
Lothar Krempel 

Big Sc ie nee and the State in 
Germany: Networks in the 'IRON 
CAGE' 

Change and Isomorphism of Organizations 

Various organizational fonns have evolved in the 
Gennan science sector. In order to ensure high 
productivity, portions of the Gennan science 
system has experienced fonnal organizational 
independence. In the case of the subsector of big 
science centres, independence was introduced to 
promote a balanced influence of state, research 
and industry. 

The objective of research policy is to solve 
tomorrow's problems today. This involves two 
successive steps: anticipating the right problems, 
and generating results designed to solve these 
problems. While the fonner is the question of 
what to study, the second is the question of how 
to study. The discussion of both questions has 
always been accompanied by questions of organi
zation. In this context, the big science system is 
characterized by the fact that the question what to 
study is decided on the govemmental level, while 
how to study falls mainly within the realm of 
responsibility of the research organizations. 

There are two lines of theoretical arguments 
and empirical results which add to our under
standing of the relationship between govemment 
and Big Science Centres in Gennany. Strong 
interorganizational dependencies can foster 
increased similarity among organizations (,struc
tural isomorphism). In the absence of clear per
fonnance criteria, such organizations are forced to 
spend considerable effort legitimating themselves 
according to societal nonns and values, whereas 
the factors of resource dependence and organiza
tional density in a given environment are strongly 
related to the long tenn development of organiza
tions. Growth or decline of organizations depend 
on their use of interorganizational relations in 
coping with resource uncertainties. 
What makes the study of the big science system 
especially interesting is that it is characterized 
by both driving forces . The establishments in the 
big science sector (in contrast to the other sec
tors) receive their institutional funding 
according to their participation in the various 
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research activities of the Federal Ministry of 
Research and Technology (BMFT). Because there 
is considerable overlap in research activities, this 
funding procedure introduces the element of inter
organizational competition for funds into this 
system. 
State-sponsored research organizations differ from 
commercial organizations in various ways: 
- Financial supply as input is controlled, more or 

less monopolistically, by govemment agencies 
acting as owners of research organizations. 

- Criteria of organizational success are less evi
dent than in market settings. Evaluation of 
scientific efficiency is vague. Peer evaluation 
among scientists is a frequently used substitute 
for other indicators. 

- Instead of market success of goods from com
mercial organizations, scientific results of these 
institutions must meet govemment detennined 
standards and procedures. The evaluation of 
their efficiency is a highly intervowen process 
of interorganizational and scientific relations in 
the research sector. 

In this article an attempt is made to understand 
the inherent tendencies of the big science sector; 
analyzing how organizational growth is related to 
govemmental control as mediated by the intemal 
structure of the research sector (see Figure 1). 
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Fig. I. Structural Covariates of Organizational 
Growth 

Advances in the methodology of studying so
cial structures, together with accessabie infonna
tion about research organizations, their environ
ment and interlocks, are a good starting point for 
a detailed analysis of the input dependencies of 
such a system. It mayalso help to reveal how 
organizational change occurs in such systems. 

While the immediate aim is to understand some 
of the mechanisms and consequences of govem
ment activities in the system under study, the 
general interest is to fill the gap, on an empirical 
level, between two lines of ecological organiza
tion theory on an empirical level; although this 



still only draws a coarse picture of organizational 
development. 
To understand change we must take into account 
the input dependencies of the system, organiza
tional competition and cooperation among the 
organizations, as weil as other sources of coor
dination extemal and intemal to the environment. 

In the following sections an overview is given 
of the institutional design of the Gennan science 
system as an outer system to the subsector of Big 
Science Centers. Subsequently, an analysis will he 
made of the various structures of this system and 
their development and dependencies through time. 
Finally, a multivariate analysis is made, modeling 
organizational growth over a period of ten years, 
and evaluating the competing explanatory power 
of our structural explanations. 

The Outer System: Big Science Centers anti 
Government sponsored Research in Germany 

Science promotion in Gennany falls within both 
the responsibility of the Federal Govemment 
(Federal Ministry of Research and Technology, 
Federal Ministry of Education and Science) and 
the Länder govemrnents. While each has its own 
research establishments (Bundesforschungs
anstalten, Landesforschungsanstalten), all major 
science organizations fall under the joint respon
sibility of the federal and the Länder govem-
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ments. In this respect the Buntl-Läntler Commis
sion (BLK) plays an important role. Of central 
interest here are four groups of research organiza
tions (dashed box) : the Max Planck Society 
(MPG) conducting basic research, the Big Science 
Centers (GFE) implementing large-scale techno
logical projects, the Fraunhofer Society (FHG) 
doing applied industrial research and the Bund
Länder Research Establishments (BL); a group of 
48 research institutions with more than regional 
significance - the so called 'Blue List'. 

As is shown in figure 2, there are 8 institutions 
which report to the 'Bund-Länder' Commission. 
Two committees are involved in planning for the 
future: the Science Council (Wissenschaftsrat), the 
'West Gennan Conference of University Rectors' 
(WRK). The Gennan Research Association (DFG) 
provides project funding mainly for universities. 
Four large groups of organizations carry out re
search: the Max Planck Society (MPG), the Big 
Science Establishments (GFE), the Bund-Länder 
Research Establishments (BL), and the Fraunhofer 
Society (FHG). 

