
Technovation. 13(4) (1993) 187-220 

Efficiency of government 
intervention in technical change in 
telecommunications: ten national 
economies compared 

Hariolf Grupp 
Fraunhofer institute for Systems and Innovation Research (FhG-ISI), Breslaoer Strasse 48, 
HD- 76 139 Karlsruhe, Germany 

Abstract 

In all the countries examined in this paper, thegovemment is - directly or indirectly - involved in the 
system of telecommunications research and development (R&D). All thesegovernments’ policies tend to 
create market distonions. yet there is little in common between the ten countries that are compared. 
Among them. direrent working divisions have evolved between industry, network operators and state 
establishments for R&D in the telecommunicationsJield. This paper highlights the diversity of structures 
present in some important industtial countries. A comprehensive measurement system for R&D efficiency 
in telecommunications is currently not available. This paper thus presents and discusses a set of 
quantitative, but non-monetary. indicators such as R&D expenditure, R&D personnel, scientific 
publications. patents and turnover. Expert assessments are added to this indicator system so as to 
overcome the incomplete links between them. their poor correlation with one another, and data 
availability problems. 

The quantitativejndings are quite discouraging for both technology policy and R&D management. 
Most of the current preconceptions are not justified when measured carefilly. Cross-wise, all possible 
correlations between government and network operator R&D contributions have been checked against 
world market shares, and the like. No significant correlations were found, and thus the fiture 
technological competitive position is likely to remain the same whether there is more or lessgovernment 
intervention in national R&D systems. In addition. vertical integration and the intensity of R&D 
cooperation between national network companies and the related manufacturers do not result in typical 
success patterns between R&D and commercialization. There is no optimum, and no really 
disadvantaged setting for regulatory or business environments. Finally, it is important to note that the 
introduction of the formal.framework of science and technology indicators within the sensitive area of 
modem telecommunications R&D may be regarded as a facility to assist objective assessments den‘ved 
from expert interviews, and may enlighten economic studies of the Schumpeterian type. 
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1. Introduction 

Over half a century, Schumpeter’s writings 
mainly, but not exclusively, dealt with the inter- 
dependence of invention. innovation, imitation 
and the creative as well as destructive role of 
monopolistic practices [ 11. Reconsidering these 
interdependencies at the end of the 1980s is the 
main aim of this contribution. 

To follow a ‘Schumpeterian Approach’ 121, the 
case of the telecommunications industry was 
selected for empirical study. Recently, Zajac [3] 
examined the ‘Technological Winds of Creation 
and Destruction’ in the case of a single lit-m, AT&T. 
which had an unusual global influence. He found 
that Schumpeter’s writings and arguments are 
cogent. but American economists tend to have 
under-emphasized them by minimizing or ignoring 
technology and invention. In this paper, the 
Schumpeterian approach is extended to other 
telecommunications service and manufacturing 
companies in ten countries. Of special interest is 
the respective influence which governments exert 
on industrial invention and innovation. and the 
economic efficiency of their interventions. 

In many ways, the process linking knowledge, 
research. industrial development and innovation 
resemble the production of public goods. They 
tend to have one or both of two economic 
characteristics in common: non-rivalry in supply 
(consumption of them by one consumer does not. 
in general. leave less ofthem for someone else), and 
non-excludability (because of zero or low marginal 
costs, it is inefficient and often infeasible to 
exclude consumers from using them). Traditional 
examples are law and order, roads. public health 
and defence or national security [4]. Knowledge 
itself is a kind of public good. In particular. when 
proprietary knowledge is patented. the patent law 
forces the inventor to disclose the fruits of his or her 
research to the public (though the use of such 
knowledge for profit-making purposes is limited). 

Rather than a direct. sequential link between 
basic knowledge inputs and innovative outputs. 
there is a set of cyclic functions [5]: applied 
research may have among its inputs basic research. 

but unresolved problems from industrial develop- 
ment projects may trigger more applied research. 
Grupp et al. [S] have portrayed the knowledge- 
innovation cycle, and developed a model to 
measure performance within this cycle by a set of 
quantitative - but non-monetary - indicators. 

The existence of such indicators makes possible 
a further advance in the study of post-Schumpeterian 
issues - the construction of quantitative models to 
measure the efficiency of research and development 
(R&D) resource use for turnover or export advan- 
tages. Such studies are required because the public- 
good nature of innovation dynamics does not 
validate the assumption that competitive markets 
guarantee full or near-full efficiency [6]. This is 
particularly relevant if - as in the case of 
telecommunications - the ‘tax state’ provides a 
considerable amount of funds for R&D. and also 
procures large parts of the respective innovative 
output. As Bator [4] has already shown, the 
provision of public goods is subject to market 
failure. Government regulation implies that allo- 
cative efficiency through price mechanisms cannot 
be assumed. Systems other than self-regulation 
and market feedback must be employed to attain 
efficiency. The question then arises as to how 
successful are the telecommunications economies. 
in various countries, in achieving efficiency in 
R&D resource use? To answer this question. the 
following sections compare the extent of government 
intervention in telecommunications R&D in ten 
countries. 

Among the industrial countries. different working 
divisions have evolved between industry, state and 
network operators (called common carriers in this 
paper) for R&D in the telecommunications field. 
This paper highlights the diversity of such structures 
in some important industrial countries. 

A comprehensive measurement system for R&D 
efficiency in telecommunications is currently not 
available, as far as the author is aware. Conse- 
quently. subjective expert assessments are essential 
for the present indicator systems to overcome 
incomplete links between indicators. their poor 
correlation with one another, and data availability 
problems. For a comprehensive discussion of these 
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problems, see Grupp and Schwitalla [7]. The 
statistical sections contained in this paper therefore 
necessarily had to be supplemented by a series of 
personal discussions in various countries (see 
below). 

There are only a few earlier such treatises on the 
research area relevant to this paper. The pioneering 
work done by Freeman [S] is worth mentioning as 
it signalled the movement towards ‘science-oriented 
technology’. taking electronics as an example, and 
supported patent lists and research expenditure. 
Our preliminary work at the Fraunhofer-Institut 
fuer Systemtechnik und Innovationsforschung 
(Fraunhofer Institute for Systems and Innovation 
Research) is dedicated to the establishment of 
patent, bibliographical and economic indicators in 
selected narrow fields of technology (such as 
enzyme technology. laser technology. robotics and 
solar engineering [9] ). but to date never to such an 
all-embracing field as telecommunications which 

- as Freeman [lo] quite rightly found - is 
involved in a technological revolution. 

As the methods used for evolving the individual 
invention and innovation measures differ widely, 
they are usually not assembled together in one 
paper. Relevant publications are thus known only 
on R&D statistics, only on patent statistics. or on/y 
on publication statistics (bibliometrics) for many 
research areas (e.g. see the more than a dozen 
contributions edited by Grupp 111)). However. 
such research cannot usually be used for cross- 
referencing, as inadequate correspondence of 
indicator demarcation cannot be removed after the 
event. Therefore, this report is largely of a pioneering 
nature. 

The present investigation essentially covers ten 
non-socialist countries (see Table 2). all of whom. 
with the exception ofthe Republic of Korea, belong 
to the OECD (Organization of Economic Co- 
operation and Development). 

TABLE I. Subliclds of telecommunications R&D (rourcc: Grupp 1121) 

Acronym Heading Co”1e”ts 

TH 

WI 

RA 

PI 

IM 

DI 

FI 

HF 

ME 

OE 

so 

information and communvzation\; Iheory. artiftcial information theory. speech synthesis. general information and 

intellipencc communication theory 

grid-hated (wired) communicali”” grid-hased transmission systems (incl. cahlcs). telephone ~raflic (incl. 

telephone sets. private branch exchanges). switching. transmission 

technology. clectromagnctic c”nvcricrs (mouth piece). multiplexing Tar 

analog systems 

antennae. aerial transmittin~rcceivinp. radio communication systems 

(incl. satcllitcs). noise reduction. control of oscillations. secret radio 

trarlic 

TV systems. image prowssing and recognition. cahlc 
systems for picture transmiwion. closed circuit TV 

facsimile (standing picture communication). moving picture 

communication (picture telephone) 

pulse technique. digital transmission (incl. telegraphy) analog to digital 

converter. pulse code modulation. encoding digital transmission 

systems. digital networks 

lasers for communications. optical cahleb. light control. light 

modulation. optological elements. optical analog to digital convcrtcrs. 

optical semiconductor elements 

wave guides. radionavigation. radar systems and equipment 

traflic tclemonitoring. telccontrol. telemetry 

scanners. electrography. magnetography. data terminals. speech 

recognition apparatus. printers. plotters. electronic displays. holography. 

information storage 

services. electronic mail. politics (laws. standards. norms). frequency 

administration. electronic media. TV systems applications. 

telecommunications in management. applications 

radio cnginecring 

general picture lran\mi\\ion\ 

image communication 

digital tranwti\5i”” 

high frequency commun~~tton 

telemctcring 

other equipment (if not included clscwhcrc) 

services. soliwarc. poliq 
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2. Data sources and-definitions of the 
telecommunications field 

2.1. Demarcation 

Definition ofthe subject in question, specifically 
just what ‘R&D in the telecommunications field’ is 
understood to mean. cannot be established irrefut- 
ably and unassailably. The demarcation used (see 
Table 1) tries to deal consistently with diverse 
statistics and data sources and the detinifions 
which these contain. 

So just what is telecommunications research 
and development? After perusal of various classi- 
fication systems and the relevant literature, 
‘telecommunications’ has been defined as a 
combination of 11 sub-areas (see Table 1). Other 
demarcations are conceivable, as no ‘natural’ 
scientific accessible. definition comes to mind. 
Consequently. certain moments of licence cannot 
be eliminated. 

Owing to a lack ofdata. R&D statistics inclusive 
of personnel statistics cannot differentiate between 
the individual fields within the telecommunications 
sphere. Consequently. R&D expenditure plus 
R&D personnel can be quoted only for the field 
as a whole. Armaments-related R&D data are 
especially difficult to distinguish from civilian 
data. 

Delimitation of the individual sub-areas in 
telecommunications with the aid of international 
patent symbols or classification symbols from 
bibliographical databanks is a more accurate way 
of proceeding than using the verbal description in 
Table 1. Wherever possible. an entire sub-area 
defined by a classification symbol is allocated to 
one field only. In those cases where this appears to 
be impermissible from the professional standpoint, 
apportionment is done by logical links with key 
words. 

2.2. R&D expenditure and personnel 

Technically detailed analysis of R&D finance 
continues to be outstandingly problematical. At 

the heart of the matter is the so-called ‘Frascati 
Definition’ of R&D which states the following: 
‘Research and experimental development (R&D) 
comprise creative work undertaken on a systematic 
basis in order to increase the stock of knowledge. 
including knowledge of man. culture and society 
and the use ofthis stock of knowledge to devise new 
applications’(a summary of the Frascati Manual is 
reprinted in the appendix by Freeman [S]). Activities 
to be excluded from R&D are teaching and 
training, scientific and technical information 
services and data collection. testing, standardization 
and normalization, plus economic activities directed 
towards marketing (innovation) and production. 
The construction of prototype and pilot plants is to 
be included. along with design and building work 
(with the proviso that they are required for the 
R&D phase and not the production process). 

There is some argument as to whether software 
origination (‘programming’) equates to an R&D 
activity; it is of extreme importance to economic 
progress in telecommunications. On the one hand. 
the ‘state of the art’ in ‘software technology’ is often 
improved. thereby elevating software generation to 
the status of a genuine R&D service. On the other 
hand. frequently only well-established programming 
procedures are employed for writing and improving 
programmes. which cannot be rated as an R&D 
characteristic. In the United States. these have not 
qualified for any R&D tax relief. and this has been 
challenged (see Office of Technology Assessment 

1131). 
The most important supranational data bank on 

R&D expenditure and personnel is managed by 
the OECD. From this data bank. at the highest 
disaggregation stage, the R&D expenditures of 
economic sector ISIC 3832 can be obtained. which 
includes the manufacture of communications 
equipment including radio and television sets; this 
is therefore too broad a concept for the basic 
definition here. Thus. national sources of the most 
disparate kind need to be involved. 

