innovation strategy was accompanied by the
adoption of new technologies for data mining, simulation, prototyping and visual3

representation. According to Huston and Sakkab (2006), the implementation of the
Connect and Develop strategy allowed Procter & Gamble to drastically improve its5

innovation success as well as its R&D productivity. Other case studies have focused
on the implementation of particular aspects of the open innovation model such as7

integrating customers into the innovation process (Enkel et al., 2005; Gassmann
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et al., 2006), investing in open-source software (West and Gallagher, 2006), inte-1

grating external technology exploitation in strategic technology-planning processes
(Lichtenthaler, 2008), and managing alliances and partnerships (Chiaromonte,3

2006; Faems et al., 2008).
The second open innovation research stream concerns cross-sectional survey5

studies on the open innovation phenomenon. Based on a cross-sectional survey
study of 154 technology-oriented companies in Germany, Austria and Switzerland,7

Lichtenthaler (2008) examines the extent to which companies adopt the open inno-
vation model. Conducting a cluster analysis, he reports that the vast majority of9

respondent firms represent closed innovators or firms with very limited external
technology acquisition and external technology exploitation. He also observes that11

open innovation is mainly driven by larger companies and that diversified firms tend
to externally leverage technologies more actively than focused firms. Conducting a13

survey study on 59 Finnish firms, Salmi et al. (2008) come to similar conclusions.
They observe that Finnish firms rarely have explicit open innovation strategies. In15

addition, their findings indicate that firms mainly focus on outside-in open innova-
tion processes (i.e. acquiring knowledge from outside partners) and largely ignore17

inside-out open innovation processes (i.e. selling knowledge to outside partners).
Other scholars rely on cross-sectional survey research to examine the perfor-19

mance implications of adopting open innovation strategies. In particular they assess
the extent to which the innovation performance of firms is influenced by (1) the21

reliance on external information sources (Laursen and Salter, 2006); and (2) the
presence/absence of formal collaboration with external partners (Belderbos et al.,23

2004; Faems et al., 2005). Laursen and Salter (2006) provide evidence that both
the number of external information sources (i.e. breadth of external search) and the25

extent to which firms draw deeply from these different external information sources
(i.e. depth of external sources) are curvilinearly related to innovation performance.27

Belderbos et al. (2004) and Faems et al. (2005) show that, whereas formal collabo-
ration with customers and/or suppliers positively influences incremental innovation29

performance, formal collaboration with universities and/or research institutes pos-
itively influences radical innovation performance.31

In sum, existing survey studies on open innovation show that the actual adaptation
of the open innovation model is still rather low. At the same time, some studies33

provide clear indications that engaging in open innovation strategies has important
advantages in terms of stimulating innovation performance.35

Need for a dynamic perspective on open innovation

Although academic research has become increasingly interested in the concept of37

open innovation, Chesbrough (2006: 3) acknowledges that “it is far too soon to
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claim that the paradigm of open innovation will make an enduring contribution to1

our understanding of innovation.” In addition, he emphasizes that, if open innova-
tion wants to become more than the next managerial hype, additional research on3

the open innovation concept is necessary. West et al. (2006) therefore formulate
a future research agenda that should allow to further explore the theoretical foun-5

dations, implications and limitations of the open innovation model. Among other
things, West et al. (2006) emphasize the need for a more dynamic perspective on7

open innovation. For instance, they argue that, whereas existing survey studies pro-
vide a cross-sectional analysis of the adoption and performance consequences of9

open innovation, more longitudinal designs that allow to map the evolution of open
innovation over time are needed. The purpose of this study is therefore to conduct a11

longitudinal analysis of the extent to which firms adopt open innovation strategies.

Methodology13

Data

In the Netherlands, there is a long tradition of innovation surveys. Since 1992, the15

Statistics Netherlands (CBS) has been conducting the innovation survey. In 1996,
the questionnaire was harmonized according the guidelines of EuroStat and every17

four years a harmonized questionnaire is sent to approximately 14,000 firms in the
Netherlands. At present, we have three waves of CIS-data to our disposal, CIS219

covering the period of 1994–1996, CIS3 (1998–2000) and CIS4 (2002–2004).
After merging at the firm level of the three waves of CIS-data, the dataset encom-21

passes 24,801 observations. From this dataset, we selected firms with 10 employees
or more and excluded firms in the primary sector, leaving 16,384 observations in23

the database. Only the firms that introduced at least one product or process innova-
tion needed to fill out all questions in the different waves of the CIS survey. In this25

study, the analysis is therefore further restricted to firms that introduced at least one
product or process innovation between 1994 and 2004. After selecting the innova-27

tive firms, 9,928 observations were left in the database, representing the answers of
7,671 unique firms. In this, three waves panel dataset 397 firms are present in all29

three waves, 1,094 firms are present in two waves and 6,180 firms are present in
only one wave. The lower part of Table 1 shows the structure of the panel dataset.31

In this study, we report results on both the full dataset and the restricted dataset (i.e.
only those firms that answered in all three waves).33

Variables

Reliance on external and internal information sources. In the Community Inno-35

vation Survey (CIS), one of the questions deals with the sources of innovation.
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Table 1. Construction of the panel dataset.