Science promotion in the Ministry for Research 
and Technology is oriented to five main objec
tives: 
- safeguarding material resources; 
- maintaining and increasing industrial competi-

tiveness; 
- improving living and working conditions; 
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Fig. 2. Research Organization and Science Promotion in the FRG 
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- modemizing and improving public infrastructure 
and services; 

- basic research. 
There are fifteen promotion activities subsumed 
under these main research objectives; all of which 
are affected by changing priori ties at the minis
terial level (see Figure 2.). 

Different modes of funding exist for each of 
the research sectors: the MPG receives a com
plete institutional funding (50% federal, 50% 
Länder) with full autonomy conceming research 
topics in basic research. The FHG, conducting 
applied industrial research, receives project fund
ing for each research contract established with 
industrial partners (50% from the federal govem
ment) . Funding for the GFEs is legitimated ac
cording to specific priority program mes of the 
govemment (90% federal, 10% from the Land in 
which the establishment is located). It is based on 
bilateral negotiations between each organization 
and the govemments involved. 
The development of funding the 'outer system' of 
big science establishments is an important con
straint to its development and helps us to under
stand what happens inside this subsystem. It also 
shows how centra I the big science sector is and 
how important any development in this subsector 
is for different interest groups. 

These developmental trends have to be taken 

into account when explaining differential growth 
inside the subsystem on the basis of its intemal 
structure. This, of course, reflects the synchronous 
conditions of the outer system. 

Table 1 shows that approximately 50% of the 
total institutional funds for the science sector are 
allocated to big science centres; the remainder is 
divided between the DFG (20%), MPG (17%), 
the BL institutes (9%) and FHG (4%). 
There is growth (in real terrns) in all five subsec
tors (compared to the inflation rate of (1975-1985 
- 141%). Looking at the growth of the subsectors 
indicated in Table 2, we find the strongest growth 
in the FHG (443%), followed by the BL-Institutes 
(243%) and then the big science establishments 
(201%). The distribution of shares held by these 
organizations is fairly stabie over time. 

Except for the FHG - which despite its strong 
growth still gets the smallest share of all, the 
BL-institutes and the big science establishments 
yield above average growth. Even though big 
science already is the largest subsector, it has, 
nevertheless, managed to increase its share of 
institutional funding. This iIIustrates that the inter
nal distribution of funds in the big science sector 
is far from being a zero-sum situation; there is 
still room for real organizational growth without 
intemal consequences. The characteristics of the 
intemal organizational environment are thus re-

Shares of institutional funding provided by the federal and Länder governments 
for jive sectors of the publicly sponsored research system over time. 

(abs): absolute terms in million marks; (share): share of total for the year 

MPG FHG GFE BL 
abs share abs share abs share abs share 

1975 459.2 17.92 42.7 1.67 1272.7 49.67 192.8 7.52 
1976 489.6 17.93 45.3 1.66 1368.4 50.10 207.3 7.59 
1977 517.3 18.37 51.8 1.84 1362.9 48.40 235.6 8.37 
1978 548.3 18.06 54.1 1.78 1486.0 48.94 263.9 8.69 
1979 .. .. .. .. .. .. . . .. 
1980 .. .. .. .. .. .. .. . . 
1981 687.0 19.43 138.2 3.91 1798.8 50.87 360.0 10.18 
1982 714.2 19.51 149.9 4.09 1823.7 49.82 395.6 10.81 
1983 737.0 18.64 165.8 4.19 2025.6 51.24 427.2 10.81 
1984 .. .. .. .. .. .. .. .. 
1985 787.4 17.59 152.7 3.41 2187.7 48.88 401.4 8.97 
1986 816.4 17.30 155.1 3.29 2355.4 49.91 432.1 9.16 
1987 863.4 16.93 189.3 3.71 2555.1 50.11 469.6 9.21 
based on: Bundesforschungsbencht 1979, 1984, 1989 

Table 1. The Outer System: Shares of Funding (1975-1987) 
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DFG TOTAL 
abs share TOTAL growth 

595.0 23.22 2562.4 100 
620.7 22.73 2731.3 106.59 
648.3 23.02 2815.9 109.89 
684.3 22.54 3036.6 118.51 

. . .. . . .. 

.. . . .. . . 
552.2 15.62 3536.2 138.00 
577.4 15.77 3660.8 142.87 
597.4 15.11 3953.0 154.27 

.. . . .. .. 
946.9 21.15 4476.1 174.68 
960.0 20.34 4719.0 184.16 

1021.6 20.04 5099.0 198.99 



Growth of institutional funding through the Federal and Laender Governments 
for Jive sectors of the public sponsored research system. 

(abs): absolute terms, (growth): sectoral growthrates (1975 = 100 %). 

