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R&D activities affect the ability to create innovation for every firm. Many studies have shown that R&D activities are
influenced by a number of determinants and the environment (R&D milieu) in which individual economic entities exist. Due
to the nature of firms” production, it is important to note that not every firm needs the same amount of information and
knowledge. This study will also affect the efficiency of the use of information sources in R&D activities. In practice, it is
necessary to know the dependence of companies and their R&D activities on the available information sources so that public
policy makers can better target public policy and possible financial support schemes (grant schemes), because, the one size-
fits all principle cannot be assumed. Therefore, the aim of this paper is to analyze the role of information resources in the
knowledge intensive industries in the largest EU economy in terms of GDP, i.e. Germany. For the analysis, Eurostat CIS
data and own regression model were used. The results show that the knowledge environment has a major impact on the
development of R&D in the German knowledge intensive firms. German companies sourced information from the market
(especially clients and customers), and all firms acquired information and knowledge from collaborating with universities.

The biggest impetus for the realization of R&D activities is for firms to focus on markets outside the EU.
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Introduction

In a closed innovation model, innovation activities were
determined by private investment in R&D, the capabilities
and creativity of own employees, or the ownership of a major
production factor (e.g. specific technology) that is not
available to any competitor in the market (Almirall &
Casadesus-Masanell, 2010; Littunen & Rissanen, 2015).
Many studies have shown that a company enclosed in "its
own innovation environment" does not have the opportunity
to get stimulus from the surrounding businesses (often an
innovative environment), does not have the ability to benefit
from spill over effects and value added, for example through
cooperation (Herzog & Leker, 2010). There has been a
paradigm shift to the open innovation model. This model was
promoted mainly by Chesbrough (2003). By understanding
and using this concept the barriers were barred. These barriers
were mostly built by the firm’s management and own
enclosed strategy. The new innovation model helped in the
redefinition of the whole environment in which innovations
are emerging — the environment that integrates a wide range
of subjects from the private, public or knowledge sphere
(Gassmann, 2006). A company moving in this environment
must define new relationships and ties in its daily interactions
and create a latent or intentional network (Hippel and Krogh,
2003). Depending on the subjects involved and on network
basis, it is possible to speak of a knowledge-based network
(Monferrer, Blesa & Ripolles, 2015), cooperation-based
network (West & Bogers, 2014) or business network (La
Rocca & Snehota, 2014). Various studies have shown that the
active participation in such networks brings benefits to the
company (increasing its productivity, performance and

efficiency in the use of production factors; Fuller, Hutter,
Hautz & Matzler, 2014). Similarly, unplanned non-market
effects in the form of spill-over effects that bring changes
(innovations) in different internal processes of companies, as
well as stimuli and impulses for the public sector, and new
knowledge or cooperative platforms for knowledge-based
organizations, are also emerging (van der Duin, Heger &
Schlesinger, 2014).

The composition or determinants of such environment
are the subject of continuous scientific research. Many of
mentioned studies concluded that information sources are the
important part of the R&D environment. Information from
these sources is transformed into knowledge in the knowledge
environment and it is used as input factor in the knowledge-
based R&D production processes in firms. Intezari and
Pauleen (2012) agree that information sources, together with
experience and previous knowledge (embedded in the firm or
the knowledge environment), are sources of knowledge. The
above mentioned (and number of other) studies were mostly
aimed to analyze the influences of the mentioned
determinants on firms” outputs, such as innovations or
patents. However, there is a lack of studies which analyze the
specific impacts of the various determinants (mostly
information sources) of the innovation environment on the
knowledge and innovation activities of knowledge intensive
firms. To fill the gap, we aim to analyze the determinants of
these processes — influences of information sources and other
R&D determinants on firms” R&D activities. Specifically,
our objective is to investigate the role of internal and external
R&D processes, acquisition of knowledge and training for
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innovative activities as outputs of our analyses to explore the
conditions and effects occurring within the knowledge
intensive environment. For this analysis, we used Eurostat
CIS data from 2010-2012 and employed a logistic regression
model.