Step 0 Step 1 Step 2 Step 3
Separate files After merging Selection and Reshape: panel

removing data and
duplicates selection of

innovative firms
Number of observations

CIS2 10,670
CIS3 10,729
CIS4 10,829
CIS2+3+4 24,801
Cross section (all firms) 16,384
Panel data: firms innovative at least 9,928

once of which in:
CIS2 (1996) 3,852
CIS3 (2000) 3,255
CIS4 (2004) 2,821

Panel structure First occurrence in panel:

Number of occurrences 1996 2000 2004 Total

1 2,740 1,764 1,676 6,180
2 715 379 0 1,094
3 397 0 0 397

Total number of individual innovative firms 7,671

Firms were asked to indicate the importance of particular external sources of inno-1

vation such as (1) suppliers of equipment, materials, components, or software, (2)
clients or customers, (3) competitors or other enterprises in your sector, (4) uni-3

versities or other higher education institutions, and (5) conferences, trade fairs and
exhibitions. The degree of importance is measured on a 4-point scale: high (score5

= 3), medium (score = 2), low (score = 1) or not used (score = 0). Based on this
question, we constructed a variable that indicates the importance of external infor-7

mation sources for the firm’s innovation activities. In particular, we summed the
scores of all external sources of information. It needs to be noticed that the amount9

of external sources of innovation and the wording of the related question varied
between the successive CIS-questionnaires. In order to address this issue, we stan-11

dardized the score between zero and one. In this way, the scores were comparable
across different waves. In a previous study, Laursen and Salter (2004) constructed a13

similar variable. According to these scholars, this proxy variable adequately reflects
the degree of openness of the innovation strategy of a firm.15



1st Reading

May 18, 2009 13:45 WSPC/150-IJIM 00225

8 T. Poot, D. Faems & W. Vanhaverbeke

In the different CIS surveys, companies were also asked to indicate the impor-1

tance of internal information sources (i.e. sources within the enterprise or enterprise
group) for innovation activities. Based on this question, we also calculated a stan-3

dardized score, reflecting the importance of internal information sources. Finally,
we also constructed an indicator, measuring the relative importance of external5

information sources versus internal information sources.

External and internal collaboration. Formal collaboration with external partners7

for innovation activities has been recognized as a viable mechanism to accomplish
a shift towards an open innovation model (Chesbrough, 2003a; Faems et al., 2005;9

Poot, 2004). In the CIS surveys, organizations had to indicate whether they had
engaged in formal collaboration with different kinds of partners in different kinds11

of geographical locations. Out of the seven different types of collaborative partners,
we constructed four different modes of collaboration (Cassiman and Veugelers,13

2002). The first mode is collaboration with other enterprises within the enterprise
group. We call this mode internal collaboration. The second mode of collaboration15

is with competitors, called horizontal collaboration; the third mode is with suppliers
of equipment, materials, components, or software and clients or customers, called17

vertical collaboration; and the fourth mode is collaboration with consultancies,
universities, other research institutes, called knowledge-intensive collaboration. For19

each mode of collaboration, a score has been calculated by summing all the tick
marks thus treating the different locations equally and then scaled the score to a21

range between 0 and 10.

Industry variables. Industry membership can substantially influences the inno-23

vation strategies and practices of firms (Malerba, 2005; Pavitt, 1984; Veugel-
ers, 1997). Several studies (e.g. Hagedoorn, 1993, 2002), for instance, suggest25

that the adoption of collaborative R&D strategies is associated with high-tech
sectors, where learning and flexibility are important features of the competi-27

tive landscape. However, Chesbrough and Crowther (2006) recently reported that
open innovation is not only prevalent in high-tech industries, but also mani-29

fests itself in more traditional and mature industries. In addition, Lichtenthaler
(2008) came to the conclusion that industry membership does not influence the31

adoption of open innovation. Based on this observation, he concluded that “the
degree of open innovation seems to be mainly determined by the individual strate-33

gic choice of a company rather than by industry characteristics” (Lichtenthaler,
2008: 155). In our analyses, we wanted to look at differences between differ-35

ent industries in terms of the evolution of open innovation strategies. Table 2
provides an overview of the frequencies for each industry for the restricted37

dataset.
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Table 2. Overview of industry membership for restricted dataset (N = 397).