MPG FHG GFE BL DFG TOTAL 
abs growth abs growth abs growth abs growth abs growth abs growth 

1975 459.2 100 42.7 100 1272.7 100 192.8 100 595.0 100 2562.4 100 
1976 489.6 106.62 45.3 106.09 1368.4 107.52 207.3 107.52 620.7 104.32 2731.3 106.59 
1977 517.3 112.65 51.8 121.31 1362.9 107.09 235.6 122.20 648.3 108.96 2815.9 109.89 
1978 548.3 119.40 54.1 126.70 1486.0 116.76 263.9 136.88 684.3 115.01 3036.6 118.51 
1979 .. .. .. .. .. .. .. .. .. .. .. .. 
1980 .. .. .. .. .. .. .. .. .. .. .. .. 
1981 687.0 149.61 138.2 323.65 1798.8 141.34 360.0 186.72 552.2 92.81 3536.2 138.00 
1982 714.2 155.53 149.9 351.05 1823.7 143.29 395.6 205.19 577.4 97.04 3660.8 142.87 
1983 737.0 160.50 165.8 388.29 2025.6 159.16 427.2 221.58 597.4 100.40 3953 154.27 
1984 .. .. .. .. .. .. .. .. .. .. .. .. 
1985 787.4 171.47 152.7 357.61 2187.7 171.89 401.4 208.20 946.9 159.14 4476.1 174.68 
1986 816.4 177.79 155.1 363.23 2355.4 185.07 432.1 224.12 960.0 161.34 4719 184.16 
1987 863.4 188.02 189.3 443.33 2555.1 200.76 469.6 243.57 1021.6 171.70 5099 198.99 
based on: Bundesforschungsbencht 1979, 1984, 1989 

Table 2. The Outer System: Growth in five Sectors (1975-1987) 

lated more to the maximization of growth than to 
organizational survival. For the latter one 
could expect the organizational environment to be 
of greater relevanee than is reported in the latter 
sections of this paper. 

Big Science Centers 

There are twelve organizations in the group of 
big science establishments. These are listed ac
cording to the year in which they were estab
lished and their main objectives of research. The 
number of employees in the years 1975, 1980 
and 1985 is also provided. UntiI the end of the 
sixties there was some variety in the organiza
tional design of the various big science establish
ments. In 1968 a genera I organizational layout for 
the institutes was proposed: 
- To guarantee state influence to ensure control 

of proper spending of funds; 
- encourage cooperation between state, science 

and industry; 

- increase responsibility of the research organiza-
tions themselves. 

Procedures have been established for more effec
tive monitoring of the in- and output of big 
science establishments; documented by two offi
cial reports of the federal government, in 1984 
and 1986. Output control uses mainly peer eval
uation of scientists as a tooI of efficiency control. 
A typical organizational layout contains at least 
three boards in addition to the director of the 
organization: 
. A board of trustees in which half of the seats 

are usually reserved for the Ministry of Re
search and Technology and the representatives 
of the Länder-govemment. The director of the 
organization reports to this board. 

- A scientific advisory board, made up of exter
nal scientists, which reports to the director of 
the organization. A second scientific committee 
in which scientists of the organization are rep
resented. 

Big Science Centers 

There are twelve organizations in the group of Big Science establishments. These are listed according to 
the year in which they were established and their main objectives of research. The number of employees 
in the years 1975, 1980 and 1985 is also provided. 
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Organization Main Fields of Research Employees 

1956 Fast breeders, separation nozzle process, 
Kemforschungszentrum reprocessing and waste disposal of nuclear 
Karlsruhe GmbH (KfK) fuel s, nuc1ear safety, nuclear safeguards, 
(Karlsruhe Nuclear cryogenic engineering, fusion reactor 
Research Centre) technologies, data processing and Systems 
Postfach 3640, 7500 analysis, basic research, nuclear test methods 3,214 
Karlsruhe 1 for industrial applications, Operation of 3,336 

test facilities in semitechnical size. 3,953 

1956 High temperature reactors, reprocessing, 
Kemforschungsanlage process heat, fusion reactor technologies, 
Jülich GmbH plasma physics, solid state research, 
(KFA) materials research , basic nuc1ear research, 3,379 
(Jülich Nuclear Research life sciences, environmental protection and 3,497 
Establishment) safety research. 4,575 
Postfach 1913, 5170 

1956 Desalination and sea water chemistry, ocean 
G KSS-Forschungszentrum technology and environmental research. 585 
Geesthacht GmbH Nuclear ship propulsion systems, engineering 593 
(GKSS Research Centre) materials technology, reactor safety research. 731 
Postfach 1160, 2054 
Geesthacht-Tesperhude 

1957 Nuclear, atomie and heavy ion physics, 
Hahn-Meitner Institut für radiation chemistry and photo chemistry, 
Kemforschung Berlin GmbH solid state research, problems of 
(HMI) materials in various technological 
(Hahn Meitner Institute applications, bio-medicine, geochemistry, 485 
of Nuclear Research) computer networks and process con trol 496 
Glienicker Stro 100, applications. 730 
1000 Berlin 39 

1959 Basic research in subnuclear physics 
Deutsches Elektronen- (elementary particIe physics) by means of 
Synchrotron an electron accelerator and storage rings. 
(DESY) Use of synchrotron radiation in solid state 
(German Electron physics and molecular biology. Problems of 1,041 
Synchrotron) handling vast amounts of computer data and 1,046 
Notkestr. 85, pattem recognition. 1,228 
2000 Hamburg 52 

