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Abstract This paper studies the innovative performance of 130 Swedish cor-
porations during 1993–1994. The number of patents per corporation is explained
as a function of the accessibility to internal and external knowledge sources of each
corporation. A coherent way of handling accessibility measures, within and be-
tween corporations located across regions, is introduced. We examine the relative
importance of intra- and interregional knowledge sources from 1) the own cor-
poration, 2) other corporations, and 3) universities. The results show that there is a
positive relationship between the innovativeness of a corporation and its access-
ibility to university researchers within regions where own research groups are
located. Good accessibility among the corporation’s research units does not have
any significant effects on the likelihood of generation of patents. Instead the size of
the R&D staff of the corporation seems to be the most important internal factor.
There is no indication that intraregional accessibility to other corporations’ re-
search is important for a corporation’s innovativeness. However, there is some
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indication of reduced likelihood for own corporate patenting when other corporate
R&D is located in nearby regions. This may reflect a negative effect from com-
petition for R&D labor.

Keywords Accessibility . Private and university R&D . Patents . Spillovers .

Sweden

JEL Classification O33 . H41 . R11

1 Introduction

One of the most important and challenging questions in economics concerns the
determinants of innovation among firms. A study of the literature reveals that
knowledge is maintained to be the most important as well as the most generic input
into innovation processes [see, inter alia, Lundvall, 1992]. Consequently, much
research has focused on how firms gain and generate new knowledge and how such
processes relate to innovation performance. The lack of confidence in the linear
model of innovation (Kline and Rosenberg, 1986; Fischer et al., 1999; Fischer,
1999) has indeed made this a complex task. It is increasingly being recognized that
firms should not be studied in isolation. Interdependent relations with the sur-
rounding environment are also important factors to be incorporated in the analysis
(see e.g. Cohen and Levinthal, 1990). Accordingly, a firm’s knowledge is not only
dependent on its internal learning activities, but also on the learning activities of
various actors around the firm.

A mixture of externalities based upon localization economies can be used to
explain how and why the performance of an individual firm is affected by factors
external to the firm. From the seminal works of Marshall (1920), Arrow (1962) and
Romer (1986), the idea of so-called MAR-externalities has been advanced. In
principle, it tells us that the size and the intensity of (positive) industry-specific
externalities increase with the size of the industry.MAR-externalities are sometimes
referred to as static externalities (see e.g. Echeverri-Carroll and Brennan, 1999),
since it is the current scale/size of the industry that generates the externalities.
Despite the recognition of the MAR-externalities, some authors claim that dynamic
externalities play a greater role than static ones. For example, Krugman and
Obstfeld (2000) maintain that externalities stemming from the accumulation of
knowledge are probably more important for innovation performance. Notwith-
standing the distinction between different types of externalities, it is clear that the
economic milieu in which a firm operates has an effect on its performance. The
impact of external knowledge on the innovation performance of the firm is most
often explained by knowledge spillovers, a particular type of MAR-externalities.

What are then knowledge spillovers? In the literature, Griliches (1992) makes a
distinction between 1) pure knowledge spillovers (or idea spillovers) and 2) rent
spillovers.1 Pure knowledge spillovers are pure externalities, in the sense that they
are uncharged, unintended and not mediated by any market mechanism. Rent
spillovers are those externalities that are at least partially paid for. For instance,

1 The latter term seems equivalent to what some call pecuniary externalities (Scitovsky, 1954).
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they may be embedded in goods or they may be the result of explicit transactions of
patent rights, etc.

A precise distinction between the two categories is difficult to draw in practice,
especially as spillovers become more complex and there is a ‘club element’ to
knowledge. For instance, suppose that being a member of a network of skilled
knowledge workers involves the sharing of useful information with other members
of the network. If a member expects some information in return in the future, is this
a pure knowledge spillover or a rent spillover? Clearly there is some important
middle ground for which the literature has yet to come up with precise definitions.
Johansson (2004) fills this gap by parsing the menagerie of agglomeration and
network externalities.

Much attention in the literature has been given to spatial aspects of knowledge
flows (among others Jaffe, 1989; Acs et al., 1992, 1994; Audretsch and Feldman,
1996; Anselin et al., 1997, 2000; Autant-Bernard, 2001). Such flows are seen as
being most effectively mediated through face-to-face (FTF) contacts. Thus,
proximity between knowledge exchangers is deemed critical. Recalling the well-
established axiom in regional economics that “interaction decreases with distance,”
(Beckmann, 2000, p. 129), it is clear that proximity has a role to play. Some
confusion can easily emerge around such a reasoning. On the one hand, flows of
knowledge need not be bounded by space. Geroski (1995), for instance, refers to
knowledge as the classic example of a public good, i.e. it is non-rival and non-
excludable. On the other hand, all kinds of knowledge are not distance-insensitive.
Different forms of knowledge certainly require different amounts of efforts to be
transmitted. The concept of tacit knowledge is repeatedly employed by many
authors to explain why FTF-contacts are necessary for efficient transmission of
knowledge (e.g. Audretsch and Feldman, 1996). In fact, it seems to be a consensus
among researchers that much relevant knowledge is tacit in nature (see e.g. Maillat
and Kebir, 2001; Lorenzen, 1996). In contrast to knowledge that can relatively
easily be transformed into information and, hence, is possible to transmit via
existing communication channels, tacit knowledge has been defined as semi-and
unconscious knowledge that does not exist in printed explicit forms (Leonard and
Sensiper, 1998). For example, learning to ride a bicycle is something most easily
done by practice, and is difficult (if possible) to communicate in written form.

The unit of observation in this paper is a corporate group, which is defined as
being either an individual corporation or two or more corporations with ownership
relations. A company is a parent company of another (subsidiary) company if it
owns more than 50% of the latter’s total stock.2 It has long been recognized that
R&D may be placed in special departments, or companies. For example,
Whitehead (1926, p. 98) wrote that “The greatest invention of the nineteenth
century was the invention of the method of invention.” Mowery and Rosenberg
(1998) describe the importance of the development of formalized R&D institutions
in the U.S. in the 20th century. Thus, R&D decisions may be taken centrally at
group headquarters, rather than in the individual companies belonging to the group.
This gives credit to the use of the whole group as the observational unit when
studying R&D. Also, knowledge flows between research departments within the

2Details about the requirements for being defined as a corporation can be found in the Swedish
joint-stock company law (Svensk Författningssamling, 1975).
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same groups can be expected to be higher than knowledge flows emanating from
other groups’ R&D departments.

The purpose of the present paper is to study how accessibility to knowledge
sources affects the production of new knowledge in Swedish groups. In this
process we check for effects arising from being close to other knowledge handlers,
including those within the group. We use groups as our unit of analysis, because
many of the research-intensive firms are part of large groups (multinationals) in
Sweden (see Braunerhjelm, 1998) that are connected via “parent and daughter”
relationships. For instance, Fors and Svensson (1994) report that 83% of total
Swedish industrial R&D is conducted in multinational enterprises. In addition, the
effects of (mainly product) R&D in Swedish multinational enterprises seem to have
a causal bidirectional relationship to foreign sales, indicating that the benefits of
Swedish R&D mainly occurs abroad (Fors and Svensson, 2002). No previous
analyses have, to the authors’ knowledge, been made in this setting using groups as
the unit of analysis.