This paper is organized as follows. First, theoretical
background is provided on the role of information sources
and knowledge management in R&D performance of the
firms. Second, research methodology and underlying data are
described. The next section provides the results of logistic
regression models. The final section concludes this paper and
discusses the results and political implications.

Theoretical Background

It has already been mentioned earlier that an open
innovation model perceives sources of knowledge as a key
determinant of firm’s innovation capability (Grant, 1996;
West & Gallagher, 2006 or Caloghirou, Kastelli &
Tsakanikas, 2004). In the open innovation model, it is
primarily about the external sources of information provided
by entities firms cooperates or trades with (almost it is any
contact between the firm and the environment - the firm may
play the role of a supplier, a customer, a cooperating partner,
a dominant player on the market, a member of an association,
a member of an institutionalized business network or
industrial cluster, etc.) (Laursen and Salter, 2006). The firm
most often receives information from suppliers, customers,
competitors, public sector organizations or universities,
research centers and conferences, publication etc. (Von
Hippel, 1986; Laursen & Salter, 2006).

On the other hand, by adopting the paradigm of an open
innovation model, the original closed innovation system in
firms cannot be rejected (Chesbrough, 2004). This approach
would be considered as a mistake from many scholars’
points of view. It must be perceived that the internal and
external sources of knowledge are interconnected, the
appropriate setting of the internal research (or the creation
and use of knowledge) undermines the efficiency of the
external source (EImquist, Fredberg & Ollila, 2009). Many
studies confirm that internal and external knowledge is
complementary (Menon & Pfeffer, 2003; Cassiman,
Veugelers, 2006; Lokshin, Belderbos, & Carree, 2008). It
should be remembered that the individual firms” innovation
models are implemented in practice gradually and are
dependent on the firm's life cycle. Open innovation has
become an important competitive advantage in today's
globalized economies (Reed, Storrud-Barnes & Jessup,
2012). Indeed, international trading firms are constantly
looking for sources of competitive advantage, and an open
concept of innovation that brings them the opportunity to
accelerate their innovation processes significantly, cut costs
in research, development and innovation processes. This is
confirmed by many studies, but also by firms (overview you
can see in Gomez, Salazar & Vargas, 2016). But a new
problem is the so-called ,,information comprehension* and
transformation into knowledge or workforce competences,
respectively. The publication of new information and
knowledge and barriers elimination is accelerated by ICT.
A range of information is today available in maximum
quantity and quality online and mostly free of charge.
Therefore, the availability of codified knowledge is not a

problem. The current problem is the acquisition of tacit
knowledge and its transformation into a commercially
viable result (Fores & Camison, 2016).

It is clear that internal and external information
(knowledge) has a major impact on the ability to innovate
products and services (Gomez, Salazar and Vargas, 2016).
However, it is not only information (knowledge) that
becomes an integral part of the final product, but also
information or knowledge about customers (or from
customers), behavior of firms and other economic entities in
markets etc. increase their importance (Ozkaya, Droge,
Hult, Calantone & Ozkaya, 2015). Firms using the concept
of open innovation must use information from different
sources to increase their internal production efficiency. This
is particularly influenced by process, organizational or
marketing innovations. Each of them needs a different
source and kind of information (Poot, Faems &
Vanhaverbeke, 2014). It is possible to find only a small
number of quality studies that deal with the influence of
different sources of knowledge, the effectiveness of their
use for the needs of internal innovation processes.

Gomez, Salazar and Vargas (2016) studied the sources
of information as determinants of product and process
innovation. They analyzed Spanish manufacturing firms
and the extent to which they use internal and external
sources of information (customers, suppliers, competitors,
consultants and universities) to generate product and
process innovation. Their results show that, although
internal sources are influential, external sources of
information are key to achieve innovation performance. To
generate process innovation, firms mainly rely on suppliers
while, to generate product innovation, the main contribution
come from customers. The potential simultaneity between
product and process innovation is also taken into
consideration by Gomez, Salazar and Vargas (2016). They
found that the generation of both types of innovation is not
independent. Amara and Landry (2005) analyzed the
Canadian innovation using survey data from the
manufacturing sector. The study considered the impact of
four categories of sources of information that firms use to
develop or improve their products or manufacturing
processes: internal sources, market sources, research
sources, and generally available sources of information. The
study concluded that firms have to use a larger variety of
sources of information, and more especially, to use a much
larger variety of research sources to develop or improve
their products or processes. Zieba, Bolisani, Paiola and
Scarso (2017) analyzed knowledge that can lead to the
introduction of service innovations in Italian and Polish
KIBS firms. They concluded that KIBS firms follow various
approaches to acquire knowledge for innovation: some
companies adopt a passive behaviour and while others an
active one.