Owing to gaps and inconsistencies in hetero- 
geneous and. to some extent, contradictory data, 
and as a result of nationally differing demarcations. 
examination and assessment of the material was 
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unavoidable. Overall. consistency trials show that 
the statistical data compiled are indeed reliable, 
but display many gaps and inconsistencies. 

Information about R&D personnel. usually 
covers ‘research staff and ‘technicians’. However, 
even in regard to the information available from 
fully reporting companies. it should be remembered 
that these categories are not comparable in every 
case, and will vary with the type of training and 
other national requirements. 

2.3. Patents 

The enormous importance of foreign patent 
applications is undisputed. as the correspondingly 
higher expense (fees, translations, foreign patent 
agents) usually leads to the elimination of minor 
inventions. Research and technology being inter- 
national in scope. the foreign patent propensity 
primarily of multi-nationally operating concerns is 
especially high. In somewhat regulated markets 
such as those in telecommunications. for the time 
being. it could be assumed that certain foreign 
applications are unimpo~ant. Therefore, each 
invention with at least one foreign duplication was 
included in the survey. For this purpose, a data 
bank representing collective patent output from 
the internationally most important patent offices 
needs to be used. WPIIL. PATSEARCH and 
PATDPA were employed for this survey. If foreign 
applications from various application years are 
available, the year of the first application (‘year 
of invention’) ought to be construed as being the 
‘priority year. 

The spread of patent activity over various 
telecommunication sub-areas provides an R&D 
profile of individual firms and institutions. Certainly, 
patent propensity fluctuates between the technical 
areas. If an organization aspires to only a few 
patents in a certain area. the reason may be that 
this area does not fall within the strategic R&D 
field of the company {in which one is interested 
here), or that the area concerned is detinitely not 
very suitable for patenting. and therfore is charac- 
terized worldwide by little patenting activity (in 

which one is not interested here). Patent propensity 
may vary with time, and it also depends on the 
organization - different companies operate dif- 
ferent patent policies. However. the interviews 
performed for this study clarified that today all 
telecommunications companies consider foreign 
patent policy equally important. This particular 
industry tends to be more homogeneous than 
others. 

Furthermore, investigation of the annual appli- 
cation numbers does not take account of the fact 
that patent protection applies for different lengths 
of time over the year of the initial application or 
grant. Therefore, presentation and interpretation 
of the totalled patent numbers can be undertaken, 
and at this point provide a better idea of the patent 
volume that can already be relied upon. The 
totalled patent numbers constitute an indicator for 
parent potential (PP indicator 19, 141). 

2.4. Publications 

Apart from patent data banks which, save for a 
few exceptions, rely on official documents, biblio- 
graphical data banks are being set up in the private 
sector (this issue is discussed more completely by 
Grupp [IS] ). Th e manufacturer concerned has to 
prepare his own data files containing information 
on authors. subjects. addresses and key words 
using his own personnel working on hard copies of 
publications. In terms ofconsistency and complete- 
ness, therefore, the data held on bibliographical 
data banks are frequently not of the same high 
level as comparable patent data banks. The choice 
of data bank is thus critical to the present 
investigation. Consequently. the first step was 
to check four internationally recognized biblio- 
graphical data banks for their technical complete- 
ness [IS]. It was evident that the British data bank 
INSPEC is clearly superior to other data banks. It is 
preferred on the strength of a current preconception 
about publications from Great Britain. because a 
large number of users live there and consequently 
are interested in finding full details on British 
work. 
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Publications statistics in the realms of theory, 
software and telecommunications services are 
especially interesting as patent protection here is 
out of the question. and the patent indicator fails 
accordingly. 

2.5. Discussions with experts 

However carefully indicators are investigated 
and compiled, much information important for 
understanding the international work breakdown 
in telecommunications R&D is wasted, as it does 
not lend itself to numerical depiction. A substantial 
part of the investigation was therefore an inter- 
national comparative field investigation in which 
prominent R&D participants in the telecommuni- 
cations field were questioned personally. The 
R&D indicators were included in these discussions 
with a view to obtaining an interpretation or 
assessment of its expressiveness in cases of doubt. 
The survey conducted in the second half of 1988 
and early 1989 covered all ten countries. The 
conversations centred around how R&D in the 
telecommunications field was organized. primarily 
the form of cooperation and work apportionment 
between R&D carriers; however. in addition an 
attempt was also made to assess the R&D indicators 
adopted hitherto. Table 2 shows the number of 
personal discussions, and hence provides some 
idea of the intensity of interviewing. 

TABLE?. Overview of the range of personal inyuirlc> made to 
<pccialists and country codes used (per the three digit IS0 code) 

counrry (IS0 COdC) No. of No. of personr 

conversations who panicip~tclj 

USA (USA) 
Japan (JPN) 
Germany (DEU) 
France (FRA) 
Great Britain (GBR) 
Italy (ITA) 
Spain (ESP) 
Repuhlvz of Korea (KOR) 
Netherlands (NLD) 
Sweden {SWE) 

17 
IS 
46 
11 
13 
13 
14 
II 
9 
7 

3. Country reports 

Each of the ten countries studied was compre- 
hensively analysed. The full results are published 
in a separate chapter of a two volume book (in 
German) edited by Grupp and Schnoring ]16]. 

3.1. United States of America 

Insofar as one is able to talk at all about 
industrial policy in the United States, this is 
essentially directed towards a~aments enginee~ng 
and, latterly, space technology 1171. At the moment. 
around three-quarters of R&D funds made available 
by the Federal Government are used for military 
purposes. This is especially true ofcommunications 
technology. 

Broadly simplifying (for more details see [IS] ). 
from the way that R&D in all fields is structured 
nationally in the USA. it has been established that 
around 75% of the money available overall for 
R&D is being spent in the private sector. Around 
10% of R&D expenditure in industry is on tele- 
communications (see Fig. 1). The total funds 
available for R&D are half government funded 
and half funded by industry. The overall expenditure 
on R&D in the telecommunications sphere in 1987 
can be estimated at a scant US$l3 000 million 

1181. 

/\ -7-T- 

Fig. I. Most important RBDactors in telecommunications in the LISA. 
including estimated R&D expenditure as of 19X7 (US%IlWW) million). 
Arrows denote flows of R&D funds. figures in boxes expenditure for 
R&D irrespective of the source of funds. The numerical differences 
between the ligures in boxer and those on incoming arrows represent the 

R&D funds of the respective performer. 
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Within telecommunications R&D, the USA. 
internationally speaking. specializes particularly 
in quasi-military high frequency telemetry. theory. 
radio research and digital communications tech- 
nology. Image-related technology is highly. wired 
telecom technology slightly, in deficit. 

The disintegration of what had been until then 
the worlds largest telecommunications concern, 
AT&T. in which regional companies (RBOC) 
became independent and a joint R&D company 
Bell Communications Research (Bellcore) was 
founded, has not subdued but intensified research 
activity at the surviving world famous Bell Labor- 
atories at AT&T in the medium term. But AT&T is 
still special insofar as both the network service and 
the equipment manufacturing businesses are both 
very important to the company. AT&T’s R&D is 
performed in 29 facilities. located in six states 

1191. 
Centralization of R&D activities at AT&T Bell 

Laboratories has. in principle. been retained as the 
AT&T management operates on the principle that 
the marginal advantages from an internal company 
decentralization are more than offset by the lower 
efficiency to be expected. However. there is certainly 
no denying the fact that a shift towards short-term. 
application-oriented R&D has begun. which is 
bound to have a negative effect on American 
fundamental research. AT&T’s research (as opposed 
to development) contribution. standing at almost 
one fifth in the international comparison. is still 
very high. For the present. AT&T concentrations 
on R&D in wired. digital and tibre cabling 
predominates. Over 80% of AT&T’s R&D funds 
originate from its producing companies and are 
used for near-market. specific and also imaginative 
development work. The remaining R&D funds are 
raised centrally by the organization and used for 
fundamental research. strategic technology main- 
tenance and quality assurance. Despite splinter- 
ization and the associated loss of qualified R&D 
personnel in Regional Bell Laboratories. it is an 
established fact that network operators’ research 
activities overall are continuing unabated. However. 
there could be repercussions if the original strategy. 
whereby every new network operator was to build 

up his own independent R&D capacity, is unable 
to stay the course. 

In the context of this investigation. owing to the 
size of the USA, it was not possible to investigate 
primary data for all the major companies conducting 
telecommunications-relevant R&D in the same 
detail. Furthermore. two prominent companies 
were not prepared to make the appropriate infor- 
mation available. This must be attributed primarily 
to the swingeing changes in company structure that 
are also affecting the R&D side. 

From the number of patents, for the mid-1980s 
the organizations conducting R&D in the tele- 
communications field could be ranked as follows: 
AT&T - US Government - RCA Corp. - 
Motorola Inc. - ITT - GTE - General Electric 
Co. - IBM - Westinghouse Electric Corp. - 
Zenith Radio Corp. - Xerox Corp. Of these 
leading innovators, AT&T. GTE and RBOC are 
analysed further in this contribution on the side of 
the network operators. and IBM and Motorola 
again together with AT&T on the side of the 
telecommunications manufacturers. 

An analysis of the organizations conducting 
R&D in the USA by reference to patent grants over 
the last ten years shows that there is a marked 
intensification in technological competitiveness in 
the wired communications sub-area and in other 
appliances. Over the decade under consideration. 
the diversification of competing participants has 
remained more or less constant in radio technology, 
image communications and high frequency 
communications. Concentration processes are 
observable for the. at any rate. generally delicitary 
picture transmission. digital telecommunications 
technology. optical communication and signal 
transmission technology. 

Extreme competitiveness (with the exception of 
armaments). self-sufficiency in R&D and the large 
home market have for some time made it appear 
as though there was not much of a common 
denominator for company behaviour in the USA. 
Slowly. this situation appears to be changing. To 
what extent new. concentrated R&D activities like 
SEMATECH are successful is hard toassess forthe 
moment. 
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From the European standpoint, American 
universities are particularly willing to cooperate. 
and also at the same time constitute an important 
resource for company research. From the US 
internal survey. complaints are. however. received 
in the telecommunications sector to the effect that 
the knowledge available in the colleges is under- 
utilized to provide effective support for industrial 
competitiveness. Certainly. for a few years there 
have been improvements in this direction. Accord- 
ingly. other meassures, particularly the setting up 
of a new major. national. target-oriented. technical 
information research centre. will involve liaison 
with a major university. It is also expected (ideally 
with government financial backing) that the 
breakaway groups from Bell Laboratories. owing 
to inadequate capacities of their own in fundamen~l 
research. will increasingly endeavour to cooperate 
with universities. 

3.2. Japan 

The R&D organization of the Japanese tele- 
communications centres was and is characterized 
in the country comparison by very marked co- 
operation between carriers and manufacturing 
industry. which essentially consists of four large 
companies in the electronics sector. Universities 
tend to be bystanders. and the other research 
institutes fulfil only one specific role (see Fig. 2). 

This centrally regulated structure has hardly 
been altered by re-regulation in the telecommuni- 
cations industry 1201. The privatized carrier NTT 
behaves increasingly like a vertically integrated 
telematics concern, but the supplier monopoly of 
the so-called Denden Family, consisting of NEC, 
Fujitsu. Hitachi and Oki. has hardly been altered 
(ofthe four companies. the former two are analysed 
further below). Even though NTT is endeavouring, 
in an increasingly competitive home market, to 
better safeguard its own interests in the R&D field. 
personnel and know-how exchange plus the three- 
stage procurement facilities. which develop 
R&D assignments for manufactu~n~ industry via 
procurement contracts. all carry on in the same 

I I 

Central 
Government I 

Fig. 2. Most important R&D actors in telecommunications in Japan. 
includin~estimated R~Dex~enditu~asof 19~7(US$l~ miilion).Thc 
meaning of numbers and arrows is explained in the legend of Fig. 1. 

way. It may still be too early to expect changes. for 
the public authorities have not yet sold two-thirds 
of the shares elsewhere as planned. 