The analysis is conducted by investigating the relationship between a group’s
innovativeness and its accessibility to R&D resources. Innovativeness is measured
as the number of patents granted to a group. The patent data used in the analysis
come from the European Patent Office (EPO, 2002). It should be mentioned that
patents are not the only way to signify innovations. In addition, R&D, innovation
expenditures, sales of imitative and innovative products and new product an-
nouncements have been used. R&D is in our approach seen as an innovation input
rather than an output.3 Although patent data are not without their problems (most
importantly, we do not know the commercial value of a patent), they are common
and useful indicators of innovation and can be assigned to specific firms. We note
that no indicator can match patents in terms of the availability of data on fine
geographical levels, and over longer time periods. A potential problem of using
EPO patent data is that European Patents are more costly to apply for than national
patents. These costs are higher because the search for earlier priority (technical
knowledge) becomes more pronounced and because more monetary value can be
extracted from the monopoly right awarded the patentee. Thus, smaller firms with
less far-reaching ambitions with regard to their patenting are likely to be excluded
from the data. We believe that this is a minor problem with respect to the sources of
data, since the R&D data mainly spring from large firms anyway. However, it
implies that the material is somewhat more likely to reflect larger firms, in
comparison with the use of national patent data. An advantage, in comparison with
using national patent data is, however, that EPO data should more likely reflect a
higher value to the group, since its investment is larger.

The R&D resources upon which a group’s innovativeness is expected to
depend, can be divided into internal and external sources: (1) the total input of
R&D personnel (man-years) in the group; this represents deliberate efforts to
influence innovative output and should be the most fundamental factor, (2) the
average accessibility among the group’s R&D staff; the accessibility within the

3 Sales of imitative and innovative products refer to indicators from the community innovation
survey (CIS). Sweden has been part of the second (1996–1998) and third (1998–2000) CIS.
Because of sample problems, including low respondency problems in the Swedish CIS data, we
chose patents granted as our preferred measure. See Kleinknecht et al. (2002) for a recent
discussion of different innovation indicators. In addition, Griliches (1990) and Desrochers (1998)
provide discussions of patents as innovation indicators.

744 M. Andersson and O. Ejermo



group’s units (companies) could have an effect on the outcome, (3) the average
accessibility to other groups’ R&D staff; this represents the possibility to access
other groups’ R&D efforts, and (4) the average accessibility to university R&D4;
this factor represents the accessibility to public R&D.5 Inspired by the work by
Johansson and Klaesson (2001), a distinction is made between intra- and extra-
regional accessibility. This gives us the opportunity to evaluate the relative benefits
of accessibility to different R&D resources. The logic for including a company’s
accessibility to its own R&D comes from the fact that the total R&D staff of a
group are often scattered over separate locations.

The paper proceeds as follows. In Section 2, a review of a selection of the
studies on “knowledge spillovers” is presented. In Section 3, the dataset and the
construction of variables are explained (part of the algebra has been put in an
appendix). Thereafter, in Section 4, the model used for empirical estimation is
presented, followed by empirical results and comments. Section 5 concludes the
paper and outlines some directions for future research.

2 Space in knowledge flow models

2.1 The geography of “knowledge spillovers” in recent studies

Using the analytical distinction of Feldman and Audretsch (1999), it is possible to
categorize studies of knowledge effects in regions into four tracks: (1) geographic
knowledge production functions, (2) paper trails left in patent citations, (3) ideas in
people or (4) ideas in goods. The following section discusses these approaches in
turn.

Geographic knowledge production functions (KPF) are used extensively in the
literature. The aim of a KPF is to study the effects of knowledge inputs on a variable
of interest, such as a proxy for knowledge output, e.g. patents, or productivity. The
origin of this literature and the setup of the main estimated equation, comes from
Griliches (1979), who provides a thorough discussion of pros and cons of relating
productivity to research input and R&D spillovers. A modified version was pre-
sented by Jaffe (1989):

log Piktð Þ ¼ �1k log Iiktð Þ þ �2k log Uiktð Þ þ �3k log Uiktð Þ log Ciktð Þ½ � þ "ikt;

with Pikt in this case being corporate lab patenting in state i, technology area k in
period t, Iikt is industry R&D and Uikt university research. Cikt is geographical
coincidence of university research with industry research and log (Uikt) log (Cikt) is
an interaction variable. The data material came from 29 US states for 1972–1977,
1979 and 1984. Jaffe (1989) found a strong relationship between corporate lab
patenting and university research in the areas drugs, chemicals and electronics.
Furthermore, it seemed that industrial R&D was stimulated by the presence of
university research. Similar studies applying the KPF approach include Acs et al.
(1992, 1994), Anselin et al. (1997, 2000), and Autant-Bernard (2001). Acs et al.

4 Swedish higher education institutions are divided into universities and university colleges.
5 The reader may ask why research institutes are not included as possible sources of information.
The reason is that research institutes play a relatively small role in Sweden, especially compared
with other countries.
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(1992) examine how different industries respond to the R&D–innovation relation-
ship using the U.S. small business administration innovation database for 1982,
compared with Jaffe’s (1989) patent exercise. Using the same database, Acs et al.
(1994) find that small businesses innovate more relative to their (negligible) R&D
efforts, seemingly through their greater ability to assimilate knowledge from
research institutions and larger corporations than larger firms. Anselin et al. (1997)
study the degree of spatial spillovers between university research and high
technology innovations, by applying the KPF approach at the level of both the state
and the metropolitan statistical areas (MSA) in the U.S. They find evidence of local
externalities between university research and high-technology innovations. The
same authors, Anselin et al. (2000), extend their previous work Anselin et al. (1997)
by means of a sectoral disaggregation. Their main conclusion is that local university
spillovers seem to be specific to certain industries.

In a critical paper, Breschi and Lissoni (2001) argue that many empirical studies
employing the popular “knowledge production function” to test for the existence of
knowledge spillovers are not capable of explaining the underlying mechanisms that
generate them. Theymaintain that the standard line of argument6 used to explain the
results of such studies would imply that knowledge that diffuses is a pure
externality. The authors go on to conclude that a more careful scrutiny might reveal
that it is actually pecuniary (rent) externalities, i.e. involuntary knowledge flows
mediated by market mechanisms, or even managed knowledge flows with in-
tentional appropriation purposes that matter.7

Paper trail studies start off by noting that knowledge sometimes does leave a
paper trail. Patent documents show an offprint of new technical knowledge (Jaffe
et al., 1993). In addition, technical knowledge of existing patents onwhich the patent
is based has to be recordedwhen a patent application is filed. Such a record is referred
to as a patent citation. Patent citations, it is reasoned, show information on the
direction of knowledge flows. Most authors conclude that citations are constrained
geographically. Furthermore, citations spread over larger distances over time. The
conclusion is usually that new knowledge diffuses locally at first, but knowledge
becomes more publicly available, and hence less bounded by space, over time. A
potential pitfall, however, of patent citations is that self-citations, i.e. citation of own
work, should be disregarded if we want to study the direction of “spillovers”. These
self-citations do not reflect spillovers but rather knowledge flows from own work,
that is own previous experience. The problem is therefore one of interpretation; what
is actually under study. Jaffe et al. (1993) examined localization of citation patterns
by constructing a control samplewith similar properties as the original patents. It was
found that patents were more likely to be domestic to the US if the cited patents were
from within the country. Furthermore, citations were more likely to come from the
same state or Standard Metropolitan Statistical Area as the original patent. Some
evidence was also found that citations tended to become more dispersed over time,