Sector Nace (rev 1.1) Frequency %

Food and Textile 15–19 38 9.6%
Wood and Paper 20–21 26 6.5%
Fossil fuels and chemicals 23–24 35 8.8%
Rubber and plastic products 25 20 5.0%
Metals and metal products 27–28 44 11.1%
Machinery 29 45 11.3%
Electrical and optical equipment 30–33 22 5.5%
Transport equipment 34–35 16 4.0%
Other manufacturing activities 26, 36–37 25 6.3%
Construction 45 17 4.3%
Services 22, 50–99 109 27.5%

Total 397 100.0%

Results1

In this section, we discuss the main results of our analyses. First, we discuss the
evolution of open innovation in terms of the extent to which firms rely on external3

and internal information sources for their innovation activities. Second, we report
our findings on the evolution of open innovation in terms of the extent to which firms5

rely on formal collaboration with external and internal partners for their innovation
activities.7

Evolution of reliance on external and internal information sources

Table 3 provides an overview of the evolution of the means on (1) reliance on9

external sources of information, (2) reliance on internal sources of information and
(3) the ratio of reliance of external versus internal information sources for innovation11

activities for the full dataset. These results suggest that the extent to which firms rely
on external information sources to support innovation activities steadily increased13

over time.
Table 4 reports on the same variables for the restricted dataset (i.e. only those15

firms that participated in each wave). For the restricted dataset, we were able to con-
duct T-tests, allowing for the identification of significant shifts between the different17

waves. When we take a look at the total amount of cases in this restricted dataset, we
observe a significantly positive shift in the reliance on external information sources19

between the first and the second wave as well as the second and the third wave.
The results of the GLM analysis, which are reported in Table 5, provide additional21

evidence for this increasing trend across the three waves.
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Table 5. Results GLM test (restricted dataset).

The GLM Procedure: Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects: H0, no effect

Source DF Type III Mean Square F Value Pr > F

Reliance on time 2 0.634 0.317 13.85 <0.0001
external sources time*sbi2 2 0.001 0.001 0.03 0.9741

Error(time) 790 18.086 0.023

Ratio of external time 2 0.744 0.372 3.28 0.038
versus internal time*sbi2 2 0.055 0.028 0.24 0.7845
sources Error(time) 754 85.466 0.113

When we take a look at the individual industries (see Table 5), some important1

additional observations can be made. We notice that in three industries (i.e. rubber
and fibres, electrical equipment, automotive), the reliance on external sources of3

information did not significantly change across the three observed waves. In three
other industries (i.e. wood and paper, other manufacturing activities, construction),5

a significant shift was observed between the first and the second wave, meaning that,
within these industries, firms relied significantly more on external sources of infor-7

mation in the period 1998–2000 than in the period 1994–1996. In the six remaining
industries (i.e. food, textile, chemicals, metal and metal products, machines and9

equipment, services), a significant shift was observed between the second and the
third wave, indicating that, within these industries, firms relied significantly more on11

external sources of information in the period 2002–2004 than in the period 1998–
2002. It needs to be stressed that (1) no single industry reported two significant13

shifts over time; and (2) no single industry reported negative shifts with respect to
reliance on external sources of information.15

Table 5 also indicates that, for most of the industries, significant changes in the
reliance on external sources of information did not significantly change the ratio17

of the reliance on external versus internal sources of information. The machines
and equipment industry and the services industry are exceptions in this respect. In19

these two industries, the significant shift concerning reliance on external sources
of information between the second and the third wave corresponded with a sig-21

nificant shift in the ratio of external versus internal sources of information. How-
ever, this shift in the ratio is significantly negative, meaning that the reliance on23

internal sources of information increased even more that the reliance on external
sources of information. In sum, our data provide evidence that increased reliance on25

external information sources did not decrease the reliance on internal information
sources.27
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Evolution of external and internal collaboration1

Table 6 provides an overview of the evolution of the means on (1) the degree of
internal collaboration; (2) the degree of horizontal collaboration; (3) the degree of3

vertical collaboration, and (4) the degree of knowledge collaboration.
Table 7 presents an overview of these collaboration variables for the restricted5

dataset. Again, we conducted T-tests to search for significant shifts between the
different waves. Comparing the first and the second wave, it can be concluded7

that the degree of internal collaboration, horizontal collaboration and vertical col-
laboration remained quite stable across these two periods. We only observed a9

positive significant shift for the knowledge collaboration variable, meaning that
firms relied significantly more on collaboration with consultants, universities or11

other knowledge institutes in the period 1998–2000 than in the period 1994–1996.
At the same time, this latter significant effect was only observed on the level of13

the total number of firms, and did not manifest itself on the level of individual
industries.15