Hervas-Oliver, Sempere-Ripoll and Boronat-Moll
(2014) analyzed the process innovation strategy in Spanish
SMEs. Their results suggested that RandD efforts are not
positively related to the production process performance,
but that the latter is improved by the synchronous co-
adoption  of  organizational and  technological
innovation. Innovative SMEs rely on the acquisition of
external knowledge sources to complement the lack of in-
house knowledge or insufficient in-house R&D results.
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Absolutely specific group of firms that use knowledge
in their production process are the knowledge- or
technology-intensive industries. They are significant
because these firms are an essential pillar of the advanced
industrial regions (Heidenreich, 2009). Low- and medium-
technology industries still make up the largest part of the
manufacturing industries in OECD countries and that their
preponderance is falling at a very slow rate (Santamaria,
Nieto & Barge-Gil, 2009). A substantial body of research in
management and related public policy fields concludes that
recent decades saw greater dynamic competition throughout
the knowledge or technology-intensive industries, with
widespread steady increase in knowledge intensive industry
and business performance instability as key implications.
Positive network effects, feedback mechanisms, and
increasing returns to scale from market leadership are
especially important in the knowledge intensive industries
(Vaaler & McNamara, 2010).

Currently, Germany represents the largest economy in
the European Union in terms of GDP and one of the most
competitive economies in the world (WEF, 2017). Germany
was ranked fifth in The Global Competitiveness Index
2017-2018 Rankings carried out by World Economic
Forum. According to Germany: STI Outlook 2014 Country
Profile (2014), it is leading player in global innovation and
science. This is due to the fact that stimulus for investment
and a good climate for innovation and private-sector
investment are of crucial significance for German
government. Therefore, Germany belongs to the group of
Innovation Leaders within European Union measured by
European Commissions’ European Innovation Scoreboard
(EIS). Niebuhr and Peters (2012) analysed relation between
labour diversity and firm’s innovation in Germany; Robin
and Schubert (2013) analysed the impact of cooperation

Group of Enterprises

Markets

with public research on firms’ product and process
innovations in France and Germany; Czarnitzki and Lopes-
Bento (2014) analysed the effect of European and national
funding on innovation input and output at the firm level in
Germany. However, there is a lack of studies analysing the
role of Information Sources in firm R&D activities,
especially within Knowledge Intensive Industries in
Germany.

Therefore, following the previous parts, the aim of this
paper is to analyze influences of different information
sources and R&D determinants (for details please see the
proposal of the research model in figure 1) on firms” R&D
activities in the German knowledge and technology
intensive industries and provide benchmark for those
industries and for other EU countries.

Data and Methodology

Based on the above studies, we assume that there is a
previously established and evidenced dependency between
our selected variables (information sources and other R&D
determinants) and corporate R&D activities in firms. These
activities (altogether constitute the knowledge and
innovative environment) should lead to the creation of
synergies and production of corporate innovations (see
Figure 1). We consider it important to investigate which of
these variables influence the R&D outcomes and to what
extent. We would like to determine whether all variables are
equally significant and have the same impact on R&D
activities of the firms; which of them should be targeted by
the firms to increase their absorption capability and
innovation production. The selected variables are the
integral parts of an innovative environment in all regions
and countries.

