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Has the German reunification strengthened Germany’s national innovation system?

: Triple Helix dynamics of Germany’s innovation system
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Abstract

This paper investigates whether the German reunification strengthened the country’s national
innovation system, using the Triple Helix model. In particular, it assesses the various
dimensions of the innovation system by analyzing co-authorship networks from 1973 to 2014.
Despite the series of policies promoting collaboration between the two regions and the rise in
the number of regional collaborations and in the number of papers, the results show that the
national innovation system of Germany has worsened since the reunification in 1990, and the
role of government is critical in encouraging collaboration. Finally, this paper uses survey
data on the type of Triple Helix configuration that actually occurred in East Germany as a

robustness check.
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1. Introduction

The fall of the Berlin Wall in 1989, leading to the reunification of Germany in 1990, was one
of the prominent events of the 21st century. The scene of people celebrating the country’s
reunification on the fallen wall represented German people’s optimistic expectations about
their future. Indeed, in the first election after the reunification, people in the former East
Germany voted for parties that insisted on a quick integration of the East into West German
society (Bach & Trabold 2000). However, although 270 billion euros has been spent on
reunification costs, East Germany had only reached 70% of the GDP level of West Germany
by 2011. In addition, life satisfaction in East Germany has remained significantly below that
in West Germany because of lower income and higher unemployment levels compared with
those of the West, although these gaps are gradually beginning to disappear (Shields et al.
2003).

The German government has made various efforts to integrate these two regions,
including formulating policies on building an innovation system to equalize standards of
living across Germany (Meske 1993; Giinther et al. 2010). Restructuring and building a new
innovation system in unified Germany aims to encourage the creation and diffusion of
knowledge, which is one of the main inputs of production that determines the extent of
economic development and growth in knowledge-based economies (OECD 1996; Lundvall &
Johnson 1994). However, whether the German reunification strengthened Germany’s national
innovation system by providing a system for knowledge creation and diffusion is
underexplored in the literature.

This paper assesses the various dimensions of Germany’s innovation system by
analyzing co-authorship networks. The above-mentioned growing importance of the creation
and management of knowledge in knowledge-based economies encourages the development
of networks of researchers that share a common problem or paradigm (Crane 1972; Powell &
Grodal 2006). Such research collaborations that determine how knowledge flows and how
communities influence the diffusion and expansion of knowledge can be captured by
understanding their co-authorship networks (Acedo et al. 2006; Katz & Hicks 1997). In
addition, co-authorship networks provide good databases for examining the true
acquaintances of researchers, because researchers who write a paper together tend to be
familiar with one another (Newman 2001a; Newman 2001b).

This paper applies the Triple Helix (TH) model to examine the innovation system in
Germany through its co-authorship networks, using publication data from 1972 to 2014,

which allows us to track the change in the system before and after the reunification. The TH



model suggests that universities are the dominant actors in the innovation system and that
innovation does not rely on a single institutional sphere but rather on the interaction among
universities, industry, and governments (Ranga & Etzkowitz 2013). Therefore, we can apply
the TH model of university—industry—government relationships to examine the extent to
which the institutional actors in national innovation systems interact across institutional
boundaries and determine the resulting status of knowledge infrastructure in the innovation
system (Etzkowitz & Leydesdorff 1995; Etzkowitz & Leydesdorff 2000a). In addition, given
that this study examines how the reunification affected the innovation system after 1990, the
TH model importantly allows us to track the system dynamics (Ranga & Etzkowitz 2013).

The presented results show that the German innovation system worsened after the
reunification. Indeed, the network’s positive effect generally declined over time in both West
and East Germany, except for the two-dimensional university—industry relationship in the
East and that between the government and the other region of Germany in the East and West.
Although publications and collaborations between the two regions rose, the quality of the
innovation system did not increase in line with this quantitative change; indeed, only when
the government participated in these collaborations did the innovation network improve. This
study also investigates surveyed data as a robustness check. The survey data show that after
the reunification, the ideal TH configuration was not implemented in order to restructure the
innovation system in East Germany.

The remainder of this paper proceeds as follows. Section 2 provides the related
literature and theoretical background. Section 3 presents the historical background, focusing
on German policies for strengthening innovation networks. Section 4 provides the results of
the TH indicators and Section 5 shows the results of the survey on the innovation system in

East Germany. Finally, Section 6 provides concluding remarks.

2. Related literature and theoretical background

The TH system was introduced as an analytical framework that systematizes the
characteristics of university—industry—government interactions (Ranga & Etzkowitz 2013).
This framework is located in the line of research on the innovation system approach that
emerged in the mid-1980s, which perceived innovation and economic development as
resulting from the learning process (Ranga & Etzkowitz 2013). This approach describes the
actors, behaviors, and interactions in national innovation systems at the aggregate level,
focusing on the creation and diffusion of new knowledge as well as the effect of this new

knowledge on the economy (Lundvall 1992; Freeman 1987).