6 Namely that knowledge that spills over is a pure public good (non-excludable and non-rival) but
that it is essentially local since transmission demands spatial proximity.
7 In the first case the seller may be unaware of embedded opportunities which the buyer may
realize; knowing this, the seller may want a higher return on his sale. In the second case embedded
opportunities may yield long-lasting supplier–customer relations to realize the good’s full
potential.
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whichwas also found to be true for specific technology areas. Thework by Jaffe et al.
(1993) spurred similar research efforts. In a study across European regions,Maurseth
and Verspagen (2000) also found compelling evidence of a localization pattern of
patent citations. However, national barriers were important; a patent was cited more
often if the cited patent was registered in the same country as the citing patent.
Fischer and Varga (2003) examined spillovers of knowledge from universities on
patent application activity in 1993. Their sample consisted of firms belonging to one
of six technology classes in 99 political units in Austria. Employing a spatial
econometric approach, the authors found evidence of spillovers across regions,
which is linked to a spatial decay effect.

The Jaffe et al. (1993) method has recently been challenged in two working
papers. Thompson and Fox-Kean (2003) redid the control sample exercise of Jaffe
et al. (1993), on a higher level of disaggregation, but were unable to replicate their
results. Breschi and Lissoni (2005) constructed a database of all patenting inventors
1987–1989 in the Italian innovation system, to see how social networks and
measurement of their strength influence the result of Jaffe et al. (1993). Their results
suggest that the strength of these networks alone is able to explain all the localization
effects of citations, thus casting doubt on the pure knowledge spillover hypothesis.

The third tradition of studying knowledge flows is more recent and builds on
the idea that knowledge is mainly embedded in people. Therefore, mobility of
labor, and in particular scientists, is studied. In this manner, Zucker et al. (1998b
study the California biotechnology sector. They find that market mechanisms,
facilitated by contracting of star scientists, induce transfer of knowledge if those
star scientists retain their connections to universities while being affiliated to
biotechnology firms. In an accompanying paper, Zucker et al. (1998a find that the
localization of biotechnology star scientists over the US is an important factor in
determining both the location and timing of entry of new biotechnology firms.
Similarly, Almeida and Kogut (1999) study how the mobility of engineers in the
semiconductor industry affects the pattern of citation of patents. Indeed, they find
that there are strong effects of relocation of people on these, suggesting that
movement of core individuals shape the evolution of industry.

If knowledge is embedded in labor, Møen (2000) suggests that we should be
able to observe how wages reflect the accumulation of knowledge. He tests this
with a large and informative dataset on technicians, using wages, mobility and the
R&D intensity of firms in the Norwegian machinery and equipment industry. It is
found that R&D investment is at least partially incorporated into the labor market
through the mechanism outlined above.

Flow of goods refers to the literature on inter-industry spillovers. This literature
assumes that the relationship between how much R&D spills over between
industries can be proxied for by different weight matrices.8 The input–output
approach assumes that the amount of inter-industry spillovers can be proxied for by
summing the R&D expenditures of the “emitting” industry and multiplying the
number by the relationship between two industries as given by input–output tables,
i.e. sales divided by sales value of either recipient industry or emitting industry

8 See the discussion in Ejermo (2004). The way of classifying the weight matrices into three
classes is adopted from van Pottelsberghe de la Potterie (1997).
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(Terleckyj, 1974, 1980; Wolff and Nadiri, 1993; Wolff, 1997; Vuori, 1997; Ejermo,
2004). Also, the capital investments amounts from one type of industry to another
have been used to proxy their relationship. Technology flow matrices use patent
data to infer industry of use (Scherer, 1982), or user–producer relationships
(Putnam and Evenson, 1994). Technological proximity matrices use patent citation
information instead (cf. Verspagen et al., 1994; Verspagen, 1997). The literature
has shown that estimates of spillovers are sensitive to the choice of weighing
scheme. Many studies show social effects of R&D ranging from 0% to 60%. In the
study by Ejermo (2004) only modest spillover effects of R&D on productivity
between Swedish industries and firms were found.

To sum up, there is a vast amount of empirical literature using different ap-
proaches examining the nature of knowledge spillovers. Many more recent con-
tributions cast doubt on whether spillovers are really pure knowledge spillovers, i.e.
spillovers for which no compensations are given.Whether working through the labor
market or through explicit knowledge-transfer contracts, knowledge flows seem
more often to be pecuniary. Our paper clearly belongs to the KPF tradition. We think
the approach may yield important insight into the procedures surrounding the
workings of knowledge flows in a system of regions. In the next subsection, we
present a simple framework, showing the role of proximity for knowledge flows.

2.2 A framework for analyzing spillovers within and across regions

This paper builds on the assumption that knowledge flows between two actors are
more intense the higher the accessibility between the two. Using a slightly modified
version of a set-up introduced by Beckmann (2000, p. 134), the importance of
distance for the potential of assimilating knowledge flows can be illustrated in a
relatively simple way.We assume that the knowledge of a corporation k, denotedKk,
depends on three sources: own research Rk, other corporations’ research,
Rk �

P
Rl; l 6¼ k, where Rl denotes research in one such other corporation l, and

university researchUk ≡
P

Ui, whereUi denotes university research at university i.
9

Thus, we can write:

Kk ¼ f Rk;Rk;Uk

� �
(1)

We assume a Cobb–Douglas production for knowledge. Moreover, we assume
that there are opportunity costs (in terms of time spent) associated with each
knowledge resource: cR for Rk, cR for Rk and cU for Uk. Therefore in the pursuit of
new knowledge each corporation k wishes to maximize10:

max
Rk ;Rk ;Uk

R�
kR

�
kU

�
k � cRRk � cRRk � cUUk (2)

9 This is a stylized simplification because it implies that all research, whether in other corporations
or in universities, is treated equally for all corporations. In the applied empirical analysis we
distinguish between own and other corporate research, as well as make a distinction between
intra- and interregional accessibility to knowledge.
10 Of course, as Beckmann (2000) notes, it is possible to replace the opportunity costs by a time
budget constraint.
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where α, β and γ are elasticities with respect to Rk, Rk and Uk. The first-order
conditions for Rk and Uk imply:

�R�
kR

��1
k U �

k � cR ¼ 0 (3)

�R�
k R

�
kU

��1
k � cU ¼ 0 (4)

and:

�R�
kR

��1
k U�

k

�R�
kR

�
kU

��1
k

¼ cR
cU

, Uk

Rk
¼ �

�

cR
cU

(5)

which shows that the utilization of university research relative to other corporation
research depends on the ratio of the opportunity costs and the elasticities for Rk and
Uk. It can safely be assumed that each opportunity cost is an increasing function of
distance. Hence, if the distance to university researchers is significantly lower than
the distance to other corporations’ research, then we may expect that the exchange
and collaboration with university researchers is larger.

3 Data description and computation of variables

This section describes the model and the variables used in the empirical analysis.
Further, the model presented in Section 2 will be extended by expounding on the
accessibility concept. A coherent way of handling accessibility measures within
and between groups located across space is introduced.