Information Sources

Firm Size

Education

Firms” R&D Activities Firms’” Innovation

Figure 1. Proposal of research model

As output variables (R&D activities) we selected:

¢ In-house R&D that enhances the probability to bring
new products (innovations) ahead of competitors and
allow firms to expand firm's absorptive capacity, by
allowing to better monitor, interpret and absorb
scientific knowledge that is conducted externally to
firms (Fabrizio, 2009; Higon, 2016);

e External R&D which support firms’ productivity
(Lokshin et al., 2008) and lead to faster and cheaper
innovation processes resulting in the creation of

knowledge spillover effects (Vega-Jurado et al., 2009;
Prokop & Stejskal, 2017);

e Acquisition of knowledge that ensure knowledge
flows to the firms, saves R&D costs, secures access to
technical services and requires less absorptive capacity
than does R&D cooperation (Adams & Marcu, 2004;
Arvanitis et al., 2015);

e Training for innovative activities, which deepens on
firms” absorptive capacity, innovation capability and
extends the knowledge base of employees
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(Caloghirou, Kastelli & Tsakanikas, 2004; Mateut,

2018).

Input variables have been grouped according to their
character into five groups:

e Whether the enterprise belongs to the group of
enterprises (e.g. holding member), because firms” from
enterprises groups are able to draw on resources from
within their wider groups and might, therefore, not need
to seek as many resources externally. It helps them to
reduce costs. Group firms may also be better informed
of the capabilities of potential partners due to
knowledge pooling and the activities of other members
of their group and can benefit from knowledge
spillovers (Tether, 2002);

e The markets in which the enterprises are oriented
towards can lead to better innovation capability in the
organizations which in turn can lead to better
organizational performance (Migdadi et al., 2017).
Businesses with a strong market orientation are best
situated for new product success, no matter what the
business environment is (Lukas & Ferrell, 2000);

e What types of information sources it uses in R&D
activities. Littunen and Rissanen (2015) state that
various kinds of information sources (also together with
networking) influence organizations’ performance and,
therefore, novel innovations (both product and service)
are closely associated with different information
sources;

e Firm size (expressed by turnover) that is significantly
associated with firms” innovation and export
performance (Hwang et al., 2015) and has a direct
positive effect on incremental innovation performance
and on internal knowledge creation capability (Fores &
Camison, 2016);

e What level of education employees have. Employees’
education boosts employees’ creativity (generation of

novel and useful ideas) which is the micro-foundation

of firm innovation (Liu et al., 2017).

Specifically, the following input variables were
selected:

e  Group of Enterprises: Enterprise as part of an enterprise
group (GP);

e Markets: National (MARNAT), Other European Union
or associated countries (MAREUR) and all other
countries (MAROTH);

e Information sources: Within enterprise or enterprise
group (SENTG), Universities or other higher education
institutions (SUNI), Suppliers of equipment, materials,
components, or software (SSUP), Government, public
or private research institutes (SGMT), Clients or
customers from the private sector (SCLPR),
Conferences, trade fairs, exhibitions (SCON), Clients
or customers from the public sector (SCLPU),
Scientific journals and trade/technical publications
(SJOU), Competitors or other enterprises in industry
(SCOM), Professional and industry associations
(SPRO) and Consultants and commercial labs (SINS);

e Firms Size: Enterprise’s total turnover for 2012
(TURN);

e Education: % of employees with tertiary education
(EMPUD).

As a data source, we collected and pre-processed data
from the Community Innovation Survey (CIS) 2010-2012.
CIS isharmonized questionnaire created for all EU Member
States by Eurostat and combines stratified random sampling
with exhaustive surveys. We analyzed 1 949 enterprises,
only enterprises with more than 10 employees (response rate
greater than 60 %). Selected knowledge and technology
intensive (high or medium tech) industries that were
included in our analyses are listed in Table 1. Only four
largest knowledge and technology intensive industries in
Germany were included.