The emergence of knowledge-based economies has heightened research on the
creation and diffusion of knowledge with respect to collaboration and learning among actors
(OECD 1996; Lundvall & Johnson 1994). In a knowledge-based economy “directly based on
the production, distribution and use of knowledge and information” (OECD 1996), industries
such as IT, biotechnology, and nanotechnology become dominant and the main input of these
industries (i.e., knowledge) is more likely to be generated in a university compared with in
traditional industrial economies (Kim & Heshmati 2013). Accordingly, a university whose
role is the creation of knowledge becomes the main actor in the production process.

However, not only the university itself but also the institutional network structure
surrounding the university affects the quality of the innovation system (Foray 2004). Crane
(1972) defined the invisible college as the informal networks among researchers who share a
common norm or paradigm and analyzed how such networks influence the creation and
diffusion of knowledge. Hence, the TH model captures the quality of the innovation system,
which consists of institutions, by measuring the quality of the networks surrounding the
university.

Moreover, publications that occur through such collaborations as university—
industry—government ones are often used as an indicator in the TH model. Given that
university—industry—government collaboration has increased over time, Powell & Owen-
Smith (1998), Link (1996, 2006), Acedo et al. (2006) and Katz & Hicks (1997) stated that
analyzing their co-authorship networks can capture their collaborative knowledge networks.
Similarly, Leydesdorff & Sun (2009) analyzed publication data on Japan by using the TH
model, showing that collaborations with researchers overseas have grown in importance over
time in the national innovation system. Concordantly, Kwon et al. (2011) showed the impact
of co-authorship networks on the Korean innovation system by using the TH model.

Although the TH model using co-authorship data may only capture a narrow
definition of the national innovation system (Lundvall 2007), it contributes to the body of
research by enabling researchers to quantify the dynamics of innovation systems with a
relevant measurement method. While the most relevant performance indicators of a national
innovation system should reflect its efficiency and effectiveness at producing, diffusing, and
exploiting economically useful knowledge, such indicators are not well developed (Lundvall
1992; Godin 2009). In this sense, the TH model provides a suitable method for measuring an
innovation system.

One indicator of the TH system is the mutual information among actors. University—

industry—government dynamic interactions comprise three sub-dynamics, namely (i) the
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creation of wealth, (ii) knowledge-based innovation, and(iii) government policy (May &
Leonard 2006; May 1976; Sonis 2000). In these sub-dynamics, the policy implemented by the
government can affect and be affected the first two sub-dynamics (Leydesdorff 2009). In
other words, whether the relationship between university and industry is well constructed is
significant for a government’s policy implication. Borrowing an analogy previously presented
in the literature of Leydesdorff & Sun (2009), the relationship between parents is significant
before their child is shaped among family members. Therefore, when the relationship between
two agents is well established, the uncertainty of the third agent’s point of view is diminished.

Under this TH configuration, the possibility of decreasing uncertainty can be
measured by using mutual information with three or more dimensions (Leydesdorff & Sun
2009). Moreover, we can also measure the balance of the system between the integration and
differentiation of institutions in terms of the relative frequency of relations among partially
overlapping sets. In general, mutual information can be regarded as “information-theoretical
analogues of covariance,” where the covariance between two variances decreases both sides
of uncertainty (Leydesdorff & Sun 2009).

According to Shannon (1948), the uncertainty of variable x can be measured by using

the following equation:
H,=-Y pilogp, (1)

If its dimension is expanded into two, the uncertainty becomes two-dimensional as

follows:
Hy,=-% 3 pilogp, )
Then, transmission Txy , which is the mutual information between two distributions in
information theory, can be depicted as
I,=(H,+H)-H, 3)
When the distributions of variable x and y are independent of each other, 7' is equal
to zero, resulting in H ,=H +H . Otherwise, as T, is greater than or equal to zero,

resulting in H o S H +H , (Theil 1972).

All information can be fully decomposed, since it is also dealt with in Equations (1)
and (2). In addition, the logarithm in Equations (1)—(3) uses base two, resulting in all values

expressing pieces of information. Considering that Equations (1)—(3) show the formal



probability measure, the measure is independent of the size or any other empirical system
under study.
A previous study expanded this concept into three dimensions as follows (Abramson
1963):
I,.=H +H +H -H -H -H +H_ 4

2
Because we are interested in information in the university—industry—government
relationship, we can rewrite Equation (4) by using subscripts u, i, and g for the university,
industry, and government, respectively:
r,=H,+H+H,-H,-H -H, +H, (5)
The present paper examines Germany’s co-authorship networks to assess the degree
to which the collaboration between East and West has strengthened the country’s national
innovation system. Therefore, we investigate the (i) Eastern region, (ii) Western region, and
(iii) all of Germany. For the Eastern region, we consider four agents, namely university,
industry, the government of the Eastern region, and the Western region, regardless of the
institutional types in the West. For the Western region, the institutional agents under study are
university, industry, the government of the Western region, and the Eastern region, again
without distinguishing among institutions. Lastly, when the entire German innovation
network is under consideration, there are three dimensions, namely university, industry, and
government, with no regional distinction.
Therefore, when we investigate whether reunification has strengthened the Eastern
region of Germany by increasing collaboration with West German researchers, Equation (5)
must be expanded as follows (Leydesdorff & Sun 2009; Kwon et al. 2011; Sun et al. 2007),
using a subscript w to represent the West:
l,.=H,+H +H,+H,
-H, _Hig _ng -H,, _Hug -H,,
+H,+H, +H, +H,,
-H