1960 Experimental pasma physics, production 
Max -Planck -Institut heating and confinement of plasma, surface 
für Plasmaphysik physics, plasma theories, magnetic fields 
([PP) techniques and determination, fusion 916 
(Max Plack Institute reactor technology, Systems analysis, 915 
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for Plasmaphysics) dataprocessing. 1,050 
8046 Garching bei München 

1960 
Gesellschaft f. Strahlen- Environmental research, health prophylaxis 
und Umweltforschungs mbH development of new technologies in 1,179 
(GSF) (Radiation and biomedicine, data processing in medicine, 1,154 
Environmental Research final disposal of radioactive wastes. 1,509 
Corporation) Ingolstädter 
Landstr.l, 8042 Neuherberg, 
Post Oberschleissheim 

1964 Cancerogenic factors and environmentaI 
Deutsches Krebsforschungs- carcinogens, mechanisms of cancer genesis, 
zentrum diagnosis and early diagnosis of cancer 754 
(DKFZ) diseases, therapy of cancer diseases, 711 
(German Cancer Res.Centre) biological research on tumor therapy. 1,170 
Im Neuenheimer Feld 280 
6900 Heidelberg 

1968 Application-oriented basic research as weil 
Gesellschaft für Mathematik as applied R&D in information technology for 
und Datenverarbeitung mbh organizations, mainly in the public sector 
(GMD) (planning, administration and jurisdiction) ; 
(Mathematics and Data analysis and prognostics of technological 
Processing Research developments and trends in applications of 
Corporation) information technology; research into socio-
Schloss Birlinghoven economic effects of dp-applications; 611 
Postfach 1240, 5205 St. promotion of standardisation in information 608 
Augustin 1, formerly: technology; socioeconomic modeis. 781 
1962: DRZ, Darmstadt 

1969 Aeronautical and space technology, transport 
Deutsche Forschungs- und and communications systems. 
Versuchsanstalt für Raum- Remote sensing technology. Energy technology 
fahrt e.V. (DFVLR) and other advanced technologies. 
(German Aerospace Res. Operation of major test and operations 3,228 
and Testing Institute) facilities for aeronautical and space 3,162 
Linder Hhe technology. Project management. 3,694 
5000 Köln 90 (Köln-Porz) 
formerly: 1907: A V Berlin, 
1912: DVL Berlin, 
1936: DFL Braunschweig 

1969 Research on heavy ions in nuclear physics, 
Gesellschaft für Schwer- atomic physics, nuclear chemistry, solid 448 
ionenforschung mbH (GSI) state research, radiation biology by 458 
(Heavy Ion Research Cor- means of heavy-ion accelerator UNILAC. 535 
poration) Postfach 541, 
6100 Darmstadt 1 
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1976 
Gesellschaft für Bio
technologische Forschung 
mbH (GBF) 
(Institute for Biotechno
logical Research) 
~ascherode VVeg 1 

Basic research and development in bio
technology by means of microorganisms, 
plant and animal cellular cultures and 
enzyme Systems, development of new 
technologies for obtaining basic 210 

249 
390 

materials for pharmaceutical, chemical 
and food product::.. 

3300 Braunschweig-Stock
heim. formerly: 1968: B~BF 

Total 16,207 

Based on: Geimer & Geimer (1981),1 Bundesforschungsbericht 1979, 1984, 1989. 

Data 

In our study (Krempel, 1989) we discuss the way 
in which govemmental control, competition for 
funds and organizational cooperation can be mea
sured. Consideration is also given to 
methodological alternatives to derive interlocks 
among big science establishments. 

The structure of the science administration in 
the ~inistry of Research and Technology 
allows us to quantify the limits of politica I con
trol. The amount of actual funding, based on the 
promotion activities of the ministry, gives us 
information about competition between the dif
ferent research establishments for programme 
funds. The structure of the interlocks between the 
boards of big science organizations and their 
links to other organizations in the science and 
industrial sector are based on reports of those 
establishments listing individual board members. 
Each of the big science establishments can thus 
be characterized according to four structural posi
tions: the potential for control by the ~inistry, 
the amount of competition it faces for programme 
funding, the position in the interlock structure of 
the boards of big science as weil as its position 
in the joint cooperation structure. 
In the following, a more detailed analysis is 
given of changes on the basis of complete 
structures. This shifts the focus to the systems 
level of big science. 

Organizational Control in the Ministry 

There is an overall long-term trend to relax inter
dependent responsibility for individual GFE's. 
Govemment decisions conceming a specific re-
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search institution are becoming less interdepen
dent. This is consistent with the shift to re strict 
administrative activities to the principle of global 
guidance (Globalsteuerung), and to direct only the 
general orientation of research (see Table 3). 

The most significant change happened to those 
institutions working on nuclear energy: their rela
tive positions in the rank order of govemmental 
control have increased over time. Change in or
ganizational design of the ~inistry for Research 
and Technology has deminished govemmental 
coordination for the GSI, H~I and DESY. These 
three organizations, working on nuclear particles 
and operating various kinds of accelerators, func
tion partly as service organizations to university 
research. Relatively little coordination affects 
either the DFVLR, which works on traffic and 
aerospace, or the G~D, which conducts research 
activities on computer science. 