Against the background of comparatively 
moderate changes in regulative policies, changes 
in the R&D sector appear to be very fast, very far 
reaching. and very self-con~dent. On the central 
carrier side, NTT has completed a massive restruc- 
turing whereby whole sections of development 
work are passed directly over to the operating 
business areas. The central laboratories (originally 
four. now 1 I) are working increasingly in applied 
research, but the personnel have been cut back. 
Furthermore, NIT has changed its R&D work by 
giving greater prominence to software research. 
The same also applies to practically all manu- 
facturers, whose R&D activities are very difficult to 
uncover, for only in the case of smaller company 
sections are the firms concerned purely tele- 
communications companies. Very little information 
is available about the internal structure of R&D. and 
about demarcating telecommunications research 
related to other work in the electronics field. 
However, this is no statistical problem. but depends 
on the fact that the respective large concerns 
consider their activities in an integrated form, and 
each one of them. from component to participant 
in new carriers, either is or would like to become 
vertically fully integrated. 

Despite the concentration of central NIT 
laboratories on more research (instead of develop- 
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ment), overall the R&D volume of NTT has been 
biased towards market-related requirements. As an 
offset, the Ministry of Posts and Telecommunications 
(MPT). apparently in a 5050 arrangement with the 
Ministry OT International Trade and Industry 
(MITI), has set up a large new laboratory for 
advancing long-term research projects in the 
public interest. This ATR research institute most 
recently became the centre of a new scientific town 
in the Kansai Region close to Osaka. The structure 
of the ATR laboratory is interesting in that four 
legally independent profit-oriented companies 
conduct research, whilst a fifth company undertakes 
all management planning and administration 
functions. NTT has a majority shareholding in 
this umbrella company. A further compensatory 
measure. designed at securing long-term research, 
is the conversion of the .Post Ministry’s own 
laboratory (CRL) from a pure radio institute into a 
telecommunications institute. The second large 
carrier, KDD. has also restructured by concentrating 
particularly on software-related R&D work. and 
quickly rearranged itself into a new institute. The 
new carriers have hardly any R&D activities. thus 
only KDD and N7T will be studied among the 
world’s network companies. 

With the exceedingly fast changing R&D 
structure, and with the obvious desire to obtain 
long-term work despite tierce competition between 
carrier and manufacturer. the Japanese Post 
Ministry has demonstrated exceptional vision and 
also the capacity to put ideas into effect. Alongside 
MITI, it has risen to become the second most 
important ministry in applied research. By skillfully 
combining regional policy aspects with research 
policy it has also set up a power base within the 
Japanese government system. Overall. it can be 
said to be a long-term and carefully planned but 
quickly executed full re-regulation of the R&D sector 
in telecommunications. The term ‘deregulation’ 
would be an entirely incorrect label to apply to 
research and development in this context. 

Japan appears to be one of the few countries 
which has reacted to the challenge in telecommuni- 
cations with a comprehensive reorganization so 
that continued retention of a directing function at 

an international level appears to be unaffected. 
and over a period of time ought to increase. even if 
some of the very ambitious projects cannot be 
retained as originally planned. The one true major 
deficit appears to be the software sector. but now 
this is being tackled purposively by all sides. 
Whether this will definitely bring the appropriate 
successes is still unsure. because even in the R&D 
field the conformity well entrenched in Japanese 
society can be an inhibiting factor for the discovery 
of creative solutions. Very little is being done on 
military technologies. and even the wired telecom 
technology sector is not very prominent in inter- 
national terms. 

Public funding has for some time hardly been a 
factor in Japanese research and development 
systems; even the military sector is virtually 
completely self-contained. Interaction between the 
state and the private company has always taken 
another form. and things will certainly not change. 
Although substantial state interference in technology 
policy is undeniable. Japanese electronics concerns 
have accordingly produced auto-financed services 
which cannot be explained by reference to state 
control. Purposive, pragmatic R&D performance 
in the telecommunications field characterizes both 
the public authorities, large carriers and manu- 
facturing entities. 

3.3. Germany 

In Germany, the defence ministry is not an 
important financier of R&D in telecoms. R&D 
policy is overseen by the Federal Ministry for 
Research and Technology (BMFT) 1211. In tele- 
communications. the BMFT has funded R&D for 
satellites as part of programmes for space tech- 
nology, mainly in collaboration with France. and 
the BMFT also has programmes for R&D in 
telecommunications. One main objective of the 
programmes was to ensure an international 
competitiveness ofthe industry. The BMFT mainly 
funded R&D for optical communications tech- 
nology, switched broadband communications. the 
introduction of a very sophisticated data 
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communication network for the science community, 
and R&D for high de~nition television (HDTV). 
The funds for these programmes were of minor 
importance compared to the national teie- 
communications R&D budget (see Fig. 3). Half of 
it went to public research institutes and universities, 
the other half to industry. The BMFT funds have 
supported medium- and long-term R&D activities 
in industry to some extent. and they have had a 
positive impact on the innovation activity of the 
Deutsche Bundespost, especially at the end of the 
1970s [Zi]. 

The most striking feature of the German R&D 
system is the insignificant role of the national 
carrier Deutsche Bundespost (DBP). The DBP 
runs a research institute employing roughly 340 
people. Its main objective is to provide the carrier 
with an independent judgement of technological 
developments. and it is involved in international 
standardization activities. The DBP employs 
approximately 1500 people engaged in development 
activities. These people are not involved in the 
development of equipment, but rather in develop- 
ment activities for new networks and services. 
Overall. the DBP performs only 4% of the national 
R&D (Fig. 3). It finances some external research 
mainly at universities, and procures equipment for 
pilot applications. Therefore, the DBP finances a 
higher share ofthe national R&D budget (7%) than 
it performs (4%). but it is still quite low compared to 
that of other countries. 

Federal 
Government 

Fig. 3. Mosr importam R&D actors in telccommunicalions in the 
Fcdcral Repuhhc of Germany. including csrimated R&D expenditure as 
of I987 (US$IoW million). The meaning of numhers and arrow’s is 

explained in the legend of Fig. 1. 

Until the end ofthe 197Os, the DBP had relatively 
close and stable relations with a small group of 
national manufacturers. It followed a strict policy 
of standardization which meant that no more than 
one system or one type of equipment for any given 
application was procured. This limited the amount 
of technological competition, and gave the largest 
manufacturer, Siemens. a leading position in the 
R&D process. In those days, the DBP was relatively 
closely involved in the definition of new equipment. 
During the 1970s this system failed in the deveiop- 
ment of a new generation of public switching 
equipment (EWS) which, beside other factors. 
provided an incentive to change the old cooperative 
system. The DBP introduced R&D rivalry among 
the manufacturers, and restrained from further 
direct involvement in detailed technical specification 
of new equipment. The new procurement modes 
give an incentive to do specific R&D for the needs 
of the DBP by restricting the market for a number 
of years to those manufacturers which survive the 
first two stages of a procurement process. In the 
first stage, the vendors present pilot equipment 
which is tested by the DBP. and the second stage is 
a price competition among the successful vendors 
for a certain amount of equipment. 

The DBP pays for R&D costs in the course ofthe 
actual procurement of the equipment. R&D costs 
are part of the price calculation of the vendors. 
Therefore, the amount of money the DBP expends 
for R&D depends on the competitive situation 
during the initial years when new installations are 
introduced, and the threat of potential competition 
thereafter. 

In 1979. when the DBP introduced this new 
procurement procedure for digital public switching 
equipment, the participation was limited to vendors 
who would develop and produce the switches 
predominantly in Germany. This has since changed. 
The procurement process for digital access cross- 
connector systems. which started in 1988, was 
thrown open to any vendor, and foreign manu- 
facturers are taking part. 

In such a set-up it is not surprising that the 
manufacturers perform and finance (89%) almost 
ail the R&D activities (Fig. 3). Siemens is the 
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leading German telecommunications manufacturer 
with large R&D resources. but there are a number 
of other manufacturers with substantial R&D 
capacities. Standard Electric Lorenz (SEL) and 
Philips Kommunikations-Industrie (PKI) are parts 
of large multinational telecommunication and 
electronic companies, Alcatel and Philips respec- 
tively. with large international R&D resources. The 
Bosch group is establishing itself in telecommuni- 
cations, and AEG has a long tradition in the market. 
The number of technologically independent 
manufacturers seems to be relatively large compared 
to other European countries [21]. Included in the 
set of companies to be further analysed are 
Siemens and Bosch, and Alcatel as well as Philips 
in total, not with their German subsidiaries 
alone. 

Many universities and a number of public 
research institutes do research in telecommuni- 
cations (34% of the national publications in 1986). 
The BMFT finances a specialized research institute, 
the Heinrich Hertz Institut, employing more than 
250 people. 

3.4. France 

In a concise assessment of the R&D structure in 
France (221, it becomes apparent that the state 
network operator. France Telecom. is of consider- 
able importance in the telecommunications R&D 
field, with the CNET research centre having a key 
function. Public research at universities, colleges 
or other institutions is of relatively marginal 
importance (cf. Fig. 4). In addition. France Telecom 
entrusts substantial development commissions to 
industry, and thus also essentially determines the 
R&D structures established. However. as far as the 
company sector is concerned. this promotion of 
industry at the same time also tends to be restrictive 
as it creates a very strong link with the French 
market. For the overseas market. industry is 
frequently obliged to finance separate research 
and development projects from its own resources. 
whence derives a noticeable limitation on 
competitiveness. 

I ’ I 1 
I I 

Fig. 4. Most imponant R&D actors in telecommunications in France. 
ineIudiu~estimated R&Dex~nditureasof 1987(US$WOO million&The 
meaning of numbers and arrows is explained in the legend of Fig. 1. 

In view of this situation. the fact that France 
Telecom is obliged to deiiver substantial funds to 
the general state budget which only in exceptional 
cases benefit telecommunications, creates problems. 
The function of the main purchaser of tele- 
communications products and facilities is thus 
seriously affected; the home market orientation of 
the French telecommunications industry is therefore 
a particular disadvantage. 

Insofar as industrial structures are concerned, 
France underwent a marked concentration process 
in the 1980s the outcome being the accession of 
CGE subsidiary Alcatel to an overwhelmingly 
monopolistic situation. In all major concerns. at 
the moment, an opening to the European market is 
detectable. At Alcatel, this was achieved by inte- 
grating European ITT subsidiaries. whilst lesser 
concerns achieve this by cooperating with external 
partners. 

Overall. strong state control over R&D in the 
telecommunications field on the French pattern is 
definitely beneficial throughout. However. industry 
is at the same time so restricted that attempts are 
increasingly being made to move away from the 
France Telecom network operator. This tendency 
is explicable primarily in terms of a clearer 
demarcation by France Telecom between research, 
development and purchase orders which has been 
introduced as part of a liberalization policy since 
1986. Fresh competition on the French home 
market is being viewed by industry with great 
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scepticism. although the extent of the negative 
consequences is apparently exaggerated. 

For all the criticisms which are being levelled 
against the French model in its present form. the 
many positive aspects of close cooperation between 
network operators and industry should. however. 
not be overlooked. Were France Telecom to adopt a 
more world-market oriented policy. most objections 
would largely fall by the wayside. This realization 
is obviously also coming home to CNET. so that 
the French R&D contribution following the opening 
up of the European market in January 1993 ought 
not to be underestimated. A technology breakdown 
shows a very balanced specializations profile for 
France in telecommunications. in which only 
radar stands out positively and picture tele- 
communications negatively. 

3.5. United Kingdom 

In a country comparison, very intensive 
cooperation between carrier institutions and highly 
concentrated manufacturing industry was a hall- 
mark of R&D in the British telecommunications 
sector which essentially produces for the home 
market [23]. Universities tend to be on the sidelines 
and other research institutes - except in the 
armaments sector - only play a minor part. 