Comparing the second and third wave, numerous significant shifts in the degree
of vertical collaboration and knowledge collaboration can be observed. For all indus-17

tries, firms relied significantly more on vertical collaboration and knowledge collab-
oration in the period 2002–2004 than in the period 1998–2000. The only exception19

is the automotive industry, where we did not observe a significant shift between the
second and third wave with respect to knowledge collaboration. At the same time,21

much less significant shifts between the second and third wave were observed for
the horizontal collaboration variable. Only in the paper and wood and the chemicals23

industry was a positive significant shift observed, indicating that, within these two
industries, firms relied increasingly more on collaboration with competitors in the25

period 2002–2004 than in the period 1998–2000. For the majority of the industries,
we also observed a significant shift between the second and third wave concern-27

ing the degree of internal collaboration. Except for the automotive and electronic
equipment industry, we observed that firms relied increasingly more on collabo-29

ration with other firms within their holding in the period 2002–2004 than in the
period 1998–2000. These latter findings indicate that increased reliance on external31

partners for innovation activities does not reduce the reliance on internal partners
for innovation activities.33

Discussion and Conclusion

In this section, we discuss the main findings of our study, present its main limitations35

and suggest interesting avenues for future research.
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Table 8. Results GLM test for restricted dataset (restricted dataset).

The GLM Procedure: Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects: H0, no effect

Source DF Type III SS Mean Square F Value Pr > F

Degree of internal time 2 67.033 33.517 18.1 <0.0001
collaboration time*sbi2 2 2.962 1.481 0.8 0.4498

Error(time) 790 1463.11 1.852

Degree of horizontal time 2 8.241 4.121 3.07 0.0469
collaboration time*sbi2 2 4.545 2.273 1.69 0.1845

Error(time) 790 1060.034 1.342

Degree of vertical time 2 104.4 52.2 26.9 <0.0001
collaboration time*sbi2 2 3.434 1.717 0.88 0.4132

Error(time) 790 1532.887 1.94

Degree of knowledge time 2 26.174 13.087 21.7 <0.0001
collaboration time*sbi2 2 1.182 0.591 0.98 0.3759

Error(time) 790 476.332 0.603

Discussion of main findings1

In his notable book, Chesbrough (2003a) argued that firms are switching from a
closed to an open innovation model in which firms increasingly rely on external3

sources of information and/or collaboration with external partners to support their
innovation activities. To our knowledge, this study is among the first to provide5

longitudinal data that provide quantitative evidence for this paradigm shift. Our data
convincingly show that there is a positive trend in the extent to which organizations7

(1) apply knowledge that originated outside their boundaries, and (2) engage in
formal collaboration with external partners for innovation purposes.9

At the same time, though, our data seem to suggest that this trend towards open
innovation is not a continuous trend but rather a change process that manifest itself11

by means of shocks. Moreover, we observed that the timing of these shocks might
differ between industries. In the construction industry, for instance, a positive shock13

concerning the reliance on external sources of information was observed between the
first and the second wave, while no significant differences were observed between15

the second and the third wave. In contrast, in the chemicals industry we did not
observe significant changes between the first and second wave regarding the reliance17

on external sources of information. For this latter industry, the positive shock only
manifested itself between the second and third wave.19

According to Chesbrough (2003a), external innovation strategies should not be
seen as a substitute for internal innovation strategies. In a similar vein, Cohen and21

Levinthal (1990) argued that firms can only take advantage of external knowledge
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if they possess sufficient internal absorptive capacity. In sum, these scholars stress1

that external and internal innovation strategies should not be seen as substitutes.
Our data support these arguments. We did not found instances where an increased3

reliance on external sources of information triggered a significant decrease in the
reliance on internal sources of information. In addition, we observed that significant5

increases in the degree of collaboration with external partners were accompanied
by significant increases in the degree of collaboration with internal partners.7

Limitation and future research

In this study, we could only conduct T-tests for the firms that were present in all dif-9

ferent waves. In this restricted dataset of 397 firms, large established firms are over-
represented though. This implies that our results might be biased for entrepreneurial11

small firms. Additional studies that focus on the evolution of open innovation in the
particular setting of small firms is therefore necessary (Chesbrough et al., 2006).13

Chesbrough (2003a) argues that open innovation is not only about inflows of
knowledge but also about outflows of knowledge. Although we managed to develop15

an adequate measure to represent knowledge inflows (i.e. reliance on external sources
of innovation), the CIS surveys do not provide information that allows developing a17

measure for the knowledge outflows. We therefore encourage scholars to explicitly
measure outflows of knowledge in future survey studies on open innovation.19

Because of the construction of the CIS surveys, we did not have information
about the evolution of external and internal innovation strategies between 1996 and21

1998 and between 2000 and 2002. These gaps in our longitudinal design limited our
ability to identify the exact timing of shocks in (1) the reliance of external sources23

of information and/or (2) the degree of collaboration with internal and external
partners. Future research should therefore aim to develop longitudinal designs in25

which such gaps remain absent.
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