Funds and Competition 

Two large, older nuclear energy establishments -
the KF A and KFK, conduct research in many 
areas and face the highest competition; which has 
increased over time (see Table 4). This indicates 
th at both are generalist, whereas the G~D and 
DFVLR get al most exclusive funds in their res
pective domains. A special case is the GKSS, 
formerly working mainly on nuclear ship-propul
sion systems. VVhen this programme ended, the 
organization had to generate a new orientation; in 
the context of already crowded budget allocations. 

Although rank ordering has remained remark
ably sta bie over time, there is consistent upward 
mobility in the competition rank order for the 
GSF and DKFZ. These organizations work, res
pectively, in nuclear safety and cancer research, 



Governmental coordination for different Big Science Establishments. 
(high numeric values indicate low coordination) 

Rank 1975 1980 1985 
1 RMl 21 GBF 26 GSF 30 
2 GSI 21 KFA 30 KFA 30 
3 GBF 21 IPP 30 IPP 30 
4 DESY 21 GKS 30 GKS 30 
5 DKFZ 21 KFK 30 KFK 30 
6 GSF 21 GSF 30 GBF 32 
7 KFK 23 RMl 38 GSI 36 
8 IPP 23 DFV 38 RMl 38 
9 GKS 23 DESY 38 DESY 38 
10 KFA 23 DKFZ 39 GMD 42 
11 GMD 44 GMD 42 DKFZ 42 
12 DFV 44 GSI 42 DFV 44 

Table 3. Governmental Control 1975-1985 

Competition for funds by different Big Science Establishments. Based on the 
competition matrix, aggregated for the different establishments, rank ordered. 

Rank 1975 1980 1985 
1 KFA 3.27 KFA 3.70 KFA 3.94 
2 KFK 2.35 KFK 2.77 KFK 3.07 
3 IPP 2.28 IPP 2.62 GSF 2.94 
4 RMl 2.12 GSF 2.50 RMl 2.72 
5 GSF 1.86 RMl 2.35 DKFZ 2.57 
6 GSI 1.78 DKFZ 2.00 GBF 2.57 
7 GBF 1.70 GBF 2.00 IPP 2.41 
8 DKFZ 1.69 GSI 1.83 GSI 2.32 
9 DESY 1.67 DESY 1.76 DESY 2.10 
10 GKSS 0.68 GKSS 1.57 GKSS 2.00 
11 GMD -0.30 GMD -0 .67 GMD -0 .99 
12 DFVLR -1.00 DFVLR -1.43 DFVLR -1.67 

Table 4. Competition for Funds 1975-1985 

both of which are domains of increasing research 
activities by other establishments. 
There is a general tendency toward a consistent 
spread over the entire scale in the long term. 
While competition sharpens at the upper end of 
the scale, it decreases at the lower end. 

Cooperation 

In the cooperation structure of 1985 (see Table 5) 
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the GMD, working in computer science, played a 
central role. Biotechnological research (GBF), 
plasma physics (IPP) and aerospace (DFVLR) , 
which follow in subsequent ranks show relatively 
little participation in the overall activities. They 
reduced their participation, restricting it to work 
groups and a computer science project in which 
al most all of the organizations are interested. 

The two big (nuclear energy) generalist organi
zations are found at the lower end of the rank 



Centrality in the projects of the AG F then the GKSS seems to be on the right track to 
maneuver itself into less troubled waters. Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

1985 
GMD 5.12 
GBF 4.74 
lPP 4.35 

DFVLR 4.27 
DESY 3.87 

GSl 3.18 
RMl 3.05 
GSF 3.01 

DKFZ 2.55 
KfK 2.49 
KFA 2.22 

GKSS 0.82 

Formal Dependencies Between Structures in Time 

While a look at the rank order of organization
specific statistics is informative about global 
trends, it is ineffective in tracing more subtIe 
change. Changes in relation to other specific 
organizations may remain undetected because they 
cancel out when the structural information is 
aggregated. Any control or competition affecting 
only certain types of interorganizational relations 
may not show up in the rank order. This is 
dependent upon the degree to which an affected 
organization can compensate with other types of 
relational changes relations. Any comparision 
between the structures of the whole subsector, the 

Table 5. Centralit y in Cooperation 1985 goal of which is to characterize the more abstract 
system level, requires more detailed information. 

order. Interestingly, both participate in all of the In the following, a shift to the system level is 
projects; implying that they are very similar to made in the analysis of the cross-sectional in-
each other but to no one else. fluences at certain points in time (see Figure 3). 
The GKSS is noteworthy in that it occupies a A stability analysis and tracing of crosslagged 
relatively unique position in the interest structure; influences in time may give information about 
in contradistinction to that presented in the com- causes and effects (see Figure 5). 
petition rank order. If this interest structure is There is an increased correlation between 
illustrative of the future structure of competition, govemment organization at the Ministry of 

Cross-sectional isomorphism between government control, project competition and 
interlocks in ezecutive and advisory boards. 

goverDmeDt project mterlock 
cODtrol competitioD coordmatioD 

0 0.
430 197 ---

Fig. 3. Cross-sectional dependencies 
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Stability of govemmental control potential, project competition and interlock6 in ezecutive 
and advi60ry board6. 

government project interlock 
control competition coordination 

r49 rS5 

1980 D 
r94 rS3 

1980 D D 
Fig. 4. Stability of Con trol and Competition 

Cro66-lagged contingencie6 between 6tructure6 of govemment organization, project 
funding and interlock6 in ezecutive and advi60ry board6. 