The state. as the vehicle for technological policy, 
ie. more especially the Department of Trade and 
Industry (DTI). has hitherto largely remained 
aloof from wired. civil telecommunications R&D. 
although information technology, particularly in 
regard to combined research between colleges and 
companies. has been given high priority for some 
years now (Fig. 5). State subsidization of major 
telecommunications manufacturers in the form of 
R&D subsidies and procurement measures emanate 
from the Ministry of Defence on a large scale. So 
long as the carrier was an integral part of the state 
administration. its substantial outlays on R&D to 
industry could be regarded as state subsidies. As far 
as that goes, development of an independent 
British communications technology has in the 
long run been initiated by state organizations. even 

Fig. 5. Most important R&D actors in telecommunications in the 
United Kingdom. including estimated R&D expenditure as of 1987 
(US$lOOO million). The meaning of numbers and arrows is explained in 

the legend of Fig. I. 

though continued and completed in the private 
sector. 

Owing to the change ofgovernment at the end of 
the 1970s and what in the British context has been 
an exceptionally long term of office for the former 
Prime Minister. a whole series of liberalizing 
measures has been implemented which have. to 
some extent, influenced the R&D structure pro- 
foundly. In particular. the exceptionally fast 
adaptation of British Telecom (BT) management 
to the new situation far exceeded all expectations. 
From the paternalistic role adopted by the state 
monopolist, who has had a hand in influencing 
virtually all telecommunications-related tech- 
nologies, British Telecom has become an aggressive 
private concern which has become increasingly 
vertically integrated and operates businesses 
worldwide, whether services or appliances. 
However, in the R&D field. BT has remained 
entrenched in wired telecom technologies (including 
tibre optics). 

The politically much vaunted full liberalization 
on the pattern of the United States (‘Little America’) 
has got stuck in a two horse race in which BT 
continues to be in the ascendency. The second 
largest trans-regional network operator. Mercury, 
has not built up any R&D capacity. while BT is 
allowing its own capacity to stagnate so that 
network operators collectively have allowed their 
R&D quota to go into a decline vis-d-vis manu- 
facturers. In addition. they have switched from 
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medium-term oriented work to more near-market 
projects. This has left a gap in medium-term 
strategic R&D which even the colleges are unable 
to fill owing to their present traditions and 
structures. 

From the technological standpoint. armament- 
related sub-areas of telecommunications can be 
regarded as the province which is specifically 
British. In the forefront are radio engineering, high 
frequency communications and also tibre optical 
technology. Here not only is there an excellent 
grounding in fundamentals but also, to some 
extent, in the 1980s. very marked dynamic trends. 
Also, taking overall a cross-section of all sub-areas, 
British research and development is registering 
above average activity on a world scale, but it 
places too much emphasis on defence (cf. Fig. 5). 

The development of a national British communi- 
cation System X cannot be rated as a success from 
the technological standpoint; in view of the fact 
that R&D structures are changing every couple of 
years or so, the vendetta between GEC and Plessey 
and the ‘Mite1 Affair’, namely the acquisition of an 
equipment producer by the network operator BT, 
have made for greater insecurity. The long overdue 
concentration of System X development in a single 
entity (the joint enterprise GPT) at the beginning of 
1988 came very late. and could not be consolidated, 
because within a year of its formation uncertainty 
about future R&D work apportionment has again 
been generated with the takeover bid for Plessey by 
GEC and Siemens 1231. 

The influence of the Ministry of Defence on 
electronics R&D is substantial: it is hard to say to 
what extent the civilian sections of telecommuni- 
cations technology are affected by this. On the one 
hand, there is ever increasing insistence on transfer 
processes between civilian and commercial tech- 
nologies, and there are even a number of examples 
of this; on the other hand. civilian volume markets 
and highly-specific job lots should continue to 
cater for few commonalities. The key obstacles 
from armaments-related telecommunications R&D 
tend to lie in the diversion of research personnel 
from the civilian sector. the tying up of facilities for 
comparatively non-remunerative R&D work, and 

in the need for extreme secrecy within the companies 
involved. Whether armament-oriented R&D is 
efficient, i.e. whether it will or will not lead to 
greater national security (which is the criterion for 
the success of such R&D), does not manifest itself 
in terms of economic parameters, and cannot 
therefore be assessed in this context. 

Since British industry in the post-war period at 
any rate had to overcome a series of problems from 
which it has only recovered slowly in the 1980s. the 
difficult international position of the civilian 
telecommunications industry needs to be under- 
stood in general terms. British companies are no 
longer in the forefront of world events. There is no 
anticipated improvement in the medium term 
because, thanks to state policy on technology. 
responsibility for strategic. oriented research in the 
medium term in telecommunications is left as a 
grey area between carrier companies and universities. 
Whether European community endeavours can 
permanently till this gap with comparatively limited 
means at their disposal remains questionable. 

3.6. Italy 

In Italy, telecommunications R&D is essentially 
characterized by three factors: fragmentation of 
responsibilities in the services area; scant and 
poorly coordinated public promotion: and the 
dominance of state organizations in the tele- 
communications sector 1241 (see Fig. 6). By dividing 
up the networks and network operation into 
several partly state-controlled, partly semi-state 
controlled institutions, there is no uniform develop- 
ment and investment programme, which has 
negative repercussions particularly in regard to 
new services. However, even in the traditional 
services and in the technical state of the networks, 
Italy has been falling behind the rest of Europe 
since the end of the 1970s. 

There is no uniform programme for state R&D 
development, but mostly only isolated projects. 
The odd major project promoted in the tele- 
communications field is spread amongst numerous, 
often very small research groups and certain 
industrial concerns. Fundamental research on 
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Fig.6 Most important R&D actors in telecommunications in Italy. 
including estimated R&D expenditure as of 1987 (lJS$lOOO million). The 
meaning of numbers and aTmows is explained in the legend of Fig. I. 

telecommunications at universities is centred on a 
few polytechnics, and owing to lack of direction is 
not very effective. 

Out and out R&D expenditure in the tele- 
communications field is low in comparison to 
other industrial countries. The relative R&D 
outlays by manufacturers relative to turnover are 
high. All major private concerns working in the 
telecommunications sector are active internationally. 
and offer mainly product specializations. The 
largest domestic manufacturer of telecommuni- 
cations equipment. on the other hand, belongs - 
as does the most important network operator - to 
the state holding IRI. These companies are still not 
very internationally oriented. 

Rising R&D costs for new technologies in the 
telecommunications field are a problem for industry 
generally. They can be financed only by large 
shares of world markets. which Italian companies 
do not, however. enjoy. The specialization strategy. 
in conjunction with close links with traditional 
branches of commerce, appears to offer chances of 
success, first owing to market proximity. and 
second as it is comparatively low on cost for R&D. 
As a result of the comparatively great autonomy 
enjoyed by both state organizations and research 
facilities within IRI, and inadequate state planning 
for telecommunications and research. there are 
numerous overlaps in telecommunications R&D. 

and only small scale cooperation domestically. 
Large private firms, however. have already been 
working for some time together with foreign 
partners as part of their targetting of international 
markets. 

Italy sees the European home market as being a 
great challenge and offering considerable prospects. 
Therefore. extensive plans are afoot for preparatory 
activities. This has already been reflected in the rise 
in R&D expenditure in the telecommunications 
sector [24]. 

3.7. Spain 

The Spanish telecommunications sector is 
exposed to strong structural and qualitative changes. 
Spain’s particular historical and political context 
in Europe. which applied up to the 197Os, has 
favoured the maintenance ofestablished industrial 
and social structures, which also cannot be com- 
pletely overlooked today. On the one hand. many 
democratic normalizing processes occurred here 
more quickly than elsewhere -which had nothing 
to do with the internal needs of the telecommuni- 
cations sector, although definitely affecting it. 
Conversely. development of information technology 
as the expression of a modem, post-industrial 
society is also accelerating this change 125). 

The leading light in telecommunications matters 
is the most important of the three carriers, Telefonica, 
a company which has a small vertically-integrated 
company empire, and which is also playing the 
minority holdings field. In the independent R&D 
sector. Telefonica has for decades played a passive 

part - the business of technological modernization 
was undertaken by foreign companies. Standard 
Eltctrica (ITT) heading the field. Telefonica has 
recently acquired its own R&D subsidiary. TID. 
and is becoming an increasingly active player 
in the R&D field. Since the new law on tele- 
communications of December 1987 upholds the 
present. virtually monopolistic network structures, 
Telefonica’s R&D-associated risks are covered 
financially. 

The state R&D system hitherto has suffered 
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Fig. 7. Most important R&D actors in telecommunications in Spain. 
including estimated R&D expenditure as of 1987 (US$lOOO million). The 
meaning of numbers and arrows is explained in the legend of Fig. I. 

from the absence of concepts and coordination, 
and last but not least from a series of reorganizations 
in recent years. However, so far these have not 
brought forth any structures which can be assumed 
to be of a lasting nature. More recent national 
plans are impressive - disputes notwithstanding 
- simply in terms of their size. The figure for 
present day public funds for telecommunications- 
related R&D is four times higher than the level for 
the previous year (see Fig. 7). 

From technology indicators, Spain is making 
the largest cont~butions to progress in tele- 
communications technology worldwide in the 
wired telecom sector (via Standard Electrica), as 
well as in radio and radar. Also. the emphasis on 
quasi-military telecommunications fields in R&D 
cannot be overlooked in quantitative terms, and is 
surprisingly clearly identi~able as a subject area 
from the available source material. 

Spain has made a tremendous effort to catch up 
in telecommunications-related R&D. With a legacy 
of cultural and structural problems, its position at 
the outset could not be classified as being outright 
beneficial, so that the fuIl-bodied initiatives and 
plans for institutional and financial reforms 
appear to be very ambitious, and might lose 
momentum in favour of more straightforward 
endeavours. 

3.8. Republic of Korea 

For some years now, R&D activities in the 
telecommunications sector have been increasing 
markedly in the Republic of Korea for a number of 
reasons, as the government is encouraging the 
setting up of leading-edge industries, including 
telecommunications 1261. Also, independent 
domestic R&D activities are all the mom important 
as the importing and imitation of foreign tech- 
nologies are always subject to limitations. However, 
Korea still has a considerable amount of catching 
up to do in R&D. So far, there is only one 
significant development in the telecommunications 
sector: the TDX switching system. 

R&D structure and contents are largely state- 
imposed. The government dictates the development 
of telecommunications services and the basic 
technologies to be used, plus standards for pro- 
duction and export. State and industrial research 
facilities have to gear their R&D activities to these 
plans. Most of the R&D consists of refinements to 
foreign technologies, reasonably priced end user 
appliances, or adaptive developments for domestic 
~quirements or export to other Far Eastern 
countries. Fundamental research (see Fig. 8) is 
virtually non-existent. 

R&D in the telecommunications sector is run 
mainly by the state owned institute ETRI, the 

I Government 
I 

Fig.8. Most important R&D actors in telecommunications in the 
Republic of Korea. including estimated R&D expenditure as of 1987 
(USSIOOO million). The meaning of numbers and arrows is explained in 

the legend of Fig. I. 
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Goldstar and Samsungcombines, and OTELCO, a 
joint venture between the Korean concern Oriental 
Precision and the Swedish company Ericsson. 
Intensive cooperation is carried out only under the 
umbrella of ‘national research projects’, where it is 
prescribed by the state as the financier. 

The network operator KTG and also the partly 
private DACOM, are equally heavily dependent 
on government plans which they then have to put 
into practice. The R&D facilities of the network 
operators primarily consist of offers of services. 

South Korea is seeking technological cooperation 
with foreign countries. but frequently this cannot 
be achieved in the desired measure because Korea 
is insufficiently developed. There are only isolated 
instances of joint ventures in the telecommuni- 
cations sector. 

The Republic of Korea’s future development is 
hard to foresee at the moment. With inte~entionist 
policy and population movement. a high techno- 
logical standard will probably be achieved. However, 
the country is contending with serious political, 
economic and social problems which need to be 
resolved simultaneously. 