Table 1
Selected Industries for the Analysis
Industry Number of enterprises NACE categories

Electrical 474 26-27
Chemical and Pharmaceutical 473 19-22
Metal 465 24-25
Machines and Equipment 537 28,33
Total 1949

Source: own processing

According to CIS dataset, all input and output variables
were binary. Therefore, in agreement with previous related
studies (e.g. see Archer & Lemeshow, 2006; Coad & Rao,
2008; Schneider & Spieth, 2013), our empirical analyses
were performed by using the binary logistic regression
models. Logistic regression is a popular statistical technique
in which the probability of a dichotomous outcome (e.g.
R&D activity) is related to a set of explanatory variables
(e.g. different information sources). The logistic regression
model is specified as follows (Neupane et al., 2002):

In [Pi/ (1—=Pi)] = fo+ fr<Xii + foxXai + ... + foxXii, (1)

where subscript i denotes the i-th observation in the
sample, P is the probability of the outcome, fo is the
intercept term, and fi, S, ... pn are the coefficients

associated with each explanatory variable Xi, X, ..., Xk. A
positive coefficient means that the log of odds increases as
the corresponding independent variable increases.
However, it is possible to interpret the coefficients in terms
of odds [P/ (1 — P)] or probability (P) of the outcome by
observing the relationship between P, [P / (1 —P)] and In[P
/ (L — P)]. It can be shown that [P/ (1 — P)] is a
monotonically increasing function of P and In[P / (1 - P)] is
a monotonically increasing function of [P / (1 — P)].
Consequently, if the log of odds In[P / (1 — P)] is positively
(negatively) related to an independent variable, both odds [P
/ (1 — P)] and probability (P) of the outcome are also
positively (negatively) related to that variable. The only
difference is that thisrelationship is linear for the log of odds
and nonlinear for odds and probability of the outcome. The
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coefficients in the logistic regression are estimated using the
maximum likelihood estimation method (for further
explanation see Neupane et al., 2002 or Retherford & Choe,
2011). We tested the collinearity among the independent
variables by Variance Inflation Factor (VIF) for each
regression model. Multicollinearity was rejected in the
models (VIF<5).

Empirical Results

In the following part, we show the results of four
logistic regression models analyzing the influences of
different information sources and R&D determinants on
firms” R&D activities in the German knowledge and
technology intensive industries. Each model was created to
analyze different output variable (In-house R&D; External
R&D; Acquisition of knowledge; Training for innovative
activities).

Table 2 shows the information sources and other R&D
determinants that significantly influenced firms” research
activities in the German technology intensive industries.
The results pointed out that firms” internal and external
R&D, acquisition of knowledge and training for innovative
activities are strongly dependent on the markets where firms
are located and the firms” size (TURN, significant in all
cases). Non-European markets (MAROTH) influenced
selected research activities more than national and European
markets. For example, these are American, Asian or Indian
markets with a strong global influence. Moreover, selecting
wrong markets (e.g. MARNAT in Table 2) could lead to
negative results. Therefore, it is necessary to analyze

influences of different information sources and R&D
determinants deeply (see below).

Internal information sources (specifically within
enterprises or enterprise groups) represented one of the most
significant factors influencing firms” R&D activities. These
results are in agreement with other previous studies that
pointed out the importance of internal information sources
and information (knowledge) flows from both the enterprise
itself and its enterprise group (Criscuolo et al., 2010).
Gomez et al. (2016) stated the importance of the different
sources of information used by firms while the internal
sources of information were the most important (78 % of
cases). Internal information sources and knowledge sharing
can synthesize individually held know-how and help
construct a deeper and more refined understanding of its
existing knowledge. Therefore, a firm with a broad
knowledge base is more likely to achieve innovation
(radical) in the presence of internal knowledge sharing
rather than market knowledge acquisition (Zander &
Solvell, 2000; Tsai, 2001; Zhou & Li, 2012).

On the other hand, Dahlander et al. (2016) also added
that too much attention paid to internal information sources
may limit the number and range of novel knowledge and
ideas introduced, as well as novel R&D. Therefore, firms
focusing on the internal needs and sources need to figure out
how to allocate their attention to the variety of external
information sources. ldeas sourced externally will have
relevance for the firm. The creation of competitive
advantages rests in relational tools that is the way of doing
business, both in the internal and external environments of
firms (Amara & Landry, 2005).