government 
control 

Fig. 5. Cross-Lagged Influences 

project interlock 
competition coordination 

0.16 
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Research and Technology and the overlap in 
project funds (competition) received by big 
science establishments over the long term (I 975: 
0.43; 1980: 0.58; 1985: 0.68). The similarity 
between the competition structure and interlocks 
in the boards of Big Science establishments in 
1985 is minima I (see Figures 4 and 5). Interlocks 
seem to be unrelated to competition among 
organizations. 
The stability coefficients indicate that the govem
mental control structure changed between 1975 
and 1980 (0.49); it has been al most stabIe since 
then (0.94) . The competition structure for funds is 
also stabIe (0.85, 0.83). 
While govemmental administration of big science 
has undergone some changes, partly due to politi
cal changes in govemment, this has not created a 
substantially new situation for the big science 
establishments. 

The cross-Iagged correlations show some direc
ted influences over time (see Figure 5). They 
suggest th at th ere is a small circular influence 
from the competition structure in 1975 on gov
emmental organization in 1980, which induced 
change in the competition structure of 1985. 
More interesting are the lagged correlations for 
the interlock and the competition structure. They 
reveal that interlocks in 1985 are becoming con
sistently more similar to the older competition 
structures, especially to competition in 1975 
(1985: 0.06; 1980: 0.09; 1975: 0.16)! 

A Closer Look 

A puzzling result of the preceeding is the lagged 
similarity of coordination through interlocks with 
the competition-for-funds matrix: coordination 
through interlocks is more similar to the pattem 
of competition in 1975 than to the actual pattem 
in 1985. Cooptation of board members, wh en it is 
based on individual reputation, implies a consid
era bIe time lag in the selection and nomination of 
candidates for the boards of the institutions. This 
may create serious problems, since the under
standing and information basis of such representa
tives is &'tructurally similar to the old pattem of 
organizational competition and not necessarily 
necessarily helpful for today's problems. Though 
still moderate in size, the result characterizes a 
gap between politica I control and institutional 
coordination through interlocks (see Figure 6). 
Whether or not this is increasing must be answer
ed on the basis of earl ier interlock structures. 
These have not been completely available until 
now. 
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Fig. 6. Decomposition of Interlocks 

Since competition for funds in 1975 was exclu
sively particular to institutes of the nuclear power 
and particIe physics section (compare ranks 1 to 
6 in Table 4), the time lag indicates that the 
response to such competition was a stronger coor
dination of this group through organizational 
interlocks. 
A look at the competition rank order of 1985 
shows that the institutes for cancer research 
(DKFZ) and biotechnology (GBF) have taken 
ranks 5 and 6. While this tells us that both were 
working in increasingly attractive domains, there 
are obviously no corresponding interlocks on the 
board level with their competitors. 
One of the problems with this interpretation is 
th at the interlock structure is to some extent 
arbitrary: it contains links created with group of 
actors (govemment, outer system, industry and 
big science) , and any individual who links any 
two establishments in the subsector. 
The problem can be solved if we decompose the 
global interlock structure into a set of matrices 
which are more informative about who creates 
interlocks between the big science establishments. 
In Table 6 only the densities of the resulting 
matrices are shown, whereby a high density indi
cates an important degree of coordination from a 
specific influence group. The results 
reveal that the largest amount of interlocks is 
created by govemment officials holding more 

% of total 
interlock 
densit~ 

state 0.53C 

laender 0.045 

ind.ust~ 0. 03C 

sczence 0.205 

Table 6. Density of Decomposition Matrices 

file:///T~h~W


Institutional funding of the Big Science Establishments. Rank orders in absolute 
terms (million DM) and of growth rates (1976 = 100 %) 

ab60lute term8 growth rate8 
1976 1980 1985 À16,80 À16,85 

Rank order abs order abs order abs order growth order growth 
1 KFK 245 KFA 315 KFA 381 GBF 2.71 GBF 4.43 
2 KFA 224 KFK 288 DFVLR365 GMD 1.81 GMD 3.23 
3 DFVLR 189 DFVLR 264 KfK 347 GSI 1.68 DESY 2.56 
4 DESY 94 DESY 143 DESY 241 BMI 1.67 BMI 2.10 
5 IPP 68 IPP 86 IPP 121 DESY 1.52 GSI 1.95 
6 GSF 62 GSF 78 GSF 113 GKSS 1.49 DFVLR 1.93 
7 DKFZ 50 BMI 70 BMI 88 KFA 1.41 GKSS 1.93 
8 GKSS 43 GSI 69 GMD 84 DFVLR 1.40 GSF 1.82 
9 BMI 42 DKFZ 64 GKSS 83 DKFZ 1.28 IPP 1.78 
10 GSI 41 GKSS 64 GSI 80 IPP 1.26 KFA 1.70 
11 GMD 26 GMD 47 DKFZ 74 GSF 1.26 DKFZ 1.48 
12 GMBF 7 GBF 19 GBF 31 KfK 1.18 KfK 1.42 
based on: Programmbudget 1976,1980,1985 

Table 7. Rank order: institutional funding GFE 

than one seat in research establishments. The 
science sector is second in importance. Here, 
interlocks reflect coordination from the 'outer 
system' of the science system: from universities, 
the MPG and the FHG. Interlocks created by 
Länder or industrial representatives are almost 
exclusively bilateral. 