3.9. The Netherlands 

The R&D organization of the Dutch tele- 
communications sector is characterized in the 
country comparison by extreme independence of 
carrier institutions, manufacturing industry and 
universities or research institutes, the latter playing 
only a very subordinate role in the overall picture 
of things (Fig. 9 [27]). 

The state, being the vehicle of technology policy, 
i.e. particularly the Department of Trade and 
Industry, has hitherto largely held itself aloof from 
telecommunications R&D, although information 
technology generally represents a priority area for 
appropriate technological policy measures. State 
subsidization of large telecommunications manu- 
facturers does not take the form of R&D subsidies. 
R&D furtherance is mainly undertaken at the 
European research programme level. Whilst the 
Dutch PIT was part of the Ministry for Traffic and 
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Fig.9. Most irnponant R&D actors in telecommunications in the 
Netherlands, includingestimated R&Dexpenditureasof 1987 (USSlOW 
million). The meaning of numbers and arrows is explained in the legend 

of Fig. I. 

Water Management, telecommunications policy, 
including the respective R&D policy, did not come 
under the auspices ofthe Department ofTrade and 
Industry. Changes in this area were likely to start 
after 1989, when the PIT acquired the legal status 
as a joint stock company. 

Both the Dutch PIT and also manufactu~ng 
industry maintain their own R&D centres, in 
which long-term research projects and even funda- 
mental research are investigated. The Doctor 
Neher Laboratory (DNL), the PIT infra-structure 
research laboratory hitherto. was regarded as the 
‘TN0 Telecommunications Institute’, i.e. it bridged 
the activity gaps of TNO, the large Dutch 
organization for applied research, in the tele- 
communications sector. After PIT restructuring at 
the beginning of 1989. there were no longer any 
guarantees that the DNL would continue to 
discharge this duty. For with market liberalization, 
the PTT is exposed to competition in various areas. 
This is particularly true of the service area. In view 
of the reorganization and also new technological 
developments, in 1986 a new research institute, the 
PTT Telematics Laboratory. was founded. This 
conducts R&D mainly in the interface area 
between telecommunications and information 
technology, and should support PTI Telecom in 
competition with private service suppliers. An 
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expansion of R&D activity at the new laboratory is 
planned for 1992. 

In the Dutch telecommunications manufacturing 
industry, the leading light is Philips, particularly 
its subsidiary Philips Telecommunicatie en 
Datasystemen (PTDS) and AT&T and Philips 
Telecommunications (APT). A clear cut R&D 
work apportionment exists: Philips researches and 
develops for the business telecommunications area 
and ATP in the public sector. 

offset the lack of a central interdisciplinary 
research laboratory at the leading manufacturer 
Ericsson and at the carrier Televerket by their 
engagement in fundamental and applied research. 
Sponsored by the state technology authority STU 
(since 1991, NUTEK), via appropriate programmes, 
universities and institutes, conducts combined 
research both with Ericsson and with Televerket. 

Philips has at its disposal an extensive R&D 
organization in the form of eight laboratories in six 
countries, the largest being the ‘Philips Nat Lab’, 
which covers a broad spectrum of technological 
disciplines and areas of fundamental research, and 
is based in the Netherlands. The tightening up of 
business activities currently in evidence at Philips, 
with the organization of research included, appears 
to boil down to greater sensitivity to users’ needs. 
The sanctioning of the greater influence of the 
international competitor AT&T who, since the 
beginning of 1988, has held a majority holding in 
the joint company APT, on public telecommuni- 
cations, and Philips’ concentration on office 
automation including office telecommunications, 
are steps in this direction. 

In the public telephone and data networks 
fields, and in private communication technology, 
even with advanced liberalization, as usual there is 
close manufacturer-user R&D cooperation between 
Ericsson and Televerket. The joint development 
subsidiary Ellemtel, founded in 1970, is a mere 
rubber stamping of the diverse cooperations 
between Televerket and Ericsson (Fig. 10). Other 
areas for cooperation derive from state programmes 
sponsored either by STU alone, like, for example, 
the R&D programme in mobile radio, initially 
involving only the universities and Ericsson, then 
later on also including Televerket, or the national 
information technology programme conducted by 
several state organizations simultaneously. 

National R&D activities are heavily influenced 
by the Philips group. From the technological 
standpoint, general image transmission can be 
regarded as the Dutch specialist area. R&D 
expansion in wired telecom and in digital 
communications technology can be expected in 
the coming years as a result of the intensified 
engagement of APT. It is generally accepted that 
telecommunications technology in the Netherlands 
fulfils a key function in many application areas, 
but that it does not have a pole position among the 
main fields of national technology. 

Both at Televerket and. to an even larger extent, 
at Ericsson, the internal R&D structure is charac- 
terized by divisionalization. On the one hand, this 
is a reflection of the Swedish sectoral research 
model in miniature, i.e. at company level. On the 
other hand, this type of R&D organization. at least 

3.10. Sweden 

R&D organization in the Swedish tele- 
communications sector is characterized by a high 
degree of cooperation between participants (281. 
Technical universities and research institutes 

Fig. IO. Most important R&D actors in telecommunications in Sweden. 

including estimated R&D expenditure as of 19X7 (USSlOW million). The 

meaning of numbers and arrows is explained in the legend of Fig. I. 
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as far as Ericsson is concerned, results from the 
preponderance of concrete product development 
as opposed to only a minimal proportion of 
overlapping research relative to the R&D volume 
as a whole. The advantages of this type of 
organization lie in high market-proximity product 
development, the result of individual departments 
being solely responsible for their own product 
development. Disadvantages arise where inter- 
disciplinary tasks need to be performed, as the 
appropriate skills. although available, are scattered 
over the company. 

Televerket’s role in the telecommunications 
R&D process in the new, i.e. liberalized, organ- 
izational structure is not without its problems. 
Whereas Televerket as a state establishment is 
responsible for sectoral research for the entire 
telecommunications sector, and therefore also for 
manufac~~ng industry and other carriers (cu~ntly 
only Comvik), Televerket, particularly the pro- 
duction subsidiary Teli plus diverse software and 
service subsidiaries, itself is exposed to competition. 
This means that the results of telecommunications 
R&D initiated and financed by Televerket are 
supposed to be made available to the entire 
telecommunications sector. But in direct competition 
(confidential), R&D is a company’s trump card to 
be played as circumstances dictate. 

The image communication and transmission 
fieIds must be regarded as a Swedish R&D deficit 
area. Imported Japanese competitor products 
clearly dominate here. The country’s technological 
strength obviously lies in wired telecom. 

3.11. European programmes 

Altogether, the European programmes are sufli- 
ciently varied to allow for a flexible and efficient 
European research policy. Nguyen 1291 published 
the following overall assessment. 

COST is devoted to public research. In the area 
of telecommunications, the actions have a broad 
scope but limited resources. There are projects for 
all aspects of telecommunications: public switching, 
transmission, mobile telephony and HDTV. The 

handicap of COST stems from an unfashionable 
and somewhat less effective way to deal with R&D. 
Cooperative, multilateral, public research does not 
fit in with the competitive trend of world markets. 
On the other hand, COST has several trumps: it is 
not a Community programme, and the member state 
pa~icipation is not mandatory, while other Euro- 
pean OECD countries can easily join the projects. 
Second, there is a stronger need, even within 
private firms, for open research. with a strong 
science-based approach where cross-fertilization 
would be maximized. Third, since 1970 COST has 
developed a network of multilateral relationships 
which might be useful in larger and more ambitious 
projects. 

In EUREKA. telecommunications are under- 
represented. The HDTV project, which is not 
exactly a telecommunications programme. does 
not hide the paucity of true telecommunications 
projects. There are several explanations for this: on 
the one hand, telecom manufacturers are used to 
getting their support from PTTs, who are both their 
major customers and the main source of subsidies, 
direct or indirect. But PTTs are not present as such 
in EUREKA, where subsidies are given by research 
or industry departments. Also, RACE and EUREKA 
have been run concurrently. starting in 1985. and 
the manufacturers have joined the former instead 
of the latter. 

Compared to ESPRIT II, where user-producer 
integration and joint product development becomes 
the rule, EUREKA seems to lag behind, at least in 
the communications industries. This is paradoxical, 
since EUREKA is supposed to be closer to the 
market than the ‘precompetitive’ ESPRIT pro- 
gramme. More generally. Communi~ programmes 
are now much more ‘visible’ than the EUREKA 
initiative. because the management team is much 
stronger. the public support is higher and more 
effective, and the decision making procedure easier 
to follow. since the call for proposals in ESPRIT or 
RACE gives rise to a general bargaining between 
the member states: this is a collective decision: in 
EUREKA. instead, each country has to approve 
the project presented by the national firm: the 
result is a sum of individual decisions. 
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RACE is aimed at a single, well-defined objective, 
the implementation before 1995 of a prototype of 
the IBCN (Integrated Broadband Communication 
Network) taking into account the evolution of the 
ISDN (Integrated Services Digital Network). The 
IBC will be made up from tibre optics devices, and 
will support applications ranging up to the HDTV 
transmission. RACE has developed a consensual 
approach with PTTs, manufacturers and some 
users. 

However. RACE has some drawbacks. First, the 
IBCN will possibly not evolve naturally from the 
ISDN. The latter. in fact. has a slow penetration 
pace, and the demand for its services is not clearly 
identified. There are major initiatives from large 
users or big service providers to install their own 
broadband facilities which might be at odds with 
the RACE conception. Also, the local cable TV 
distribution networks may offer a possibility for 
moving quickly into broadband interactive net- 
works. The latter eventuality is strongly investigated 
by some Regional Bell Holding Companies. Also. 
the Commission’s efforts. expressed in its Green 
Paper, to promote competition may be contradictory 
with its consensual approach in RACE. Finally, 
the target of designing an IBCN prototype by 1995 
may be far behind what is done by the major 
competitors in Japan and the US. In the latter 
country in particular, some Regional Holding 
Companies (as well as their common laboratory. 
Bellcore) take seriously the hypothesis to implement 
broadband tibre network for residential users as 
early as 1992. The US benefits from the lead of its 
tibre optics industry. which is already reaching 
an overcapacity. Also. the installed base of cable 
TV subscribers gives them a clear advantage. 

In Japan, despite the privatization of NTI and 
the competition of other common carriers. the 
plans to implement the INS (Integrated Network 
System) have not fundamentally been changed. 
There is even a competition between the MIT1 
(Ministry of Industry) and the MPT (Ministry for 
Post and Telecommunications) to subsidize the use 
ofbroadband services in less favoured (rural) areas 
(see section 3.2). 

To summarize this in a sentence. while the US 

approach is decisively demand-pulled (big telecom 
customers and cable TV subscribers will be 
prepared to pay for broadland services), and the 
Japanese approach is supply-pushed (for the 
benefit of the industry), the European approach, 
summarized by RACE, is research-oriented. and 
no priority is given to the actual promotion of the 
IBCN concepts with the customers. On the whole, 
the European programmes (COST, RACE and 
EUREKA) offer a variety of perspectives and 
procedures which are large enough for any economic 
player to find suitable support from European 
authorities 1291. 

4. International comparison of countries 

4.1. Financial expenditure 

The most important national key data in the 
R&D field in the international telecommunications 
comparison are assembled in Table 3. The table 
differentiates overall according to telecommuni- 
cation type, ie. including armament-related 
components and civilian telecommunications. 
Some data are rounded offorestimated. because - 
as explained in the data sources section - they 
have been prepared from extremely diverse sources 
which are not always defined identically. No 
internationally comparable data set is available in 
the telecommunications field. 

Spain virtually plays no major part in research 
and development. while South Korea is almost 
catching up with Sweden and is even overtaking 
the Netherlands in civilian telecommunications. 
There is very little to choose between the major 
European countries. indicating that in Germany a 
smaller share of the general national R&D budget 
is used for total telecommunications-related work. 
Most of the countries considered quote their 
national R&D budget for telecommunications as 
being approximately 10% of their national R&D 
budget. 