Table 2

Influence of Information Sources and R&D Determinants on Firms”

Variables In-house R&D External R&D Acquisition of knowledge Tralnlngc{?vri;ir;rs\ovatlve
p-value S(expp) p-value Sexpp) p-value pexpp) p-value Sexpp)

GP 374 .161(1.174) | .000*** 575(1.776) | .013** .399(1.490) | .908 .017(1.017)
MARNAT .568 -.176(.839) .012** -.711(.491) .815 .072(1.074) | .606 .127(1.135)
MAREUR 119 .351(1.420) |.075* 406(1.501) |.063* -457(.633) .389 -.169(.845)
MAROTH .001*** .687(1.987) | .004*** .555(1.742) | .006*** .616(1.851) | .060* .329(1.389)
SENTG .000*** .741(2.097) | .026** 179(1.196) | .033** .190(1.209) | .000*** .501(1.650)
SSUP 525 -.063(.939) .755 .028(1.028) |.377 .082(1.086) | .000*** .340(1.405)
SCLPR .004*** .221(1.248) | .002*** .215(1.240) | .040** .157(1.170) | .006*** .173(1.189)
SCLPU 077* .182(1.200) | .480 .056(1.058) |.150 117(1.124) | .994 -.001(.999)
SCOM 408 -.087(.916) 455 -.065(.937) .598 -.048(.953) .012** -.210(.811)
SINS .182 -.149(.862) .019** .216(1.241) |.270 .106(1.112) | .870 .015(1.015)
SUNI .000*** 774(2.167) | .000*** .715(2.043) | .000*** .313(1.367) | .027** .162(1.176)
SGMT 733 -.071(.931) .089* .262(1.299) |.352 .149(1.160) | .915 -.017(.983)
SCON 272 126(1.134) | .167 .135(1.145) |.078* .181(1.199) | .009*** .238(1.269)
SJoU .000*** .586(1.796) | .666 -.046(.955) 779 .031(1.032) | .145 .144(1.155)
SPRO .002%** -.400(.670) .042** -.213(.808) .966 .005(1.005) | .009*** .267(1.306)
TURN .049** .000(1.000) |.018** .000(1.000) | .000*** .000(1.000) | .054* .000(1.000)
EMPUD .000*** .398(1.488) | .000*** .287(1.333) | .277 .066(1.069) | .055* .100(1.105)
Nagelkerke R? .646 436 .286 417

Cox & Snell R? AT7 311 .182 .312

-2 Log likelihood 1003.077 1258.565 1171.203 1426.337

Accuracy (%) 85.3 77.8 81.2 73.6

Legend: * statistically significant at p=.10, ** at p=.05 and *** at p=.01.
Source: own processing

Therefore, our results show that German firms sourced
information from other sources (for example conferences,
journals, cooperation with unanalyzed entities etc.). Market
information sources, especially clients and customers,
represented other significant sources influencing all R&D

activities (see Table 2). Verhees and Meulenberg (2004)
show that orientation on market sources (specifically
customers) has a positive influence on firms® R&D
performance and product innovations. These findings are
based on the main idea of open innovation theory which
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proved that valuable ideas can emanate from inside or
outside the company and can reach the market from inside
or outside the company as well (Chesbrough et al., 2006).
Therefore, using information sources from clients or
customers from the private sector significantly influenced
firms” research activities. Von Stamm (2004) also pointed
the key role of clients and customers’ needs and obtaining
information from these entities (see also the principles of
Lead-User theory; e.g. Franke et al., 2006). Generally, firms
operating in technology intensive industries face
competitive pressures to build a larger and broader portfolio
(e.g. of related products) in order to gain and maintain their
competitive advantage, which drive them to rely on outside
actors in order to organize some R&D services and activities
(Martinez-Noya et al., 2012).

Universities as information source influenced all firms’
research activities. Laursen and Salter (2004) proved the link
between universities, and industrial R&D and innovation.
They suggested that firms that adopt open search strategies
(based on open innovation principles) and invest in R&D are
more likely than other firms to draw from universities.
Therefore, firms” size expressed by turnover (TURN),
information sources from universities (SUNI) and
employees” education (EMPUD) play a key role in the
process of firms” R&D in the German technology intensive
industries.