Organizational Growth Over Ten Years 

A last step is to analyse the speeific explanatory 
power of the different structures characterizing 
the organizational environment in the sector of 
big science establishments. The structural posi
tions of the establishments should be useful for 
explaining differential organizational growth. The 
growth rates in funding over the ten-year period 
between 1975 and 1985 are used as a dependent 
variabIe (see Table 7). 
The growth rates of big science establishments 
reveal substantial differences over a ten-year 
period. As mentioned above, almost all of them 
have grown in real terms. The highest growth 
rate is held by the GBF, an organization speeial
ized in biotechnical research. This is followed by 
GMD, specialized in computer science, and 
DESY, HMI and GSI, which operate various 
types of accelerators. At the end of the rank 
order is DKFZ, the institute for cancer research, 
and the KFK. 
If we look at the absolute amount of funds re-
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ceived, the KFK seems to be the big looser 
among big science establishments; the biggest in 
1976, it dropped to second place in 1980 and 
third in 1985. 
Af ter the GBF became a big science establish
ment in 1976 (the beginning of the period under 
study), most of its growth reflected the build up 
of a new organization.2 

Modelling Organizational Growth 

In the foregoing, we have derived several struc
tures which help to provide a detailed understand
ing of the big science system. Thus far, the re
sults are fairly consistent with what can be read 
in and between the lines of official reports. They 
also draw our attention to the specific meaning of 
the interlock structure and the potential coordina
tion of that system which may result from it. 
Proceeding in this direction, we have decomposed 
the interlock structure to locate the origins of 
coordination. The final step is to analyze the 
competing explanations of this system. This ana
lysis will validate our structural information, 
providing we can show that it explains organiza
tional growth. Our structural explanations are 
govemmental control, competition for funds, 
cooperation and interlocks among boards of direc
tors. 
The explanatory power of the model is quite 
satisfactory: almost 53% of the differences in the 



growth rates are 'explained' by this model. There 
is astrong correspondence between control by the 
ministry and overall competition between the 
organizations of big science. As we already 
know, it has consistently increased over time. 
Organizational control by the ministry reflects a 
high degree of interorganizational competition for 
funds, which occurs mainly between those organi
zations having similar research programmes. The 
two kinds of organizational interlocks which have 
been separated are very different. Coordination by 
government officials on the boards of the organi
zations is almost a complement to govemmental 
contro!. Coordination is high for those organiza
tions minimally controlled by the Ministry for 
Research and Technology and low for those 
which are easily controlled by the ministry. Coor
dination by members of the science system is 
neglibibly related to govemmental control; indeed, 
it is slightly negative. 

While govemmental control and competition for 
funds are almost synonymous in this system, 
interlocks and cooperation between organizations 
capture different environmental aspects. These 
therefore qualify as potential explanations of 
growth. Organizational growth is strongly affected 
by the organizational positions in the various 
interorganizational structures (see Figure 7). 

As expected, interorganizational competition 
reduces growth. The nature of the two interlock 
structures has different effects on organizational 
growth. Especially those organizations coordinated 
by govemmental interlocks (on their boards) 
evidence extensive long term growth; while inter
locks from the inner and outer science sector are 
situated between those organizations with smaller 
growth rates. 

Coordination by govemmental representatives in 
the boards is positive in contrast to control by 
the ministry. While there is strong statistical 
evidence for positive coordination, it is still an 
open question how it occurs. One possibility 
could be that especially govemmental representa
tives highly experienced in various other organi
zations - and having an intimate knowledge of 
the Ministry, are efficient advisors on open slots 
in the system and good navigators for steering 
clear of administrative obstacles. Such an explan
ation is particularly plausible if one takes into 
account that govemment representatives who hold 
seats have high positions in the formal ministerial 
hierarchy. 
Coordination by members of the inner and outer 
science system is especially found in those areas 
where organizations show less growth. 
The centrality in joint cooperation strongly re-

Path-model for organizational growth in the Big Science Sector including 
organizational positions in the competition, cooperation and interlock structures. 

organizational 

cooperat;on ~ 

/ compet;t;on 0.6 /o? for funds ~.23 
governmental ,/ ~ 

-0.76 coordination /0.41 

orga nizational 
growth 

control ~ / 

by state / 

-0.1 / 

coordination -0.33 
by science 

Fig. 7. Results: Structural Covariates of Organizational Growth 
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sembles the extent to which organizations have 
grown over the past decade. Considering that 
cooperation is a future oriented activity, it is 
striking how organizational success during the 
prior decade affected this interest structure. If we 
speak of negative organizational coordination by 
the ministry, it can be noted that the future acti
vities which might emerge from the cooperation 
pattems are positively coordinated. Interests are 
strongly affected by the amount of funding a11o
cated in the past; the stronger an organization has 
grown, the more it (and its research domains) is 
of interest for everyone. 
Some of this is statistica11y explained by the age 
of the organizations. The notion that age indicates 
research programmes in an advanced stage, where 
large investments do not usua11y occur, is proble
matic for this study since age, in terms of mem
bership in the big science system, is different 
from a given organization's real age.3 While age, 
to some extent, suggests that thematic growth in 
the primary organizational programmes has reach
ed equilibrium - and leads us to expect smaller 
growth rates for older organizations, it also in
creases the probability that, after a time, the latter 
will become involved in new program mes. It does 
not, therefore, add to our understanding of the 
specific circumstances of growth in this case. 