This is surprisingly high considering the other 
important areas in the research and development 
field apart from telecommunications. Despite the 
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TABLE3. Overview of national R&D expenditure on telecommunications for the selected countries in 1987: to some extent rounded off or 
estimated 1121 

USA JPN DEU FRA GBR 1TA ESP KOR NLD SWE 

R&D expenditures on ~c,/~rommunit,arions in 
thousand million $ 
As % of all R&D expenditure 
Civilian state financial contribution (wirhout 

network operators) (%) 
Financial contribution hy the Ministry of 
Defencr f%) 
Execution at network companies (X) 
R&D expenditure on civil ~ele~ommurrication.r 
in thousand million $ 
State financiaI contri~ulion (without network 
operators) C%) 
Financial ~ontrihution made hy the most important 
network companies f%) 
Financial contribution made hy manufacturers 
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blurred demarcations in electronics and for infor- 
mation technology as a whole, this is remarkable. 
In an international comparison. Fig. 11 shows how 
truly diverse the financial structures actually are. 

Carriers play an important part in national 
civilian R&D financing in 9 out of 10 countries 
in propo~ions between around 20% and ~%, 
respectively. Only in Germany is carrier engagement 
less than 10%. Then add to this the company- 
financed contribution. In Germany and Japan 
where the military field is unimportant. companies 
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Fig. I I. Sources of funds for tclccommunications R&D hy sector in 
19x7 (for country codes see Table 2). 

have absolute sway. At about 70%. companies in 
Korea, the Netherlands and Great Britain are also 
a force in civilian technology to be reckoned with. 
Less important are the companies financing 
telecommunications-related R&D in Spain (owing 
to the state’s heavy civilian engagement), in Italy, 
France (owing to high state engagement in 
national defence), and finally, in the United States. 
where manufacturers’auto-financed work (without 
AT&T which is also a network service company) 
accounts for a flat 30% (including non-civilian 
telecommunications). 

The considerable impo~an~e of company- 
financed R&D in telecommunications is not 
surprising; for averaging all areas of research and 
development, the company sector dominates as an 
institutional R&D supporter. a fact which is often 
overlooked in the multifarious debates on the 
importance ofstate te~h~o~ogica1 policy or the role 
of universities. Note that in countries like Italy and 
Spain, state and private companies are put into the 
same category, thus giving a totally false picture as 
far as the hypothetical intervention capabilities of 
the state are concerned. The United States is a 
special case in that telecommunications-related 
research and development funds rest on three 
virtually identical large pillars: on the prominent 
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work of the network operators - first and foremost 
AT&T; the Ministry of Defense: and private 
manufacturers. This picture certainly does not 
apply to the conduct of R&D, as explained in more 
detail below. Massive state intervention in the 
telecommunications field is via monetary measures 
in the case of France. the United States and Great 
Britain. with a high defence budget well to the fore 
in each case: only in France are substantial civilian 
funds also injected. 

4.2. Precompetitive R&D 

The considerations in the following section 
relate to the statistical distribution of publications 
in telecommunications-related research work in 
the field of fundamental and applied research. 
Figure 12 shows the distribution of the appropriate 
indicator in the ten countries investigated, and in 
four types of institutions: colleges. non-college, 
mainly non-profit making institutions, carriers 
and manufacturers. 

Carriers who also produce appliances have been 
included in the carriers in each case, A general 
glance at the distribution first points to the relevant 
importance of the university or college sector 
which does not show up in the finance side. This is 
because at universities. only so-called ‘third party’ 
funds show in the monetary balance sheet. while 
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research projects at colleges which operate on a 
basic allocation defy detection. Telecommunications 
is not a field that can be defined in terms of 
academic specifications, so no inferences can be 
drawn about work relevant to telecommunications 
from the distribution of professorships or university 
staff in various areas of research [ 151. Bibliometric 
statistics are therefore the only route for evaluating 
the contribution made by universities. It is 
impossible to say whether the indicator value is 
reasonable for the volume. It can generally be 
assumed that the publication propensity in colleges 
and in academic spheres is generally higher than 
within industrial companies. Despite these possible 
distortions. institutional classification of tele- 
communications-related R&D work based on 
published statistics at the moment is the only way 
of covering structural aspects (alternatively. there 
is also the patent indicator. but owing to the 
demand for commercial exploitability this again 
very firmly rules out the college sector. as the 
financial expenditure has already done). 

Figure 12 shows very clearly that the importance 
of the college sector is greater in smaller 
countries. In the case of the United States. Japan. 
Germany. France and Great Britain. its contribution 
is limited to roughly 30% or less. whereas in Spain it 
dominates, and in South Korea and Sweden it 
accounts for approximately 50%. The importance 
of non-academic research institutes - depending 
upon the structure of the country - is variable. 
usually being a safe 10% at least. The part played by 
non-college. mainly non-profit making institutes 
in the United States. Spain and Sweden is par- 
ticularly small. while telecommunications R&D in 
South Korea and the Netherlands is very reliant on 
this area. In Korea. this is a direct consequence of 
state promotion, aimed at raising the research 
infrastructure of the country quickly. whereas a 
series of international organizations based in the 
Netherlands make their presence felt. Carriers, like 
institutes in most countries. account for 5-10%. In 
Great Britain. France and the United States they 
play a more important part, while in the case ofthe 
United States. account must be taken of the fact 
that the powerful carrier AT&T has the world 
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famous Bell Laboratories at its disposal, whose 
impo~ance must again be attributed to a combi- 
nation of services and appliance business. The 
Japanese carriers Nl’T and KDD are exceedingly 
important. Although totally or comparatively 
inactive on the appliance business side, they 
contribute very substantially towards the crop of 
publications from Japan. 

Whilst the role of the manufacturers is. on the 
one hand, confined to functions which they 
safeguard in regard to precompetitive and applied 
research, on the other, in many cases, it is 
undoubtedly distorted by the fact that some 
companies operate a purposive publicization 
policy which in some cases gives its leading 
employees freedom, for example, through partici- 
pation at conferences to disclose research projects, 
or specifically prohibits this. However. it would not 
be erroneous to state that in Spain and Korea the 
corporate sector does’not play any more major part 
than is suggested by the indicator in Fig. 12. In 
most other countries, the corporate cont~bution is 
between 30% and 50%: also a reasonable order of 
magnitude according to qualitative assessment. 

4.3. Industrial property rights 

Since patent rights have a finite lifetime dependent 
on the payment of fees and generally can run for 
some 20 years. and as the fast drive towards 
innovation has hardly been fully utilized, the so- 
called ‘five year patent potential indicator’ has 
been selected for the next evaluation. This sums up 
the patent applications made over the last five 
years prior to the moment of assessment, so that the 
potential of the existing patent rights can he 
estimated 191. An economy which at this point in 
time is not very lively, but can look back over a 
large volume of protective cover, is graded high in 
this assessment. in comparison to a newcomer who 
has remained passive for a long period and has 
only recently begun invention activities. 

considered here. Japan has elevated itself to leader 
status in industrial patent rights, its progression 
being sharper than that of the United States, which 
has also been able to improve its position. although 
not to the same extent as Japan. Japan ‘overtook 
the United States roughly in 1980; however. since 
1984. the markedly increasing international patent 
volume appears to have slowed down in both 
countries. Germany has also registered growth 
rates but at a lower level and with a lower rise. 
Great Britain’s being even lower still. The trend in 
France was upwards until 1983, but since then the 
diagnosis has been one of declining patent potential. 

Figure 14 shows the trend for the teiecommuni- 
cations field as a whole in the smaller economies. 
In contrast to the situation for precompetitive 
research trends. among these countries the Nether- 
lands clearly has the ascendency over Italy which. 
in turn, was outstripped some years ago by Korea. 
Sweden remains roughly constant, while patent 
activities in Spain (at any rate, those of inter- 
national importance) are negligible. 

4.4. National trade performance 

Figure 13 shows the change in technological International competitiveness figures for tele- 
potential since 1979 in the entire field of teie- communications have not been surveyed in a 
communications for the five major economies systematic manner. Data are available for wired 

1979 1980 1981 1982 1983 1984 1985 1986 

Fig. 13. Technological potential (indexed arbitrarily) in telecommuni- 
cations 1979-1986 hased on patent potential hy live largercountries and 
six major European Community countries combined (for count? codes 

.see Tat-&e 2). 
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Fig. 14. Tcchnoiogical potential (indexed arhttrarily) in telecommuni- 
c;ctions 197Y-IYXh had on patent potential hy smaller countries (for 

country codes we Tahlc 21. 

communications (so-called. line equipment 1301). 
The national shares of exports in total world trade 
in line equipment are given in Table 4. The table 
includes 1985 world export shares (WExS) as well 
as the increase in exports (d Ex) since 1978. To what 
extent export shares are a valid indicator of 
competitiveness is discussed elsewhere [ 14.31.321. 
There. it is concluded that the decisive factor is not 
the absolute level of exports. but rather the world 
market share. An unequivocal. simple definition of 
competitiveness, however. is not in sight in current 
economic modelling 1141. 

The export indicators are linked to technological 
performance figures by means of patent statistics. 
The Patent Potential (PP) indicator is employed for 
the year 1985. The data are similar to those of Figs. 
I3 and 14. but limited to relevant inventions for line 
equipment (see below: data source is Grupp and 
Schniiring 1161). For the sake of brevity, data 
compilation is not explained here in detail 191. In 
short, the PP indicator reflects international patent 
output by correcting several distortion factors: 
home advantages (domestic patenting) in the 
country of residence. market preferences due to 
corporate sales strategies, and attractiveness and 
size of export markets. The PP indicator must be 
based on patent data from more than one patent 
office, in this case the USPTO. EPO and DPA. As 
there is a time lag for market success indicators as 
compared to patent indicators (by priority dates) of 
two to four years f9] in modem areas of technology, 
the PP priority years 1981-1985 would best corre- 
spond to exports in 1985. 

Table 5 lists the numerical results of several 
regressions. First. patent indicators in the subfield 

TABLE 5. Correlation ol’comP”titivC‘“ec\(variou\ewport indicatorstin 
line equipment. technologwal pcrformancc (patent indicator for wrcd. 
image. digital and lihre \uhlicld\) ;~nd R&D input \tructurc (fund\ h!. 
wctors) 
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of wired telecommunications (as defined in Table 
1) do not correlate with exports in line equipment 
(no regression results are given in Table 5). The 
reason is that these exports nowadays include 
products for image transmission (e.g. facsimile) 
and optical transmission (e.g. fibre cables). Indeed, 
the combination of wired, image, digital and 
optical subfields (see Table 1) yields some cor- 
relations with exports {Table 5). Thus. it is R&D in 
these four subfields in the countries compared 
which lays the ground for economic success in line 
equipment nowadays. 

Further. a considerable number of correlations 
between R&D input structure (from Table 3) WKWS 
technology development (patents) and competitive- 
ness (exports) have been computed (see Table 5). 
Preferably. R&D figures preceding the export and 
invention years were required, but are not 
available. Therefore. with the assumption of a 
fairly constant relative national R&D expenditure 
structure. the 1987 data were taken from Table 3. 

The results are very simply summarized: there is 
nearly no correlation independent of the arrange- 
ment ofindicators. The share of network operatois 
R&D execution (NRD) within the national activities 
as of 1987 does not explain national competitive- 
ness. The same is true for the national share of 
governments in civilian R&D funds (GRD). Only 
in the case of military R&D funds (MRD) contri- 
buted to the national budget. among many insigni- 
ficant correlations one fairly negative one was 
found: the higher the defence R&D shares in 
telecoms are. the lower is the expected world export 
share (see Table 5). These results must be rather 
disappointing to those who claim that privatization 
and network operator deregulation are prerequisites 
for international economic success. 

4.5. National R&D efficiency and export 
performance 

Linear and non-linear programming immedi- 
ately suggest themselves as appropriate tools for 
efficiency measurement. However. the measures of 
scientific and technological excellence are non- 

monetary in nature - they do not represent 
labour-hours or capital dollars. but rather 
comparative metrics. This makes conventional 
programming models unusable [6]. 