Conferences, trade fairs and exhibitions represent other
information sources and events where firms profiting from
voluntary information and knowledge spillovers and where
firms can create new networks and share information
(Chesbrough & Brunswicker, 2014). Specifically in the
process of acquisition of knowledge and training for
innovative activities. On the other hand, professional and
industry associations as information sources influenced
firms’ research activities negatively in two cases (external
and in-house R&D). Therefore, it is necessary to carefully
source information from different entities. Proper finding of
information sources could subsequently positively influence
firms” research activities, also professional and industry
associations (see Table 2).

Participation in the groups of companies (GP)
influenced only firms” acquisition of knowledge and
external R&D activities. This participation represents
incubator for creating new knowledge within firms and
allows information flows and creation of synergies.
However, firms” internal R&D activities were not
influenced. German firms are usually open and pro-export
oriented. They tend to share their internal know-how and
organizational procedures with other entities in supplier-
customer relations. These firms are frequently embedded in
economic environment and use the savings and knowledge
spillover effects from the cooperation-based networking.
Thus, firms are blocking the lock-in effects and losing
competitive advantage. They know that radical innovations
or technological discontinuities may require new
information, institutions and resources (Narula, 2002). And
these can get just by openness and willingness to cooperate.
There is a specific form of “closed-open” cooperative
networking system - global production chains (or systems).
In these relatively closed networks, firms and other entities
inside can collaborate freely (Henderson et al., 2002).

Conclusions

Previous studies have shown that the knowledge base is
an important part of the R&D environment in every
economy. Both information and knowledge (tacit and
codified), but also previous experiences are integral part of
this basis. However, the potential of individual workers in
companies or knowledge sector organizations (universities
and R&D organizations), which work with information and
knowledge, apply them, and deal with their everyday
problems, are a necessary part of this R&D environment.
Our study confirms that information resources are important
incentives for the development of science and research at
different knowledge intensive German firms.

This paper brings a number of benefits through the
results. We found out which parts of the knowledge
environment have a major impact on the development of
R&D among German knowledge and technology intensive
firms. When we analyzed the impact of information sources
and R&D determinants on firms' in-house R&D, we found
that German companies had sourced various information
sources. Market information sources, especially from clients
and customers, represent also significant sources
influencing all R&D activities. Information sources also
have an impact on external R&D. Universities as an
information source have influenced the research activities of
all analyzed German knowledge intensive firms. This
unambiguously proves that companies could build
partnerships with universities and obtain valuable
information from created reciprocal relationships. The
problem of such a partnership may be the obvious
dichotomy in the goals, as well as the high degree of
bureaucracy and time delay. On the other hand, companies'
pressure can help the whole situation, and universities can
be reformed faster under this pressure and begin to fulfill
new functions and tasks in the current knowledge world.

It has been found that group of companies (holding or
business network) also have the opportunity to acquire
information and share knowledge within this group. The
results show that belonging to the groups of companies
influenced only firms' acquisition of knowledge and training
for innovative activities. The benefit of such cooperation is
the low level of funding, the possibility of technology
sharing and clear coordination and support. However, a
certain closure (or total lock-in situation) of this business
community may be a negative one. The difficult penetration
of new impulses and information into this network is also a
weakness.

In conclusion, it can be argued that the results of the
German knowledge intensive firms provide clear evidence
of what information sources are important for the realization
of firms” R&D activities. Companies, as well as public
policy makers and supportive public financial donors, can
benefit from our results. We should also mention the
limitations of our research. We sense that we are working
with CIS data that are the result of self-evaluation of
individual businesses, the ability to report may be lower in
some cases. The perception of individual variables may be
different in different countries, so international comparisons
have only limited potential. On the other hand, these are
official data from the Eurostat and the survey was
harmonized and representative for all the studied countries.
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Our results can also be suitable for benchmarking activities.  the conditions of compatibility or similarity of such an
That is how our results can be applied in other countries.  economy to ensure the maximum efficiency of the use of
Further research should be focused on the possibility of  information sources in R&D activities of the knowledge
applying the findings in other economies, respectively on intensive firms.
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