3.1 Data

We use a cross-sectional dataset with the two main indicators of inventive activity
being R&D inputs and patents granted. The geographic distribution of these has
been shown to be highly concentrated to the three population dense regions
Stockholm (mid-east Sweden), Gothenburg (west–south–west) and Malmö
(south). This concentration is considerably higher than what is motivated by
population size. For a more detailed description including maps see Andersson and
Ejermo (2004).

Data for patents were taken from the EPO (2002) database of granted patents.
Time distances between Swedish local labor market regions, used to calculate
accessibilities, have been computed from raw data from the Swedish National Road
Administration’s database in Sweden.11 Time distances for 1994 has been
approximated with the average of time distances between functional regions (LA

11A paper by Ejermo and Karlsson (2004), although in a different context, experiments by
comparing the minimum of flight time and road travel time with that of road travel time, with
negligible difference for the result.
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regions) in 1990 and 1998. The definition of local labor market regions follows the
one given by NUTEK (1998). In essence, regions are identified by the intensity of
commuting flows between Swedish municipalities.12 The latest year for which we
could be reasonably sure that most patent applications had been processed and
granted is 1994, based on the priority date.13 Swedish patents from this year were
taken from the database, on a company-by-company basis (the names of the
companies were also available). For each group the number of patents from 1994
were added together for all companies belonging to it. Figure 1 illustrates the
number of Swedish granted patents with priority date from a specific year.

The second dataset contains information about the input in terms of man-years
in research and development on the county level for 1993, which is the later year
before 1994 for which such data are available. R&D data were taken from Statistic
Sweden’s microdata: “Business expenditure on R&D” (BERD). These data are
collected biennially by Statistics Sweden, and form the basis for the statistics on
research and development compiled for the OECD.14 Companies were aggregated
into groups as described in the Introduction, both for the patent and BERD datasets.
Sources for this work were the corporate registers of Statistics Sweden (Statistiska
Centralbyrån, 1997). The county data information from BERD was used to
distribute R&D among local labor market regions. A third dataset contains data
about university and higher education R&D measured in man-years. These data
were also provided by Statistics Sweden.

Fig. 1 Number of patents granted by the EPO with at least one Swedish inventor. Year shows the
year priority. Patent data with priority date 1994 was used in the present paper

12 NUTEK aggregated the Swedish municipalities into 81 local labor market regions.
13 The priority date is the first date of filing. From the priority date to the application date it takes
on average almost a year (source: own calculations of Swedish applications to EPO).
14 Although it would be desirable to incorporate earlier data, consistent time series were not
available.
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3.2 Computation of variables

As mentioned earlier, the analysis considers three knowledge sources available for
a group. These are (1) own R&D, (2) other groups’ R&D and (3) university R&D.
As stated in the introduction, accessibility is used to operationalize geographical
proximity. Measuring accessibility is an appropriate method to handle proximity
since it is related to concepts such as ease of spatial interaction and potential of
opportunities of interaction, etc (see, inter alia, Weibull, 1980). This implies that
accessibility is by definition strongly connected to the potential of FTF interactions
and thus knowledge exchange as discussed in Andersson and Karlsson (2004). The
measure of accessibility used here is employed to represent the potential of
opportunities and takes the following form with an exponential distance decay (see
e.g. Johansson et al., 2002)

ACCr ¼
Xn
s¼1

Dse
��trs : (6)

In the formulation above, ACCr denotes accessibility for region r to relevant
opportunities D of regions s = 1, . . . , n discounted by e��trs where λ is a sensitivity
parameter with respect to distance t. This variable can represent either geographical
distance or time distance. The time distance of traveling between two regions r and
s is denoted by trs. The internal time distances are calculated as the mean time
distances between municipalities within the local labor market regions.15 The use
of time distances brings many advantages (see e.g. Andersson and Karlsson, 2004).
Clearly, what is relevant in the context of FTF interaction is not merely geo-
graphical distance. It is rather the time (and cost) needed in order to overcome a
certain distance. Moreover, geographical distances do not reveal important
differences across regions. Two regions may have the same geographical distance
to some relevant opportunity but unequal time distance due to, say, differences in
the quality of the interregional transport infrastructure. It is important to take such
difference into account when dealing with the potential for FTF interactions.

The value of the time sensitivity parameter, λ, is set to 0.1 for intraregional time
distances, i.e. within the local labor market region. Interregionally (between local
labor market regions) the time distance sensitivity λ is set to 0.017. These
parameters represent the best information available. The intraregional parameter
value was taken from Åberg (2000). The interregional value was taken from
Hugosson (2001). Åberg (2000) sets up a model estimating local daily commuting
as a function of data on work and living opportunities and commuting times. In the
second case, the value is derived from the distance sensitivity of Swedish
interregional business trips. Formulating accessibility as in Eq. (7) provides an easy
way of separating intra-and interregional accessibility. If we letW = {1, . . . , n} be a

15 If a local labor market region only consists of one municipality, the internal time distance is
calculated as the mean of time distances between the SAMS (small area market statistics, roughly:
living areas) of that municipality.
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set of all regions in the economy and letW−r =W\r denote a set of all regions in the
economy except region r, the separation can be made in the following manner:

ACCr ¼ Dre��ir trr þP
s
Dse��ertrs ; r 2 W and s 2 W�r (7)

where λer denotes the intraregional distance sensitivity parameter, and λer the
distance sensitivity parameter for opportunities outside region r. Hence, the total
accessibility to an opportunity for a region is a weighted sum of accessibility to
opportunities within the region and accessibility to opportunities in other regions.
In particular, we model accessibility to R&D resources internally and externally in
the region where each group has research. Appendix B explains the algebraic
details of how our variables were constructed. Figure 2 shows an outline of our
model.

The method described above should be an effective way of assessing the role
of closeness to knowledge resources. Since the distinction between intra- and
interregional accessibility provides two parameters to be studied, it allows for a
clear-cut evaluation of the relative importance of R&D resources within and
outside regions. Concurrently, it may also give a hint of the nature of the crucial
knowledge externalities. Of course, our approach will not be able to reveal the
exact mechanisms through which knowledge is transferred. However, if we believe
that FTF contacts are required for fruitful knowledge exchange and interregional
accessibility turns out to be important one may question whether the process of
knowledge exchange can be characterized as a pure externality. Unplanned and
involuntary FTF contacts between researchers in different regions can be assumed
to be less frequent since the time distances are sufficiently large to demand

Fig. 2 An outline of our model
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planning of meetings in advance. In this case one would expect that knowledge
spillovers would occur through, for example, business meetings and networks
across regions. On the other hand, if it is intraregional accessibility that is important
we can at least conclude that the processes that generate knowledge exchange do
indeed have a local character. It is in this case not possible to rule out the role of
neither pure nor pecuniary externalities.

4 Empirical analysis

4.1 Estimation Issues

The number of patents patk of a group k is modeled as dependent on the variables
presented in Table 1.

Since the number of patents is a discrete variable, count data techniques are
appropriate. Normally, this type of regressions is handled by a Poisson regression
model. However, only 39 of 130 groups (30%) in our dataset have patents granted
and registered at the EPO. In the econometrics literature, another type of model, the
Zero-Inflated Poisson (ZIP) model, has been advanced to take into account that
decision units may be subject to one of two types of regimes: (1) whether to engage
in patenting at all, (2) how many patents to “produce” (where 0 patents is still an
option). Another potential limitation of the standard Poisson model is the implicit
assumption that variance and mean are equal (Greene, 2003). This may of course
not be true, but can be tested.