(6)

uigw
Likewise, for the Western region, mutual information in this four-dimensional case is
captured as follows, where the subscript e represents the East:
T,..=H,+H+H,+H,
-H, _Hig _ng -H, _Hug -H,

(7)
+H,  +H, +Huge + H,-ge

uig

uige



Finally, we also use Equation (5) to investigate the entire German region.

3. Historical background

After the German reunification in 1990, the new national government strived to integrate the
two regions, investing 270 billion euro. However, considering the remaining economic gap
between East and West, more investment in the East is necessary to achieve full unification.
According to the Federal Ministry for Economic Affairs and Energy in Germany (BMWi), the
nominal GDP per capita of the former East Germany was 24,324 euro in 2014 compared with
36,280 euro in the West (BMWi 2015). In addition, DIW Berlin reported that productivity
and wages in the East are still only around 70% of those of the West (Eickelpasch 2015).

The German government has implemented various R&D initiatives and technological
programs in the former East Germany to bridge this regional gap and encourage economic
development in the region. The Federal Ministry for Economic Affairs and Energy and
Federal Ministry of Education and Research have operated most such programs, which can be
classified into three regimes: the first regime (1990-1997) restructured the old system to
boost its innovation potential, the second regime (1998-2006) built the new system to expand
the creation of new links among various innovation agents, and the third regime (2007—
current) stabilized the new system as well as expanded its boundary to all of Germany and
overseas to reinforce nationwide innovation capacity and use the outcomes of the innovation
system commercially (BMBF 2015; Giinther et al. 2010). Table 1 depicts these policy

programs that promoted the innovation capacity in the East and rebuilt the innovation system.



Regimel Regime 2

| Regime 3

Name of policy

AFO

AWO

PFO

MVI

FuE Sonderprogramm

INNO-WATT

Industrielle Vortaufforschung

InnoKomOst

IGF

ZFO

TOU

FUTOUR

BioRegio

BioProfile

Biolndustrie2021

Go-Bio

IFP

InnoMan

ForMaT

SINL

SpitzenclusterWettbewerb

Cio

Go-Inno

Zwanzig20

InnoRegio

IRW

WK Potenzial

InnovationsForen

ZIK

InnoProfile

FOKO

PROINNO

PROINNO Il

ZIM-SOLO

ZIM-KOOP

InnoNet

ZIM-NEMO

NEMO

EXIST

1990 | 1991 | 1992 | 1993 | 1994| 1995 | 1996 | 1997 [ 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 ; 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

AFO
AWO
PFO
MV
I—t FuE and Personal i
g INNO-WATT
| Industrielle Vortaufforschung
; : > InnoKomOst
IGF ;
ZFO :
TOU
L, FUTOUR
FUTOUR2000
BioRegio :
; BioProfile
: Biolndustrie2021
Go-Bio
IFP
InnoMan
ForMat
SINL
SpitzenclusterWettbewerb
ClOo
Go-Inno
Zwanzig20
InnoRegio ]
e IRW :
|—|—> WK Potenzial
NS InnovationForen
S ' ZIK
> ! _InnoProfile
FOKO :
PROINNO | H
—_ PROINNO Il
; ZIM-SOLO
—ie— ZIM-KOOP
InnoNet
ZIM-NEMO
NEMO
EXIST

Table 1 Policies that boosted innovation capacity and rebuilt the innovation system of East Germany (Yi 2015)




4. Empirical results

4.1 Data

Our dataset was collected from the Web of Science (WOS), mainly from the SCI web version

database. We selected all types of articles including journal articles, proceeding papers,

reviews, letters, news items, and book reviews from 1973 to 2014 if at least one author was

based in Germany.' In particular, we collected the author’s address, the number of citations

for each article, the fields of study, and the author’s institution. The number of published

papers we considered was 2,846,334. Table 2 shows the annual breakdown of our dataset.