A version of linear programming exists, however. 
that was explicitly built to measure the efftciency of 
‘decision-making units’ (which could be countries. 
industries or individual firms), and that does allow 
qualitative inputs. This approach. devised by 
Charnes and Cooper in 1978. is known as Data 
Envelopment Analysis (DEA). Essentially, it 
examines which decision-making units (DMUs) 
are on their production possibilities frontier, or 
isoquant, and which are not [32-351. 

For a set of decision-making units. in this case, 
eight countries, a vector of inputs measuring R&D 
resources (in this case total R&D expenditure 1987, 
civil R&D expenditure 1987. actual foreign patents 
(1982-1984) and long-term patent potential (1975- 
1984) as well as actual scientific publications 
(1985-1987) and long-term scientific stock of 
publications (1973-1987)) and a vector of outputs 
(in this case export shares in 1985) must be defined. 
Efficiency is achieved by obtaining the maximum 
value of output per unit of input. The problem is 
precisely framed by Grupp et al. 161 and not 
displayed in its mathematical form in this paper. It 
is six-dimensional input-wise and one-dimensional 
output-wise in this case. 

This model seeks to maximize the ratio of 
weighted outputs to weighted inputs. for an 
arbitrary decision-making unit. subject to the 
constraint that the same ratio for the other 
decision-making units should not exceed unity 
(which is maximum efficiency). 

By solving this programming problem (n + 1) 
times, each time with a different DMU serving as 
the referent unit, the efficient hyperplane can be 
identified and measured. and each DMUs distance 
from it can be measured in various ways (n is the 
number of DMUs). The input and output weights 
chosen are those that minimize the distance 
between each DMU and the efficient hyperplane. 
They have the economic interpretation of ‘shadow 
prices’. The two main scalar measures of inefficiency. 
for this input-minimizing model. are 
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l 8, the proportional reduction in inputs possible 
in order to obtain the projected input values; 

l CT. the summed weighted value of the output 
slack (difference between actual and efficient 
output). weighted by shadow prices. and excess 
input values. also weighted by the corresponding 
shadow prices. 

Thus. 0 measures only that portion of economic 
inefficiency that could be eliminated byproportional 
reduction of inputs. It is the proximity to the facet 
of the piecewise linear envelopment surface. Even 
after reducing inputs by 8. however. some inputs 
may still exhibit slack. cr measures the weighted 
Euclidean distance between the actual input and 
the efficient input. 

By using the above-mentioned vectors and 
corresponding data from Tables 3 and 4. together 
with related patent and publication data (see Figs. 
12-14 [ 161). for eight of the ten countries examined 
in this paper. efficiency indices may be obtained 
(Table 6). 

The results indicate that only Sweden is most 
efficiently directing its R&D towards exports in 
line equipment. Measured by 8. the Netherlands 
are next. followed by Germany. Japan. Italy. 
France. and finally the United Kingdom and the 
USA. From this analysis it is quite clear that the 
most deregulated national telecommunication 
systems. like those in the USA and Britain, do not 
have any pronounced advantage in R&D efficiency 
as measured by trade performance. Japan is less 
efficient on international markets. which is to be 
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explained later in the text. Measured by a. however. 
Japan’s disadvantage is less balanced across the six 
input variables than that of the US. 

DEA places no restrictions on the functional 
form of the production relationships and makes no 
apriori distinction between the relative importance 
of any two outputs or of any two inputs. While DEA 
is non-parametric. it is not free of the necessity for 
further modelling and theory. For example. 
assumptions about the underlying relationships 
between the input variables essentially influence 
the efficiency measures. At this point. the above 
results are not further assessed entirely; merely the 
less efficient input variables per country, each 
taken alone. are discussed in a qualitative way. 

For the United States, a too large R&D budget is 
characteristic. With the civilian part being close to 
the efficiency benchmark. this is nearly entirely 
caused by defence-related activity. With the patent 
potential being fully efficient. there is some excess 
in more recent patenting. Compared to its export 
sales. the United States produced very many 
scientific papers in the 1970s (stock of papers), but 
less so recently. For Japan. both paper and patent 
production exceeds the efficiency facet. Both 
France and the United Kingdom operate with large 
defence-oriented R&D budgets. whereby the civilian 
part is efficient. In addition. France tends to 
produce too many patents. and Britain too many 
papers. if measured against the respective export 
shares. Germany and Italy are a little bit in excess 
of efficient inputs for each of the input variables 
except the non-civilian R&D budget. whereas the 
Dutch foreign patent production is much too 
strong compared to the other countries and Dutch 
exports. 

On the national level. it is difficult to look 
for reasons for good or fair efficiency of tele- 
communications R&D. as the various sectors may 
perform very differently. Therefore. a similar 
analysis broken down to network service and 
manufacturing companies follows. (The terms 
‘common carriers’, ‘carriers’. ‘network companies’ 
or ‘service companies’ are used with identical 
meaning. differentiating these telecommunication 
companies from manufacturers.) 
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5. International comparison of carrier 
R&D 

In the previous section, it was stated that in most 
countries. carriers are behind manufacturer R&D 
activities, yet they have a substantial bearing on 
the progress of technical development in tele- 
communications - at least insofar as procurement, 
prescription of standards. and the like. are 
concerned. Carriers are therefore considered 
separately in this section in regard to linancingand 
execution of R&D. Table 7 gives an international 
overview of internal and external R&D expenditures. 
R&D intensity and staffing levels. 

By cross-referencing with Table 3. it can be seen 
that in the United States and France, half of the 
national civilian expenditure is financed by network 
operators. In the case of the United States, this is 
attributable to R&D by AT&T, who largely do their 
‘own thing’. and is geared to the manufacture of 
new equipment. None of the other carriers maintains 
its own telecommunications goods production 
facility on this scale. and therefore no corresponding 
R&D needs to be carried out along these lines. The 
special financial situation applying in France is 
ascribable to the interlinking of France Telecom 
into the national structure. Network operators 

TABLE 7. Ovcrwcw of R&D cxpcnditurc and pcrso~~~~l 01 wlc~trJ 

network operators in IYX7 (partly rounded off or cctimatcd) 

Group Of 

companicb 

lntcrnal and R&D intensity Own R&D 
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40,) 

I x0 

750 
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from all other countries contribute up to a 
maximum of 25% towards the financing of the 
civilian telecommunications sector. Although NTT 
in Japan projects itself as being a more powerful 
and centralized carrier. its financial clout is of the 
same order of magnitude; Japanese business 
largely favours self-linanced R&D which is, however. 
coordinated with NTT. Such processes cannot be 
expressed in monetary terms. In the international 
comparison, the expenditure by the German postal 
service shows up as being strikingly low, which ties 
in with the fact that companies, as in Japan. rely 
very heavily on self-financed work. 

Applying DEA analysis for the carriers of Table 
7, turnover (or sales) data for 1987 may serve as the 
output variable. On the input side, the R&D 
budget, the R&D personnel, as well as foreign 
patents from 1984-1985 and scientific papers from 
1986 are selected. Table 8 presents the efficiency 
measures similarly to the preceding section. 

Four carriers form the efficiency envelope: the 
Regional Bell Operating Companies (RBOC). the 
German Bundespost Telekom (DBP), the largest 
Italian carrier Societa Italiana per I’Esercizio delle 
Telecommunicazioni (SIP), and the Spanish Tele- 
fonica. They have in common a very low R&D 
operation. and make profit from external inno- 
vations. In the case of RBOC, obviously AT&T 
technology was transferred, at least for the time 
around the divestiture (the data used for DEA 

AT&T 

GTE 

RBOC 

N-r-r 

KDD 

DBP 

France Td&om 

Britirh Tclccom 

SIP 

Telelbnica 

KTA 

PIT Tclccom RV 

Telcverket 

IWY 

Il.42 

I .,n 

0.25 

0.35 

Ia, 

0.20 

0.2’) 

IW 

1.0,) 

0% 

0.43 
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analysis are all reflecting the mid-1980s). The DBP 
is a very low in-house R&D performer and 
procures innovative equipment from manufacturers, 
which are paid for their R&D performed. The 
Mediterranean carriers are traditionally linked to 
powerful multi-national companies supplying 
them with the required technology (the state-run 
IRVSTET group in Italy, Standard Electrica, 
formerly ITT. in Spain). 

Least effective appear to be AT&T for the special 
reasons given above, but also BT, France TClCcom 
and NTT with their many R&D activities dedicated 
towards new products which are manufactured by 
other British, French or Japanese companies, 
respectively. 

Table 9 provides a summary of the role of the 
major carriers within their national R&D systems 
as given by Grupp and Schnoring 1361. In the case 
of vertical integrated carriers, in the USA. Canada, 
Italy and Sweden, close cooperation is an inevitable 
consequence of the enterprise structure. In the 
other countries. various different mechanisms 
regulate the existence of more or less evolved R&D 
cooperation between the carriers and one or more 
large domestic manufacturers. In France, Japan 
and Korea. the mechanisms are so closely meshed 
that a quasi-vertical integration of the R&D 
activities of the carriers and dominant national 
manufacturers can be said to exist in many areas of 
technology. The extent of R&D cooperation and 

TABLE 9. Vertical integration and R&D cooperation of major carriers 

at the end of the 1980s (Source: Grupp and Schndring 1361) 

Carrier Vertical integration Intensity of R&D 

cooperation with 

national manufacturer 

AT&T 

Televerket 

SIP 

Telefbnica 

France T&corn 

NIT 

KTA 

BT 

PTTNV 

DBP 

RBOC 

+ 

+ ++ 

+ 

(+I + 
- +++ 

++ 

+++ 

+ 
- + 
_ + 

scope of influence of the carriers on the R&D 
endeavours of the major national manufacturers 
are (now) less pronounced in the UK the Nether- 
lands and Germany. In these three countries. the 
common carriers and manufacturers are increas- 
ingly pursuing mutually independent R&D policies. 
In all countries, the level of cooperation between 
carriers and manufacturers is more extensive in the 
case of complex systems, such as those associated 
with telephone switching technology, than with 
simple network components and terminals with 
largely standardized network interfaces 1361. 

The common carriers are charged with relatively 
clear technological and industrial policy objectives 
in France, Spain, Sweden, Korea and Japan. a fact 
reflected in their R&D strategies. Especially as far 
as France, Korea and Japan are concerned, it must 
be assumed that decisions on the scope and 
structure of R&D expenditure by the carriers are 
taken not only according to entrepreneurial objec- 
tives, but also with a view of furthering the 
development of domestic manufacturing industry 
and its international competitiveness 1361. 

It is impossible to decide which integration 
model is most efficient. The data from Table 8 
point to efficient carriers with and without vertical 
integration and with and without close cooperation 
with national manufacturers. However, those 
carriers with a very strong cooperative environment 
(France Telecom. KTA. Televerket, NIT) tend to 
feed considerable R&D activities into the manu- 
facturing sector, so that their own R&D efficiency 
balance sheet in the service sector appears to be 
less effective. Again. as on the national level 
(section 4). the quantitative findings are rather 
discouraging for technology policy and R&D 
management. Most of the current preconceptions 
are not justified when measured carefully. This 
means that expectations in the future technological 
competitive position remain the same whether 
there is more or less government intervention via 
state-owned carriers in the national R&D system. 
In particular. technology competition is not 
influenced by the amount of R&D executed by the 
network company (companies) in comparison to 
other national R&D performers. In other words, 
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deregulation or privatization of common carriers 
might be pursued for other reasons, but are not 
necessities for technological competitiveness. 

There is great variance between common carriers 
in the four dimensions of input. Figure 15 plots 
only two of them (external and internal R&D 
expenditure as the mixed input variable reflecting 
at least partially external inputs and patents for 
self-produced technology or purely internal inputs) 
and indicates a reduced - in this case - two- 
dimensional efficiency envelope (without AT&T). 