Another type of model, the Negative Binomial, relaxes this assumption by
letting the variance differ from the mean. However, in this case the regime setup is
dropped. A final possibility is the Zero-Inflated Negative Binomial (ZINB) model,
which is a mixture of the two approaches. We briefly review the stated models
below.16

The Poisson model is written

Pr PATk ¼ patk½ � ¼ e��k �patk
patk !

; patk ¼ 0; 1; 2; 3; : : : : (8)

Table 1 Variables, their meaning and definition with respect to intra- and interregional
accessibility

Variable Denotes

patk Number of patents granted
Rk Number of research personnel employed by the own group
Aint,k Average total accessibility to own research
Aext1,k Average intraregional accessibility to other groups’ research
Aext2,k Average interregional accessibility to other groups’ research
AU1,k Average intraregional accessibility to university
AU2,k Average interregional accessibility to university research

16 The following text draws on the expositions in Cameron (1998) and Greene (2003).
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where θk is in turn related to the set of regressors xk (the explanatory variables in
Table 1):

ln �k ¼ �0xk (9)

and β is a vector of unknown parameters. As stated, a possibly erroneous
assumption of the Poisson model is that variance and expected value are the same:

E patk xkj½ � ¼ Var patk xkj½ � ¼ �k ¼ exp �0xkð Þ (10)

A more general form is given by the Negative Binomial regression model. θk is
respecified as

ln �k ¼ �0xk þ " , �k ¼ e�
0xk e"

where e" is here assumed to have a gamma distribution with mean 1 and variance
α. The probability distribution of the Negative Binomial model is

Pr PATk ¼ patk "j½ � ¼
e�e�

0xk e" e�
0xk e"

� �patk !

patk !
; patk ¼ 0; 1; 2; 3; : : : :

(11)

In the Zero-Inflated Poisson model, we have two regimes at work. The
probability of a zero outcome is the probability of regime 1 (no patents), plus the
probability of zero patents, given regime 2 (patenting activity). The different
outcomes may be stated as:

Pr patk ¼ 0½ � ¼ Pr regime 1½ � þ Pr patk ¼ 0 regime 2j½ � (12)

Pr patk ¼ n½ � ¼ Pr patk ¼ n regime 2j½ �Pr regime 2½ �; n > 0 (13)

An underlying variable, zk, is a dummy, taking the value 1 if regime 2 holds and
the value 0 if regime 1 is applicable, for each group k. Compared with the standard
Poisson model, the probability of attaining a zero value has been “inflated”. The
process determining zk is zk* = γ′xk + ηk, where ηk is i.i.d. with cumulative density
function Φ(.). If zk* > 0 then zk = 1 and if zk* ≤ 0 then zk = 0. Then Eqs. 12 and 13
may be reformulated as

Pr patk ¼ 0½ � ¼ 1�� � 0xkð Þ þ� � 0xkð Þ �� 0 �0xkjð Þ (14)

Pr patk ¼ n½ � ¼ � � 0xkð Þ � n �0xkjð Þ; n > 0 (15)

The distribution of Ψ (n∣β′xk) can be estimated either using a Poisson or a
Negative Binomial model. The next section reports the results of the estimations.
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4.2 Empirical results

4.2.1 Model specification issues

Table 2 presents the results from the Poisson and the Zero-Inflated Poisson model.
Coefficients and significance levels are sensitive to model specification. Greene
(2003) and the STATA website (2003) emphasize that the processes are very
different. “Either unobserved heterogeneity or a process that has separate mecha-
nisms for generating zero and nonzero counts can produce both over-dispersion
and ‘excess zeros’ in the raw data”. (STATA website, 2003). This makes it
important to evaluate the models, preferably by formal test procedures. Thus, if we
start out with a Poisson model, and if a test of overdispersion rejects the Poisson
model, we must still test for zero inflation. The overdispersion test is done using a
likelihood-ratio test as indicated by Eq. 16.

H0 : Var patk½ � ¼ E patk½ �
H1 : Var patk½ � ¼ E patk½ � þ �g E patk½ �ð Þ (16)

The LR test assesses whether α is different from zero. This test rejects the
Poisson model in favor of the Negative Binomial model (χ2 = 722.77). In addition,
a nonnested test by Vuong (1989) is used to test (a) the Zero-Inflated Negative
Binomial model vs. the Negative Binomial model and (b) the Zero-Inflated Poisson
model vs. the Poisson model. This test is specified as follows by Greene (2003,
p. 751):

Let fj (yi∣xi) denote the predicted probability that the random variable Yequals
yi under the assumption that the distribution is fj (yi∣xi), for j=1,2, and let

mi ¼ log
f1 yi xijð Þ
f2 yi xijð Þ

� �

Table 2 Estimates of the Poisson and the zero inflated Poisson model

Dependent variable: patk

Variable Poisson ZIP

Constant 0.4262 (0.1569)*** 2.0615 (0.1703)***
Rk 0.0004 (2.68E−05)*** 0.0002 (2.78E−05)***
Aint,k 0.0020 (0.0006)*** 0.0007 (0.0006)
Aext1,k −5.60E−06 (0.0011) 0.0014 (0.0012)
Aext2,k −0.0001 (0.0001) −0.0004 (0.0001)***
AU1,k 0.0046 (0.0010)*** 0.0042 (0.0011)***
AU2,k 0.0009 (0.0004)** 0.0005 (0.0005)
Log-likelihood −544.1548 −300.3189
LR-test 296.48 143.53
No. obs 130 130

Standard errors are in parenthesis. *, ** and *** denote significance at the 10%, 5% and 1% level
respectively
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Then Vuong’s statistic for testing the nonnested hypothesis of Model 1 versus
Model 2 is

v ¼
ffiffiffi
n

p 1
n

Pn
i¼1 mi

� 	ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Pn
i¼1 mi � mð Þ2

q :

A large test statistic favors the Zero-Inflated Negative Binomial model for case
(a) and the Zero-Inflated Poisson model for case (b). A low negative number favors
the Negative Binomial model for case (a) and the Poisson model for case (b). We
find that the Negative Binomial model is strongly rejected (1% level, test statistic
3.34) in favor of the Zero-Inflated Negative Binomial model and the Poisson model
is rejected in favor of the Zero-Inflated Poisson model (5% level, test statistic 1.83).
These results suggest either the Zero-Inflated Poisson model or the Zero-Inflated
Negative Binomial model to be appropriate.

Unfortunately, there is no applicable test of Zero-Inflated Negative Binomial
model vs. the Zero-Inflated Poisson model, but the likelihood ratio test that the
model improves on a model with a constant only shows that the Zero-Inflated
Poisson model is the better model.17 This can also be seen from examination of
the models’ within sample prediction accuracy. In Appendix C, Fig. A and B show
the predicted (within sample) values of patk compared with actual values for the
Poisson, Zero-Inflated Poisson model and the Zero-Inflated Negative Binomial
model (Fig. A) and the Negative Binomial model (Fig B). As can be seen, the
Negative Binomial model performed remarkably poorly, with three extreme
outliers (see Appendix C for details). Hence, the Zero-Inflated Poisson model gives
the most reliable estimates. The estimates of the Negative Binomial and the Zero-
Inflated Negative Binomial model are shown in Appendix B.