Within-sectors

Between-sectors

Between Western sectors and East Germany

Year
1 G WG Ul UG 1G UIG U-WG I-WG G-WG UI-WGUG-WGIG-WGUIG-WG

1973 8.77 123 1.19 85.22 0.17 0.07 0.00 0.00 028 0.05 0.07 0.00 0.00 0.00 0.00 23433
1974 852 0.75 0.90 86.06 021 0.12 0.00 0.00 0.07 0.01 0.01 0.00 0.00 0.00 0.00 28121
1975  6.75 0.75 0.58 88.86 023 0.12 0.01 0.00 0.06 0.00 0.02 0.00 0.00 0.00 0.00 25847
1976 691 044 0.66 89.36 0.18 0.13 0.01 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 21885
1977 859 0.74 3.05 85.03 0.16 021 0.03 0.01 0.05 0.00 0.06 0.00 0.00 0.00 0.00 35961
1978 824 0.89 3.32 82.92 0.02 0.10 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 38519
1979  8.13 093 3.64 82.25 0.04 0.07 0.02 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.00 39520
1980 7.40 091 3.35 83.20 0.04 0.09 001 0.01 0.03 0.00 0.02 0.00 0.00 0.00 0.00 39687
1981 743 1.02 326 82.99 0.07 0.10 0.02 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 41906
1982 745 1.02 3.55 82.57 0.05 0.14 0.04 0.01 0.02 0.00 0.01 0.00 0.00 0.00 0.00 45325
1983 7.34 092 343 8292 0.09 0.16 0.03 0.01 0.02 0.00 0.01 0.00 0.00 0.00 0.00 46087
1984 7.09 0.66 3.47 83.35 0.06 0.15 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 46939
1985 6.95 0.68 3.47 83.35 0.07 022 0.03 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 48509
1986 6.82 0.54 346 83.46 0.07 022 0.02 0.00 0.05 0.00 0.03 0.00 0.00 0.00 0.00 48912
1987 636 0.54 3.19 84.18 0.07 021 0.05 0.01 0.06 0.00 0.04 0.00 0.01 0.00 0.00 51706
1988 6.97 0.52 3.15 83.21 0.03 0.19 0.04 0.02 0.09 0.00 0.04 0.00 0.00 0.00 0.00 49748
1989 12.64 140 4.62 73.38 0.14 035 0.04 0.02 0.07 0.00 0.03 0.00 0.01 0.00 0.00 46586
1991 9.86 148 2.71 74.55 0.11 0.12 0.01 0.01 0.77 024 037 0.02 003 0.00 0.00 49210
1992 832 1.55 2.53 76.41 0.07 0.10 0.03 0.01 093 027 053 002 002 0.00 0.00 49667
1993  7.75 1.62 247 77.56 0.09 0.15 0.02 0.00 099 029 055 002 005 0.01 0.00 52582
1994 822 140 245 77.88 0.07 0.15 0.02 0.01 1.12 021 049 0.01 0.08 0.01 0.00 59493
1995 841 144 2.72 77.10 0.10 023 0.02 0.00 1.35 029 049 002 0.12 0.01 0.00 65007
1996 9.18 1.35 2.78 76.25 0.10 026 0.03 0.01 140 026 053 003 009 0.02 0.00 69475
1997 9.59 127 299 75.75 0.16 034 005 0.01 1.79 038 0.64 004 0.15 0.01 0.00 77544
1998 9.92 1.04 298 77.55 025 0.57 0.08 0.03 273 046 1.00 0.07 0.18 0.02 0.00 81136
1999 10.09 1.06 3.19 76.82 024 058 0.08 0.03 295 046 1.08 0.05 021 0.02 0.01 82238
2000 10.10 1.11 3.48 76.27 028 0.63 0.06 0.03 3.03 048 1.15 0.08 022 0.03 0.01 83111
2001 10.09 1.09 3.69 75.76 024 059 0.09 0.03 322 051 122 009 023 0.02 0.01 83046
2002 1024 1.16 3.82 74.82 030 076 0.10 0.04 352 055 133 009 025 0.03 0.01 83895
2003 10.27 1.07 4.05 74.72 028 0.72 0.08 0.02 363 055 139 0.12 028 0.03 0.02 86080
2004 10.15 1.08 421 7422 026 0.80 0.10 0.03 383 054 149 0.10 033 0.04 0.01 92479
2005 1031 1.02 4.14 73.66 028 096 0.09 0.05 406 052 151 0.11 0.38 0.03 0.02 96341
2006 1022 094 435 73.83 028 099 0.09 0.04 410 051 151 0.12 040 0.04 0.03 100145
2007 1032 093 444 73.20 030 1.04 0.07 0.04 430 052 170 0.14 044 0.03 0.02 106775
2008 10.66 0.72 4.66 72.46 027 127 0.08 0.05 448 051 172 0.14 050 0.04 0.02 110585
2009 996 0.71 4.83 71.53 027 134 0.08 0.06 519 048 196 0.17 0.59 0.05 0.02 114691
2010 9.20 0.57 434 65.29 035 221 0.07 0.07 1038 0.62 212 040 155 0.05 0.07 116316
2011  9.18 0.65 4.95 72.20 022 1.65 0.08 0.05 456 049 213 0.13 0.66 0.05 0.02 122560
2012 9.20 0.64 5.03 71.96 021 1.82 0.06 0.07 461 054 2.04 0.13 0.74 0.06 0.03 126202
2013  9.18 0.61 4.89 72.25 023 1.85 0.08 0.06 447 051 212 0.13 0.84 0.06 0.04 129613
2014 896 0.65 498 71.97 024 205 0.08 0.07 452 054 216 0.14 0.89 0.05 0.04 129452
2846334