Conclusions 

The objective of this paper was to study the 
interplay between govemmental control, competi
tion for funds and interlocks between boards in a 
system of state sponsored research organizations. 
Competition for funds and interlocks are two 
environmental dimensions believed to drive or
ganizational developments. A quantitative study of 
an organizational system, characterized by both, 
may help, in part, to fill the theoretica 1 gap bet
ween the two diverging developmental trends 
reported for these influences: 
- that of increased similarity Gsomorphism) due 

to environmental pressures by adaptation to 
societal norms for strongly dependent organiza
tions, and 

- that of growth and decline resulting from an 
organization's ability to use its interorganiza
tional relations to cope with change in its en
vironmental resources. 

The results of our empirical data show that 
growth of Big Science establishments can be ex
plained on the basis of this information, and that 
organizational interlocks are an important medium 
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for change in this system. The detailed analysis 
of organizational interlocks reveals that they med
iate a different type of govemmental influence 
than is exercised by govemmental control; rather, 
as it is implemented in the formal layout of the 
Ministry for Research and Technology. Organiza
tions highly coordinated in the govemment grow 
more slowly than others; whereas organizations 
with a high degree of governmental interlocks to 
other big science establishments grow quickly. 
While direct control occurs for those organiza
tions which face heavy competition for funds, 
govemmental interlocks between organizational 
boards occurs mainly between organizations havi
ng a relative high degree of autonomy in the 
competition structure. The results i11ustrate a 
sophisticated, two-level system of political con
trol, in which institutional control plays the restri
ctive part, whereas the less formalized interlocks 
are related to organizational growth. The more 
functions govemmental representatives have on 
the boards of other Big Science establishments, 
and the larger their number (or the larger the 
number of different departments involved), the 
greater the growth of an organization. 
Interlocks having their origin in the science sector 
occur less often, and their effect on organizational 
growth is very different. In the structure of scien
ce coordination, organizations which are members 
of the early starting configuration of the system 
are linked. Coordination between them relies 
mainly on individuals of the 'outer system', 
which may be read as a strategy to import 
growth by cooperation across system boundaries. 
There is, however, no specific benefit for or
ganizational growth which can be read from our 
results, no payoff which could be expected for 
such a strategy; organizations linked through 
members of the inner and outer science system 
show less growth than others.· 

An evaluation has been made of a specific 
organizational arrangement of the state-sponsored 
German research system, into which mechanisms 
of organizational competition for funds and for
mal organizational independence have been intro
duced. It has been questioned whether this intro
duces flexibility and change into the system. A 
special feature of this system is the fact that 
govemmental organization and competition for 
funds are highly isomorphic. Viewing this finding 
from the perspective of the administration, we see 
that the govemment is efficiently designed to 
control its clients5 with minimal effort. Looking 
at the same finding from a theoretical perspective 
we must ask ourselves if such a duplication of 



control is necessary, as competition usually works 
weIl all by itself. 

Most of wh at could be explained using the 
competition matrix has been successfully in
tegrated into the organizational design of the 
Ministry for Research and Technology; with an 
increase of fit over time. The increasing degree 
of similarity, through time, between these two 
panems indicates strong isomorphism of organiza
tional politica I control and interorganizational 
competition for funds. As aresuIt, there is no 
separate 'motor of change ' , working as an in
dependent element and designed to ensure per
manent adaptation to a changing set of priorities, 
having aspecific influence on interorganizational 
competition. Up to now, most of the interdepen
cies in research topics have been covered by the 
organizational structure of the departmental or
ganization of the Ministry. 

NOTES 

1. Another GFE, the "Alfred Wegener-Institut für 
Polarforschung" Bremerhaven was founded in 
1980. It is excluded from this analysis for 
reasons of comparability. 

2. Including the GMB into the regression analysis 
enlarges the variation of the dependent varia bIe 
and thus reduces the explanatory power of the 
model. By doing so an unfavorable (con serv
ative) strategy was chosen to test the model. 

3. The predecessors of the DFVLR reach back to 
1909. The DFVLR was founded as an Big 
Science organization in 1962. The GMD was 
founded in 1962 and is the successor of the 
DRZ. 

4. It is important to remember th at we are study
ing differential growth between organizations. 
As has been shown above, almost all Big 
Science establishments have grown in real 
terms - even the old ones. This could be inter
preted as a payoff of the interorganizational 
activities of the older part of the system. 

5. Thompson, Vertinsky, Kiras and Scharpf 
(1982) conducted simulation experiments with 
different forms of govemmental organization to 
determine which are optimal (reduce informal 
interactions and waiting times) , given a fixed 
organizational capacity and certain panems of 
customer interdepencies characterized by their 
joint payoff. Govemmental performance is 
highest when the design takes competition 
among customers into account and assigns 
them to the same organizational units accord
ing to this dependency structure. 
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