4.2.2 Interpretation of the results

The ZIP model suggests that research in the own group (Rk) has a highly significant
effect on the likelihood to produce patents. Furthermore, internal accessibility is
positive but not significant. This means that it is the size of the R&D staff that is
important, while the accessibility to FTF contacts between the research units within
the group is of minor importance. No significant intraregional effects have been
found between groups. Thus Swedish groups formally engaged in R&D activities
do not benefit from having high accessibility to other groups’ research units in the
same region. Patenting is also found to be somewhat less likely when there is
higher accessibility to other groups’ research in other regions than where the own
group has its R&D. This could be due to a business-stealing effect. It could be that
high accessibility to other groups’ research staff indicates a competition for R&D
personnel. Whereas this effect may contribute to labor pooling if it occurs within a
region, it may be negative for the own group if competitors do R&D in nearby
regions. An example of this would be that groups conducting R&D in a region
close to the R&D-intensive Stockholm region would experience a negative effect

17 The LR test value is 143.53 for the latter and only 13.26 for the Zero-Inflated Negative
Binomial model.
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from locating close to Stockholm, but not inside the Stockholm region. Our results
are consistent with those of Ejermo (2004) who found that R&D spilled over only
to a modest extent among Swedish industries.

We find that the likelihood of patenting is positive and stronger when the group
has high intraregional accessibility to university research than the likelihood
obtained from own research. This may be the result of established local networks to
universities. Interestingly, it seems as if university contacts should be maintained
close to where universities are located, since their effects are highly localized.

5 Conclusions

R&D effects on patenting in Swedish groups, i.e. parent and subsidiary companies
tied together through ownership, have been examined in an accessibility frame-
work. The R&D activities of our sample of groups have not been found to affect
patent production of other groups intraregionally (variable Aext1,k). However,
interregionally the likelihood is negatively affected. A possible explanation for this
relates to competition for R&D staff of groups located in different regions. This may
be due to competition for researchers between groups across regions. Within a
region, it is possible that such negative competition effects are balanced out by
positive labor market effects; hence the total effect becomes non-significant. It must
be stressed however, that not all learning in companies is the result of R&D. That is,
small companies without formal R&D activities are not captured by our sample.
Thus, it would be wrong to conjecture that no intraregional knowledge effects take
place across companies. A future research issue could be to analyze local effects,
investigating companies not included in the sample, perhaps using the community
innovation survey (CIS) indicators (see the Introduction). It should in this context
also be of particular importance to distinguish between large and small Swedish
innovators, to see whether there are size-related differences in the ability to
assimilate university research or research of other groups. The presence of high
accessibility to university research in the same region seems to increase the
likelihood of patenting in groups. Interregionally, no effects of this kind were found.
Thus, the effects of university research on patenting in groups seem to be mainly
local in nature.

The paper has stressed that any spillover effects involved may be of both
pecuniary and pure externality type, i.e. it is not possible to separate between rent
and idea spillovers, hence both market and non-market effects are estimated jointly.
Thus, this research could be complemented along a number of lines. One such line
would be to study the role of labor markets. For instance, one fruitful line of
research would be to study inventors’ role in forming new companies and their
mobility between employers.

1 Appendix A: details on the construction of accessibility variables

These sections describe the construction of the accessibility variables used in the
empirical estimations.
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1.1 Internal corporate group knowledge accessibility

Internal accessibility to R&D plants within each group can be calculated by matrix
algebra in the following way. First, we define an 81 × 81 symmetrical matrix, T,
displaying mean time distance from one local labor market region to another. Since
we did not have actual values for 1994, we took the average of time distances from
1990 and 1998.

T ¼
�1;1 � � � �1;81

..

. . .
. ..

.

�81;1 � � � �81;81

2
64

3
75; where �i; j ¼ e��ti;j (A.17)

We define a matrix R describing the distribution of each group’s R&D
personnel across space. This matrix is 81×130 so that:

R ¼
R1;1 � � � R1;130

..

. . .
. ..

.

R81;1 � � � R81;130

2
64

3
75 (A.18)

where for example R39,53 denotes the research activity of group 53 in region 39.
R denotes the number of research personnel. Also, a dummy matrix is defined
so that

D ¼
D1;1 � � � D1;130

..

. . .
. ..

.

D81;1 � � � D81;130

2
64

3
75 (A.19)

Each value Dr,k has a value of 1 if group k has research activity in region r and 0
otherwise. This matrix is constructed to ensure that if a group is not present in a
region, it will not have access to other research within the group from that region.
Then we define

TRD ¼ TRð Þ: � D (A.20)

where .* denotes the Hadamard (elementwise) matrix multiplication (./ will later
denote Hadamard, elementwise, matrix division). To sum over the columns in the
matrix TRD and account for the number of regions in which a group is present we
form an 1 × 81 row vector i81 of ones and premultiply TRD by this. The result is a
1 × 130 row vector, showing the sum of a group’s accessibility of all locations in
which it is present.

TRDsum ¼ i81TRD (A.21)

Next, we premultiply the D matrix by the same row vector i. The resulting 1 ×
130 row vector, N, shows for each element the number of locations in which a
group has research activities.

N ¼ i81D (A.22)
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Finally, we divide each element of TRDsum by the corresponding element of N
and take the transpose, so that internal accessibility shows up as a 130 × 1 column
vector:

Aint ¼ ðTRDsum:=NÞ0 (A.23)

1.2 Knowledge accessibility between groups

We want to separate external accessibility to other groups’ knowledge into knowl-
edge access within a region where the group has own research, and access to
research staff outside regions of own research personnel. We wish to obtain a matrix
81×130 showing first total external accessibility to other groups’ R&D. To
accomplish this, we must first remove own research. We sum a region’s research
amount by post multiplying R with an identity column vector i130. The result is an
81×1 column vector where each element shows the total amount of research in
region r. Thenwemultiply the result with i130. The end result is a 81×130matrix, eR ,
where an element from row r shows the sum of research within region r so thateRr;1 ¼ eRr;k. Then we deduct research from the own company so that only external
research is left.

Re ¼ eR�R ¼
Re
1;1 � � � Re

1;130

..

. . .
. ..

.

Re
81;1 � � � Re

81;130

2
64

3
75

An element Rr,k
e shows the potential amount of external knowledge available

for group k coming from region r. Finally, we have to adjust for time distance to
external knowledge and for a company’s own research in the region, in a fashion
similar to the above.

TRDe ¼ ðTReÞ:*D (A.24)

We use the same procedure as outlined above to arrive at the column vector Aext:

Aext ¼ ði81TRDe:=NÞ0 (A.25)

This leaves us with a 130×1 column vector of external accessibilities to other
groups’ research available for each group. Now we divide this effect into intra-and
interregional accessibilities to external knowledge. First, we calculate only those
effects which are internal to the region and subtract this from (A.25). We construct
a matrix eT with dimensions 81×130. This matrix consists of 130 identical column
vectors. Each element of the vectors shows the internal time distance of the
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corresponding row (e.g. any element on row 80 shows the internal time distance in
region 80):

eT ¼

�1;1 �1;1 � � � � � � �1;1
�2;2 �2;2 � � � � � � �2;2

..

. . .
. ..

.

..

. . .
. ..

.