Table 2 (a) Percentages of East German articles in WOS, including West Germany

' We use information on the affiliation of each publication to classify the institution. After ignoring
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Within-sectors Between-sectors Between Western sectors and East Germany
1 G EG Ul UG IG UlG U-EG I-EG G-EG UI-EG UG-EG IG-EG UIG-EG

Year

1973 59.69 7.80 12.12 10.11 061 195 0.16 0.03 0.12 001 0.02 0.00 0.00 0.00 0.00 23433
1974 5778 6.87 11.22 13.44 071 223 0.15 0.03 0.07 001 0.01 0.00 0.01 000 0.00 28121
1975 59.64 6.87 12.10 10.84 098 255 0.19 0.05 0.12  0.00 0.02 0.00 0.00 0.00 0.00 25847
1976 62.09 6.44 1220 10.45 1.03 264 0.16 0.04 0.08 000 0.01 0.00 0.00 000 0.00 21885
1977 56.48 7.40 11.08 14.47 090 1.75 0.14 0.03 0.07 001 0.02 0.00 0.00 0.00 0.00 35961
1978 5449 793 1122 1442 035 070 0.04 0.01 0.02 000 0.00 0.00 0.00 000 0.00 38519
1979 5484 7.17 10.88 14.75 041 076 0.06 0.02 0.02 000 0.01 0.00 0.00 0.00 0.00 39520
1980 5538 6.33 12.15 13.53 036 092 0.06 0.00 0.03 001 0.00 0.00 0.00 000 0.00 39687
1981 5520 6.52 11.72 13.46 0.41 088 0.06 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 41906
1982 5496 6.85 11.12 13.95 043 086 0.07 0.05 0.02 000 0.00 0.00 0.00 000 0.00 45325
1983 55.62 6.77 11.38 13.25 056 099 0.07 0.05 0.02 000 0.00 0.00 0.00 0.00 0.00 46087
1984 5559 6.88 11.63 12.53 0.60 1.14 0.09 0.04 0.02 001 0.01 0.00 0.00 000 0.00 46939
1985 5630 6.38 11.30 12.58 063 1.12 0.08 0.04 0.02 0.00 0.01 0.00 0.00 0.00 0.00 48509
1986 5595 6.39 11.24 12.28 071 127 0.10 0.06 0.03 001 0.01 0.00 0.01 000 0.00 48912
1987 5627 6.29 11.88 11.58 083 1.44 0.11 0.07 0.06 001 0.01 0.00 0.00 0.00 0.00 51706
1988 5538 6.97 11.69 11.75 0.77 142 0.10 0.06 0.09 001 0.00 0.00 0.01 000 0.00 49748
1989 5550 7.05 12.42 10.36 087 1.44 0.14 0.07 0.08 0.00 0.02 0.00 0.00 0.00 0.00 46586
1991 50.75 6.36 11.24 1554 080 132 0.14 0.06 077 0.13 0.11 0.04 0.05 0.01 0.00 49210
1992 5239 5.71 11.77 13.31 083 1.55 0.11 0.06 1.10  0.11 0.18 0.03 0.10 0.01 0.01 49667
1993 5336 5.18 11.68 12.47 082 1.63 0.13 0.04 1.09 0.14 022 005 0.14 0.00 0.01 52582
1994 5399 4.52 10.89 13.10 070 1.60 0.10 0.05 122 012 026 005 0.13 0.01 0.01 59493
1995 53.56 432 10.63 13.87 078 1.74 0.11 0.05 1.54 016 027 0.07 0.16 0.00 0.01 65007
1996 53.64 3.84 10.42 14.72 070 195 0.13 0.05 1.61 0.16 030 0.06 0.15 0.00 0.01 69475
1997 5335 3.65 1036 15.54 0.88 208 0.13 0.07 204 023 046 007 020 0.02 0.02 77544
1998 53.73 3.22 10.02 16.41 132 331 019 0.11 310 031 059 0.14 027 0.01 0.02 81136
1999 5312 3.12  9.96 16.69 1.38 324 023 0.09 318 031 073 0.5 033 002 0.01 82238
2000 52.68 3.09 10.00 17.14 1.38 325 022 0.10 346 031 071 0.13 033 0.03 0.02 83111
2001 5221 322 9.72 17.36 1.60 351 022 0.15 367 035 068 0.15 036 003 0.03 83046
2002 51.34 328 9.72 17.74 1.67 348 026 0.16 398 040 070 0.17 039 0.03 0.03 83895
2003 S51.14 337 9.63 17.83 1.73 363 023 0.16 401 041 073 023 046 003 0.03 86080
2004 50.46 347 9.61 18.08 1.65 3.61 020 0.16 427 045 082 021 048 0.03 0.03 92479
2005 49.53 349 9.50 18.49 1.63 396 023 0.18 443 044 085 024 055 0.03 0.04 96341
2006 49.57 3.19 9.38 18.54 1.68 420 023 020 456 040 0.84 026 054 0.03 003 100145
2007 4891 3.18 9.16 18.81 1.70 411 023 0.19 478 047 085 025 061 0.03 005 106775
2008 48.66 296 9.02 19.06 1.71 462 020 021 482 044 091 031 0.68 0.04 006 110585
2009 48.15 3.01 8.90 18.52 1.83 510 027 028 517 048 096 033 0.81 0.05 0.08 114691
2010 47.06 270 835 16.29 226 7.2 030 036 688 046 097 044 120 0.04 0.09 116316
2011 46.49 286 9.96 18.36 1.79 573 025 025 531 047 1.10 040 092 005 0.07 122561
2012 4648 2.86 9.70 18.40 1.74 6.05 030 032 532 047 1.08 037 093 005 0.09 126202
2013 4623 2.74 991 1821 1.74  6.63 028 029 525 044 1.10 040 1.06 005 0.09 129613
2014 4593 279 9.89 18.21 1.77 695 025 036 531 045 1.15 038 1.14 0.06 0.11 129452

2846335

Table 2 (b) Percentages of West German articles in WOS, including East Germany
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As shown in Table 2 (b), the majority of research articles were published in West
Germany during our study period. However, in the post-reunification period, the percentage
of East German articles, regardless of their collaboration partners (i.e.,
EG+1-EG+G-EG+UIl-EG+UG-EG+UIG-EG), increased from 14.9% in 1994 to
26.8% in 2014.
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7 — Total
QD 1.0x10* 4 —— University
._g . — Industry
& 0.8x10" 4 —— Government
[T
O 0.6x10*
}
Q
O 0.4x10*
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Year

Figure 1 Number of research articles for all of Germany

Figure 1 shows that universities played a central role in research publications,
followed by the government and industry. However, as depicted in Table 2 (b), while the
percentage of university-published articles incorporating all types of collaborators in West
Germany was rather stable throughout the study period, the number of articles published by
universities alone decreased from 57.8% in 1974 to 45.9% in 2014, suggesting an increase in
universities’ collaborations with other institutions. In the case of the East, the percentage of
university-published articles incorporating all types of collaborators grew over time, while the
percentage for universities alone was stable owing to an increase in collaborations with other
institutions, notably those in the West. Although the percentage of collaborations with East
Germany was also growing over time in the West, considering that the majority of articles
were published in West Germany, the change in universities’ collaborations with other
German institutions was more remarkable in the East. In addition, the role of the government
in East Germany was noticeable compared with that in the West. The ratio between university
alone and government alone remained at only 4 to 5 in the West, whereas it decreased from

9.5in 1974 to 1.8 in 2014 in the East, implying that the role of government has grown over

11



time. This change might result from the fact that when the German government tried to
restructure the science and technology system after the reunification in 1990, this process
focused on the Eastern system with governmental research institutes often merging with
universities to strengthen their research capabilities. Moreover, Unternehmen Region, which
has been main policy program for strengthening research capability of industry-university
network in East Germany, has contributed to this change after its implementation in 2000.
According to Meske (2004), the science and technology system of socialist states including
East Germany is a technology push-type linear innovation system. Such a system focuses its
research resources on basic and strategy-related research as well as defense technology,
mainly provided by the Germany Academy of Science. Given that universities typically focus
on training students, and that corporations in industry side are mainly interested in achieving
production goals, research and innovation activities are therefore vulnerable and deficient in
cooperation between industry and university. Thus, after the reunification, the research
capability of universities and industry in the East German region changed markedly. In
particular, the activities of university—industrial networks and international cooperation
increased, being strengthened through the transformation of the system.

After the reunification, the national innovation system of the East German region
switched to a new system as research by the East German government alone and by
universities alone significantly decreased below that in the West German region. In particular,
the strengthening of the research capacity of universities shows that it developed greater
cooperation with governmental research institutes. In other words, East German universities
strengthened their basic research through structural adjustment policies, and industrial
innovative capacity also increased because of the Unternehmen Region policy. Both policies
exploit cooperation with the government or strengthen networks as a major policy instrument.

As a result, the research ratio of universities alone significantly decreased.

12
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Figure 2 The number of collaborations in East Germany with (a) two-dimensional cases and
(b) three-dimensional cases; the number of collaborations in West Germany with (a) two-

dimensional cases and (b) three- and four-dimensional cases

The left-hand side of Figure 2 shows the number of collaboration types in East
Germany with West Germany, while the right-hand side is that of West Germany.
Collaboration between the two regions was rarely observed before the reunification in 1990,
whereas this number soared after the reunification. Moreover, universities played a significant
role as a collaboration partner in every dimensional case, in terms of quantity, followed by
industry and government. Regarding the gap between university and others, the share of
universities in all dimensional cases in West Germany was prominent compared with the East.