�81;81 �81;81 � � � � � � �81;81

2
666664

3
777775

We multiply Re elementwise with eT to form intraregional but external
knowledge accessibility, ARext,1 for each group again similar to what has been
done before:

gTRD
e ¼ ð ~T:*R

eÞ:*D (A.26)

Aext;1 ¼ ði81 gTRD
e
:=NÞ0 (A.27)

The dummy D again plays the role of only taking into account effects when the
group conducts research in the region. Then, to calculate external knowledge from
other groups in other regions, we simply subtract Aext,1 from Aext:

Aext;2 ¼ Aext �Aext;1 (A.28)

Table A Estimates of the Negative Binomial (Neg. bin.) and the Zero-Inflated Negative
Binomial (ZINB) models

Dependent variable: patk

Variable Neg. bin. ZINB

Constant −0.0674 (0.6928) 1.8245 (0.6651)***
Rk 0.0038 (0.0017)** 0.0003 (0.0003)
Aint,k −0.0255 (0.0195) 0.0021 (0.0066)
Aext1,k −0.0033 (0.0054) 0.0066 (0.0057)
Aext2,k −0.0002 (0.0005) 0.0066 (0.0005)
AU1,k −0.0029 (0.0070) 0.0069 (0.0096)
AU2,k 0.0011 (0.0020) −0.0007 (0.0019)
Log-likelihood −182.7714 −170.9029
LR-test 17.93 13.26
Pseudo R2 0.0468
No. obs 130 130

Standard errors are in parenthesis. *, ** and *** denote significance at the 10%, 5% and 1% level
respectively
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Fig. A Predicted values for the Poisson, Zero-Inflated Poisson and the Zero-Inflated Negative
Binomial model. One outlier is not shown for the ZINB model, 75.44 corresponding to actual
value 37

Fig. B Predicted values for the Negative Binomial model. Note: there are some extraordinary
outlier predictions outside the range shown. 139,000,000,000, 2,080.196 and 280.6752
corresponding to actual patent values 37, 0 and 11
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1.3 Accessibility to university research staff

We now turn to accessibility to research in universities (and other higher
education). We start out with an 81×1 column vector, u, each element showing the
amount of university research personnel in a region. This is premultiplied with the
mean time distance matrix T (A.17) to form:

Tu ¼
Tu1
..
.

Tu81

2
64

3
75 (A.29)

where Tur shows region r's total accessibility to university research. Next, we form

a matrix fTu which we get by postmultiplying by a column identity row-vector

i130. This results in an 81×130 matrix, gTU . We then proceed with the same method
as above,

AU ¼ ði81ðgTU:*DÞ:=NÞ0 (A.30)

which results in a 130×1 vector in which each element represents a group’s average
accessibility to university research. To separate between intra- and interregional
accessibility, exactly the same method is applied as for knowledge accessibility
between groups. We label intraregional university research AU1 and interregional
accessibility AU2.

1 Appendix B: results of the Negative Binomial and the Zero-Inflated
Negative Binomial models

Table A presents the results of the Negative Binomial model and the Zero-Inflated
Negative Binomial model not included in the main text.

1 Appendix C: prediction graphs of the presented models

Figures A and B show the predicted values plotted on the Y-axis against actual
values on the X-axis, for the various models in use. Perfect predictions would result
in straight 45° lines from the origo.

References

Åberg P (2000) Three essays on flows-trade, commuting and foreign direct investment, Licentiate
thesis, Infrastructure and Planning, Royal Institute of Technology: Stockholm

Acs Z, Audretsch D, Feldman M (1992) Real effects of academic research: Comment. Am Econ
Rev 82(1):363–367

Acs Z, Audretsch D, FeldmanM (1994) R&D spillovers and recipient firm size. Rev Econ Stat 76
(2):336–340

Almeida P, Kogut (1999) Localization of knowledge and the mobility of engineers in regional
networks. Manage Sci 45(7):905–917

762 M. Andersson and O. Ejermo



Andersson M, Ejermo O (2004) Sectoral knowledge production in Swedish functional regions
1993–1999. In: Karlsson C, Flensburg P, Hörte S-Å (eds) Knowledge spillovers and knowl-
edge management. Edward Elgar, Cheltenham

Andersson M, Karlsson C (2004) The role of accessibility for regional innovation systems. In:
Karlsson C, Flensburg P, Hörte S-Å (eds) Knowledge spillovers and knowledge management,
Edward Elgar, Cheltenham

Anselin L, Acs Z, Varga A (1997) Local geographical spillovers between university research and
high technology innovations. J Urban Econ 42:422–448

Anselin L, Acs Z, Varga A (2000) Geographic spillovers and university research: a spatial
econometric approach. Growth Change 31:501–515

Arrow KJ (1962) The economic implications of learning by doing. Rev Econ Stud 29(1):155–173
Audretsch DB, Feldman MP (1996) Innovative clusters and the industry life cycle. Rev Ind Org

11:253–273
Autant-Bernard C (2001) The geography of knowledge spillovers and technological proximity.

Econ Innov New Technology 10:237–254
Beckmann M (2000) Interurban knowledge networks. In: Batten D (ed) Learning, innovation and

urban evolution. Kluwer Academic, London, pp 127–135
Braunerhjelm P (1998) Varför leder inte ökade FoU-satsningar till mer högteknologisk export?

Ekon Samf Tidskr 2:113–123
Breschi S, Lissoni F (2001) Localized knowledge spillovers vs. innovative milieux—knowledge

tacitness reconsidered. Pap Reg Sci 80:255–273
Breschi S, Lissoni F (2005) Mobility and social networks: localised knowledge spillovers

revisited, Annales d’ Economie et de Statistique, 2005 (forthcoming)
Cameron G (1998) Innovation and growth: a survey of the empirical evidence, Mimeo. Based on

Ch. 2 of PhD thesis, University of Oxford
Cohen WM, Levinthal DA (1990) Absorptive capacity—a new perspective on learning and

innovation. Adm Sci Q 35:128–152
Desrochers P (1998) On the abuse of patents as economic indicators. Q J Austrian Econ 1(4):51–

74
Echeverri-Carroll E, Brennan W (1999) Are innovation networks bounded by proximity? In:

Fischer M, Suarez-Villa L, Steiner M (eds) Innovation, networks and localities. Springer,
Berlin Heidelberg New York, pp. 28–49

Ejermo O (2004) Productivity Spillovers of R&D in Swedish Industries and Firms, Jönköping
International Business School: Jönköping, Chapter in PhD Thesis

Ejermo O, Karlsson C (2004) Spatial inventor networks as studied by patent coinventorship,
Jönköping International Business School: Jönköping, Chapter in PhD Thesis

European Patent Office (2002) Bibliography of granted European patents on DVD-rom. EPO,
Vienna

Feldman MP, Audretsch DB (1999) Innovation in cities: science-based diversity, specialization
and localized competition. Eur Econ Rev 43:409–429

Fischer MM (1999) The innovation process and network activities of manufacturing firms. In:
Fischer MM, Suarez-Villa L, Steiner M (eds) Innovation, networks and localities. Springer,
Berlin Heidelberg New York

Fischer MM, Varga A (2003) Spatial knowledge spillovers and university research: evidence
from austria, Ann Reg Sci 37(2):303–322

Fischer MM, Suarez-Villa L, Steiner M (1999) Innovation, networks and localities. Springer,
Berlin Heidelberg New York

Fors G, Svensson R (1994) R&D in Swedish Multinational Corporations, WP No. 406, Industrial
Institute for Economic and Social Research: Stockholm