In Figure 2, we can observe one peak in 2010 owing to a published paper written by a
researcher who belonged to a hospital. This study classifies university hospitals as
universities and other hospitals as either industry or a governmental research institute. When
we extract all types of hospitals as an independent category, this peak disappears. In other

words, hospitals are likely to publish papers that have a large number of co-authors.
4.2 Results of the TH model

4.2.1 Has the German reunification strengthened East/West German innovation

systems?
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Figure 3 Mutual information in the two-dimensional and three-dimensional cases for East

and West Germany

As shown in Figure 3 (a), the transmission values in the two-dimensional case
showed an increasing trend for the East but a decreasing trend for the West. Therefore,
regarding  university—industry,  industry—government, and  government—university
collaborations without other German regions, the synergy effect of networks rose in the East
and fell in the West. However, while this change was prominent in the university—industry
relationship, the transmission value of the industry—government relation in the East slightly
increased and that of the West rapidly decreased in the 1990s. The industry—government
relationship showed an increasing trend in the East with fluctuations over time, while it was
stable with a low value in the West. Overall, if considering only two-dimensional
collaborations in each region, the transmission value grew in the East and declined in the

West, reflecting that each innovation system improved in the East and worsened in the West.
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However, considering that, as shown in Table 2 and Figure 1, the number of two-
dimensional collaborations in each region increased after reunification, the quality of these
did not always correspond with this quantitative change. Figures 3 (b) and (c) show the
worsening network effect in the two- and three-dimensional cases.” Exceptions include the
relationships between each government and the other regions, such as West and the East
government and East and the West government. In other words, the synergy effects of
networks only improved when the government supported interregional relations by building a
relevant network structure or improving the innovation system.

Regarding the network effect in three-dimensional cases in the East, as seen on the
left-hand side of Figure 3 (c), the transmission value, reflecting the university, industry, and
West Germany relationships, increased gradually with a negative sign, reaching zero around
the mid-2000s and increasing its absolute value with a positive sign thereafter. Regarding the
same composition and dimensional cases for the East (i.e., university, East government, West
Germany), the value was stable until 2010 with a negative sign, changing to a positive sign
thereafter. The change in sign and increase in the positive value after the change implies that
the innovation systems in each region for the three-dimension cases (UIW and UIE) were not
well established, or rather worsened over time.

When we compare the two- and three-dimensional cases, namely UIW/UIE and
UGW/UGE, the latter show better value in terms of the synergy effect of networks measured
as transmission values (i.e., a higher absolute value with a negative sign). Therefore, although
the networks of each region in the three-dimensional cases (i.e., including other regions) lost
synergy after the reunification in general, the government played a critical role in systemizing

these three-dimensional networks.

4.2.2 Has the German reunification strengthened the national innovation system of

Germany?

>In the two-dimensional cases, a positive sign and an increasing absolute value signifies an
improvement of the network effect. By contrast, in the three-dimensional case, an increasing absolute
value with a negative sign means an improvement.
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Figure 4 The transmission values in the two-dimensional and three-dimensional cases for

Germany

When investigating the transmission values of the two- and three-dimensional cases
for all of Germany, we find a decrease in transmission values for the former case and an
increase in transmission values for the latter case, implying that innovation networks lost their
positive effect. Considering that the number of publications and collaborations soared after
the reunification, this result is different to our expectations. We can conclude that the
innovation networks of Germany have worsened over time in terms of the synergy effect of

university—industry—government networks.

5. Robustness check
By way of a robustness check, we reclassify the TH model into three configurations based on
the various institutional arrangements of university—industry—government relations with

respect to policy perspectives. These are labeled THI for government-controlled relations,
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THII for the laissez-faire model, and THIII for the ideal model with overlapping institutional
spheres, as depicted in Figure 5 (Etzkowitz & Leydesdorff 2000b). For example, we can
observe THI in the former Soviet Union, while THII was implemented to give a shock to
society as a remedy after abolishing THI. Most countries nowadays aim to build the THIII
model as the ideal system configuration by encouraging the establishment of university spin-

off firms, strategic alliances among firms, government laboratories, and so on.

THI THII TH III

.
. . | \

’ \
‘/ \‘

Figure 5 TH configurations (Etzkowitz & Leydesdorff 2000a)

However, have the policy goals of the German government been implemented in
practice? After the reunification in 1990, the German government tried to restructure the
science and technological system of East Germany that consisted of industry, university, and
governmental research institute. In the course of this restructuring, two governmental
organizations were involved to control this process: the German Council of Science and
Humanities (Wissenschaftsrat) and the trust organization (Treuhandanstalt). The council was
responsible for the rearrangement of university and governmental research centers, while the
trust organization was in charge of restructuring firms and industries. The council aimed to
equalize the research environment of the East with that of the West as well as internationalize
the research capability in the East and fortify basic science by merging universities and
governmental research institutes. On the contrary, the goal of the trust organization was to
privatize Eastern firms in order to increase their market competitiveness, preserve the number
of jobs, and create a reunification fund through the privatization of firms. For firms in the
East, a failure to privatize meant an exit from the market.

To investigate the configuration currently in place in post-reunification Germany, we

surveyed 221 scientists and engineers from either the former East Germany or current East
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German regions. Before the survey, we contacted all potential respondents and then surveyed
only available respondents, which included 221 scientists and engineers. All participants had
at least a Master’s degree including a Diplom degree of the German education system. We
looked for scientists or engineers who started their careers in former East Germany before the
reunification, regardless of their current addresses, or those currently working in a university,
industry, or government position in the East with experience of the governmental support

program. Table 3 presents the sample breakdown.

University Industry Governme Total
nt

Scientists/engineers who started their

40 17 29 86
careers in the East before 1990
Scientists/engineers who started their

9 3 19 31
careers in the West before 1990
Scientists/engineers who started their

32 22 50 104
careers after 1990
Total 81 42 98 221

Table 3 Sample by institution and career start date

The questionnaire of survey includes 72 questions on the national innovation system
of the reunified Germany. However, this paper focuses only on two questions related to the
TH model: 1) For the process of technological progress and development of capabilities in the
former East Germany, which institutional configuration was used between 1990 and 1997 and
2) For the process of technological progress and development of capabilities in the former
East Germany, which institutional configuration is most relevant? The questionnaire is

presented in the Research Gate® and Table 4 presents the survey results.

3 Available at https://www.researchgate.net/profile/Bogang_Jun
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Q1 THI THI TH III NA Sum

Respondents 68 79 40 34 221
(Ratio) 30.77% 35.75% 18.10% 15.38% 100%
Q2 TH 1 TH II TH 111 NA Sum
Respondents 20 46 130 25 221
(Ratio) 9.05% 20.81% 58.82% 11.32% 100.00%

Table 4 Results of the survey on the TH model used in the former East Germany

As shown in Table 4, 35.75% of respondents chose TH II for Q1, suggesting that the
laissez-faire model was dominant in the former East Germany between 1990 and 1997,
followed by TH I (30.77%), which was the government-dominated model. This finding
suggests that the reunification was unanticipated in Germany (Bach & Trabold 2000).
Industries in the East dismissed a number of R&D personnel to make savings after the
reunification without guidance from the government (Meske 1993). As Meske (1993) stated,
although the restructuring of the East innovation system “aim[s) to create an integrated
research system in a unified Germany,” in the agreement between West and East Research
Ministers in July 1990, the course of restructuring led to increasing unemployment among
researchers, especially in uncompetitive fields. At the same time, 30% of respondents chose
TH I because the restructuring of the East German innovation system was basically conducted
by the government (Meske 1993). Moreover, because East Germany was under socialism at
that time, the strong version of model TH I was installed before the reunification (Etzkowitz
& Leydesdorff 2000a).

By contrast, as shown in Table 4, for Q2, over half of respondents (58.82%) chose
TH III, suggesting that the ideal model is the most relevant for technological progress and
strengthening capabilities in the former East Germany. After the reunification, the R&D
personnel in the innovation system experienced a laissez-faire model on the one hand and
dominant government model on the other hand, mainly because the unification was
unanticipated and Germany was unprepared for it. Therefore, although some restructuring
was carried out under the governmental control, the majority of R&D personnel felt

abandoned by the laissez-faire government.

6. Summary and conclusion
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Although the reunification of Germany in 1990 was a historic event, the convergence costs
between West and East, especially those spent to reduce the gap in economic development,
have been vast. Among other policy initiatives, the German government has strived to bridge
the gap between the two regions by building an innovation system that encourages
interregional research collaborations given that knowledge is the main input in a knowledge-
based economy. A well-constructed network that creates new knowledge can thus boost
regional integration.

In this paper, we examined whether the German reunification strengthened the
country’s national innovation system by encouraging knowledge creation and diffusion. We
assessed the various dimensions of the national innovation system by analyzing co-authorship
networks using the TH model. The presented results show that the innovation system of all of
Germany worsened after the reunification. Further, the network’s positive effect generally
declined over time in both East and West regions, except for the two-dimensional university—
industry relationship in the East and that between the government and the other region of
Germany in the East and West. Moreover, although we found an increase in the number of
publications and collaborations between the two regions, the quality of the innovation system
did not rise in line with this quantitative change; indeed, only when the government
participated in these collaborations did the innovation network improve. Finally, this study
also investigated surveyed data as a robustness check, finding that the ideal TH configuration
in the post-reunification period was not implemented to restructure the innovation system in
East Germany, and although some restructuring of Eastern system was carried out under the
governmental control, the majority of R&D personnel in East Germany felt abandoned by the

laissez-faire government.
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