Fors G, Svensson R (2002) R&D and Foreign Sales in Swedish Multinationals: a Simultaneous
Relationship? Res Policy 31:95–107

Geroski P (1995) Do spillovers undermine the incentive to innovate? In: Dowrick S (ed)
Economic approaches to innovation. Edward Elgar, Aldershot, pp. 76–97

Greene WH (2003) Econometric analysis. Prentice Hall, New Jersey
Griliches Z (1979) Issues in assessing the contribution of research and development to prod-

uctivity growth. Bell J Econ 10:92–116
Griliches Z (1990) Patent statistics as economic indicators: a survey. J Econ Lit 28:1661–1707
Griliches Z (1992) The search for R&D spillovers, Scand J Econ 94:S29–S47
Hugosson P (2001) Interregional business travel and the economics of business interaction. PhD

thesis, Jönköping International Business School: Jönköping

How does accessibility to knowledge sources affect? 763



Jaffe A (1989) Real effects of academic research. Am Econ Rev 79(5):957–970
Jaffe AB, Trajtenberg M, Henderson R (1993) Geographic localization of knowledge spillovers

as evidenced by patent citations. Q J Econ 108:577–598
Johansson B (2004) Parsing the menagerie of agglomeration and network externalities. In:

Karlsson C, Johansson B, Stough RR (eds) Industrial clusters and inter-film networks.
Edward Elgar, Cheltenham

Johansson B, Klaesson J (2001) Förhandsanalys av förändringar i transport-och bebyggelsesys-
tem, Mimeograph

Johansson B, Klaesson J, Olsson M (2002) Time distances and labor market integration. Pap Reg
Sci 81(3):305–327

Kleinknecht A, van Montfort K, Brouwer E (2002) The non-trivial choice between innovation
indicators. Econ Innov New Technol 11(2):109–121

Kline SJ, Rosenberg N (1986) An overview of innovation. In: Landau R, Rosenberg N (eds) The
positive sum strategy: harnessing technology for economic growth. National Academy,
Washington, D.C., pp 275–305

Krugman P, Obstfeld M (2000) International economics—theory and policy. Addison-Wesley,
Redding, MA

Leonard D, Sensiper S (1998) The role of tacit knowledge in group innovation. Calif Manage Rev
40(3):112–131

Lorenzen M (1996) Communicating trust in industrial districts, mimeograph
Lundvall B-ÅE (1992) Lundvall, National systems of innovation—towards a theory of in-

novation and interactive learning. Biddles Ltd., London
Maillat D, Kebir L (2001) The learning region and territorial production systems. In: Johansson,

B, Karlsson C, Stough R (eds) Theories of endogenous regional growth—lessons for regional
policies. Springer, Berlin Heidelberg New York, pp 255–277

Marshall A (1920) Principles of economics. Macmillan, London
Maurseth PB, Verspagen B (2002) Knowledge spillovers in Europe. A patent citation analysis.

Scand J Econ 104(4):531–545
Michel J, Bettels B (2001) Patent citation analysis—a closer look at the basic input data from

patent search reports. Scientometrics 51(1):185–201
Møen J (2000) Is mobility of technical personnel a source of R&D spillovers? NBER Working

Paper No. 7834, National Bureau of Economic Research (NBER): Cambridge, MA
Mowery DC, Rosenberg N (1998) Paths of innovation. Cambridge University Press, Cambridge
NUTEK (1998) Små företag och regioner i Sverige 1998—med ett tillväxtperspektiv för hela

landet, B1998:10, NUTEK: Stockholm
Putnam J, Evenson RE (1994) Inter-sectoral technology flows: Estimates from a patent

concordance with an application to Italy, Mimeo
Romer PM (1986) Increasing returns and long-run growth. J Polit Econ 94(5):1002–1037
Scherer FM (1982) Interindustry technology flows and productivity growth. Rev Econ Stat

LXIV:627–634
STATA Webpages (2003) What if my raw count data contain evidence of both over-dispersion

and “excess zeros”? Internet webpage: http://www.stata.com/support/faqs/stat/nbreg.html,
2003, Accessed January 9th 2004

Statistics Sweden (1997) Sveriges koncerner. Statistics Sweden, Stockholm
Svensk Författningssamling (1975) Aktiebolagslag, 1975:1385. Fritzes, Stockholm
Terleckyj N (1974) Effects of R&D on productivity growth of industries: an exploratory study.

National Planning Association, Washington, DC
Terleckyj NE (1980) Direct and indirect effects of industrial research and development on the

productivity growth of industries. In: Kendrick J, Vaccara B (eds) New Developments in
Productivity Measurements Analysis, NBER Studies in Income and Wealth, no. 44. Uni-
versity of Chicago Press, Chicago, IL

Thompson P, Fox-Kean M (2003) Patent citations and the geography of knowledge spillovers: a
reassessment. In: WP, Department of Social and Decision Sciences. Carnegie Mellon,
Pittsburgh, PA

van Pottelsberghe de la Potterie B (1997) Issues in assessing the effect of interindustry R&D
spillovers. Econ Syst Res 9:331–355

Verspagen B (1997) Measuring intersectoral technology spillovers: estimates from the European
and US patent office databases. Econ Syst Res 9:47–65

Verspagen B, van Moergastel T, Slabbers M (1994) MERIT concordance table: IPC-ISIC (rev. 2),
MERIT Research Memorandum 2/94-008: Maastricht

764 M. Andersson and O. Ejermo

http://www.stata.com/support/faqs/stat/nbreg.html


Vuong QH (1989) Likelihood ratio tests for model selection and non-nested hypotheses.
Econometrica 57:307–333

Vuori S (1997) Interindustry technology flows and productivity in Finnish manufacturing. Econ
Syst Res 9:67–80

Weibull JW (1980) On the numerical measurement of accessibility. Environ Plan A 12:53–67
Whitehead AN (1926) Science and the modern world: Lowell lectures 1925. Cambridge

University Press, Cambridge
Wolff EN (1997) Spillovers, linkages and technical change. Econ Syst Res 9:9–23
Wolff EN, Nadiri MI (1993) Spillover effects, linkage structure and research and development.

Struct Chang Econ Dyn 4:315–331
Zucker LG, Darby MR, Armstrong J (1998a) Geographically localized knowledge: Spillovers or

markets? Econ Inq XXXVI:65–86
Zucker LG, Darby MR, Brewer MB (1998b) Intellectual human capital and the birth of U.S.

biotechnology enterprises. Am Econ Rev 88 (1):290–306

How does accessibility to knowledge sources affect? 765


	How does accessibility to knowledge sources affect the innovativeness of corporations?—evidence from Sweden
	Abstract
	Introduction
	Space in knowledge flow models
	The geography of “knowledge spillovers” in recent studies
	A framework for analyzing spillovers within and across regions

	Data description and computation of variables
	Data
	Computation of variables

	Empirical analysis
	Estimation Issues
	Empirical results
	Model specification issues
	Interpretation of the results


	Conclusions
	Appendix A: details on the construction of accessibility variables
	Internal corporate group knowledge accessibility
	Knowledge accessibility between groups
	Accessibility to university research staff

	Appendix B: results of the Negative Binomial and the Zero-Inflated Negative Binomial models
	Appendix C: prediction graphs of the presented models
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