In the two-dimensional plot. only three of the 
four most efficient carriers are located on the 
efliciency envelope (Telefonica. DBP, RBOC). They 
are efficient insofar as they manage to make use of 
innovation resources in their environment, and 
thus avoid internal R&D activities. France Telecom 
and NTTchannel funds or R&D results. respectively. 
to national manufacturers. as does Televerket, and 
thus appear be less efficient in the R&D/turnover 
dimension, whereas British Telecom (BT), because 
of the company’s strong commitment to digital 
switching (System X see section 3) took out too 
many patents compared to the other carriers and to 
BTs network-related turnover. 

In the R&D personnel dimension (not included 
in Fig. 15). AT&T. PTT Netherlands and Teieverket 
seem to be overstaffed with all the reservations 
made above on special settings, while NTT. KDD 
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Fig. 15. Schematic view ofcarrier isoquants of DEA efficiency reduced 

to two inputs. 

and - again - BT publish many scientific papers 
compared to turnover and their competitors. 

6. International comparison of 
manufacturer’s R&D 

As far as manufacturers are concerned, R&D 
investment represents venture capital spending on 
future competitiveness. The financial contributions 
of the manufacturers indicate their level of partici- 
pation in R&D costs and the associated risk. 
According to this argument, German manufacturers 
are more strongly committed to the costs and risks 
of R&D than those of the other countries (cf. Table 
3, section 4). The difference between Germany and 
neighbouring France is especially marked. All 
other things being equal. a high financial contri- 
bution hinders a manufacturer’s ability to compete 
in the international marketplace because greater 
costs are inevitably reflected in higher product 
prices. This argument is cited by German manu- 
facturers in particular when referring to competition 
from France. But the undoubted plausibility of this 
standpoint needs to be put into perspective, since 
an equality ofperipheral conditions cannot exist in 
reality [36]. 

Another noteworthy point is that stronger direct 
participation ofcommon carriers in R&D expendi- 
ture is generally accompanied by exerting a greater 
influence on the content of R&D work. This may 
have a detrimental effect on the export scope of 
new systems. This suggests that the French R&D 
system, with France Telecom being the dominant 
force and Alcatel-CIT the controlled national 
market leader in the manufacturing sector. will be 
put under pressure by the formation ofAlcate1 NV. 
an international group of companies. Since the 
acquisition of the European subsidiaries of the ITT 
group by CGE and Alcatel in 1987. Alcatel NV has 
generated over 70% of this turnover outside France. 
and has therefore been forced to align its R&D 
activities more firmly with foreign market require- 
ments. This shift in emphasis is calling the leading 
role of CNET and France Teltcom into question, 
and has already caused considerable friction 
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between France Teltcom on the one hand and 
Alcatel-CIT and the Alcatel group on the other in 
connection with some development projects [22]. 

The various arguments have to be seen in 
context if a general assessment is to be made. 
Competitive implications cannot be linked 
exclusively to the financial contributions of 
manufacturers even in cases where the differences 
are as great as those illustrated by Table 3. It is 
equally apparent. however, that an isolated inter- 
national opening of carrier procurement procedures. 
as envisaged by the Commission of the European 
Communities for implementation within the Single 
Market by 1993, could lead to an appreciable 
distortion of competition between European 
manufacturers if the R&D financing systems of the 
member countries are not brought more into line at 
the same time. 

Table 10 gives an overview of the estimated R&D 
expenditure of the 12 largest manufacturers of 
civilian telecommunications equipment in 1987 
[ 161. AT&T has by far the largest R&D budget. The 
firm’s R&D spending on telecommunications 
amounts to more or less the same as that of the next 
four manufacturers together. This mirrors the clear 
supremacy of AT&Ts R&D capacity compared 
with its principal competitors. but extensive R&D 
spending does not necessarily equate with R&D 
earnings, and does not guarantee market success 

[36]. On the other hand, successful R&D work is 
becoming an increasingly important precondition 
of favourable results on the telecommunications 
market. 

In the comparison of R&D budgets in Table 10, 
note that some manufacturers have access to R&D 
activities in other associated business sectors. 
Unlike the groups which specialize in telecommuni- 
cations, namely AT&T, Alcatel. Northern Telecom 
and Ericsson, these enterprises - Siemens. NEC, 
Motorola, IBM. Fujitsu and Philips - benefit 
from synergetic effects that can have a positive 
influence on their innovative capabilities. Note 
that Table 10 lists turnover figures for telecommuni- 
cations goods only. Total AT&T turnover including 
services is quite different. The country-specific 
studies (section 3) also reveal that all the major 
manufacturers cooperate to a greater or lesser 
extent with the large carriers in their countries. 
Exclusive know-how transfer takes place within 
the framework of such cooperation: this is also a 
significant factor when evaluating the innovative 
potential of the leading manufacturers. For these 
reasons, the estimated R&D budgets of the principal 
telecommunications manufacturers can provide 
only an incomplete picture of their relative 
innovative strength. 

To throw some light on the relation of R&D 
activities and market success. a DEA analysis 

TABLE IO. Overview of R&D expenditure and turnover hy major manufacturers of civilian 

telecommunications goods in 19X7 
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similar to the previous sections is performed. In 
this case, R&D expenditures (1987; Table lo), 
foreign patents 1984-1985 [16] and scientific 
publications (1986. same data source) are combined 
input-wise. whereas 1987 turnover is the output. 
Table 11 presents the efficiency measures. 

According to.Table 11, four manufactures are 
efficient. among them AT&T. As it is impossible to 
partition AT&T’s patents, papers and R&D funds 
between the manufacturing and the carrier 
businesses, total turnover was used for output 
measuring. Taking product-oriented turnover alone 
would place AT&T behind the efftciency facet. 
Alcatel is efficient because France TelCcom (Table 
8) is not - these are two sides of the same coin. 
IBM (and also Motorola) perform well; here, the 
cross-fertilization from other business areas might 
be important. 

The two German manufac~re~ included in 
Table Il. with their burden of the German carrier 
DBP doing very little R&D, results in medium 
efficiency scores, which is also true for the two 
Japanese, NEC and Fujitsu. As NTT’ does feed 
R&D into the Japanese manufacturing business. 
this seems to be contradictory. However, the 
problem of all Japanese manufacturing ofcomplex 
systems lies in the fact that the companies are too 
strongly oriented to domestic markets, and have 
had little success in export markets, in particular 
in the USA 1201. 

Ericsson may be compared to Alcatel: because 

TARLE I I. Efficiency measures in converting R&D rescmrces into 

turnover 
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of close links to Televerket (which does not 
perform well in terms of DEA analysis, see Table 8) 
the company has a perfect turnover with com- 
paratively few of their own R&D resources. 

Altogether, the distances from the efficient 
envelope are much smaller in the case of manu- 
facturers as compared to carriers (cf. Tables 8 and 
11). There is no really weak firm in this business 
among the 12 leading companies, despite distinctly 
different national environments. The regulative 
framework - once again - seems not to matter so 
much as anticipated in many economic policy 
assessments. Firms can adopt many ways of 
operation, and thus get along with truly divergent 
national R&D and regulation systems. 

Figure 16 finally plots a two-dimensional envelope 
only for the R&D expenditure and scientific paper 
production inputs. In this way, along with the R&D 
dimension the scientific or basic dimension of 
R&D is depicted. The strong science involvement 
of Philips. GEC and Plessey (GPT) comes as no 
surprise (231 but the - often neglected - attempts 
to become more basic in Japan are clearly visible 
[20]. Because of France T&corn and Televerket’s 
labs, AJcatel and Ericsson, respectively, have no 
reason to invest more in less applied aspects of 
R&D, whereas the positioning of AT&T in Fig. 16 
in the vicinity of Motorola is misleading due to the 
mixing of carrier and manufacturer tasks in the 
data used. 

Fig. 16. Schematic view ofcarrier isoquants of DEA results reduced to 

two inputs. 
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7. Conclusions 

Differing national R&D policies in general and 
distinct regulations and market structures in the 
telecommunications sector have created R&D 
systems that look quite different from each other. 
This in the past was sustainable because of the 
relatively isolated situation of each national market. 
Liberalization ofthe telecommunications markets. 
however. brings pressure on the old national 
divisions of labour in R&D. 

In all countries the government is - directly or 
indirectly - involved in the telecommunications 
R&D system. In the USA. France and the UK the 
governments finance R&D for communications 
equipment for military use. which may have spill- 
over effects to equipment for civil use. In Japan, 
Germany and the UK. the government finances 
R&D programmes directly oriented towards civil 
telecommunications. but the amount of money 
involved is small compared to the national R&D 
budgets. Stronger commitments of governments to 
R&D in telecommunications are the case in 
Sweden. Italy and Spain. The Japanese government 
has a particularly strong influence on civil tele- 
communications R&D through its government 
guidance of the R&D activities of carriers and 
manufacturers. In France. the government has a 
strong influence through the dominant role of 
France TtYtcom and its industrial policy objectives. 
This also applies to the Republic of Korea. All 
these government policies tend to create market 
distortions. 

The role of the carriers differs substantially 
between countries. According to the above esti- 
mations. they perform and finance from 7% of the 
civil telecommunications R&D budget in Germany 
up to 60% in France. This situation has a strong 
impact on the international competitiveness of the 
manufacturers because they have to bear very 
different R&D costs. Thus. the efficiency of 
converting R&D activity into commercial success 
differs considerably. As long as the national 
equipment markets were closed. the different 
systems had no international consequences. Carriers 
which did not finance R&D directly had to pay for 

it (indirectly) with the price of the equipment. But 
the situation changes when the carriers’equipment 
markets are liberalized. Manufacturers which have 
to bear R&D expenditure themselves have a 
disadvantage compared to manufacturers which 
get all their R&D expenditure. or a substantial part 
of it. directly paid by the carrier. Therefore. ceteris 
paribus, German manufacturers would lose the 
competition with French manufacturers in a 
totally liberalized European equipment market for 
carrier equipment as long as France T&corn holds 
on to its R&D system. 

Of course. reality is more complicated than such 
simple models suggest. and so are predictions of 
the outcome of a total liberalization of the carriers’ 
equipment market in Europe. Market success 
depends not only on R&D funding but on R&D 
efficiency, production. marketing and service as 
well. and considerable entry barriers for tele- 
communications systems (like R&D for the adoption 
of the systems. marketing facilities and a service 
network) limit the amount of international com- 
petition anyway. But the observed differences of 
the national R&D systems are certainly a problem 
for the European Commission in its attempt to 
create a liberalized European carriers’ equipment 
market. The author would expect that at least some 
harmonization of R&D financing between Germany 
and France will be a precondition for any further 
liberalization of the carriers’ equipment market in 
the European Community. 

However. the quantitative findings are rather 
discouraging for technology policy and R&D 
management. Most of the current preconceptions 
are not justified when measured carefully. Cross- 
wise. all possible correlations between government 
and network R&D contributions (input structures) 
versus telecommunications world market shares. 
patent positions and their respective increases 
in time have been checked. Among the many 
regressions there was not one highly significant 
one. This means that the expectations in the future 
technological competitive position remain the 
same whether there is more or less government 
intervention in the national R&D system. In 
addition. vertical integration and the intensity of 
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R&D cooperation between national common 
carriers and the related manufacturers, both do not 
result in typical success patterns between R&D and 
commercialization. More and less efficient carriers 
and manufacturers can be found in all modes of 
business operation: there is no optimum and no 
really disadvantaged setting of regulative or business 
environments. In particular, technology competition 
is not influenced by the amount of R&D executed 
by the network company (companies) in comparison 
to other national R&D performers. In other words, 
deregulation or privatization might be pursued for 
other reasons, but are not necessities for techno- 
logical competitiveness. 

Only one of the many input-related correlations 
was fairly significant: world export shares and 
R&D efficiency are negatively correlated with 
defence R&D in telecommunications, which is 
quite natural because it does not aim at success on 
civilian markets but rather at improvements in 
national security. 

Overall, R&D management, technology policy 
and, in particular, deregulation do not seem to 
influence technology development and competitive- 
ness much. At least, the current preconceptions are 
not supported by data. 

From a stricter economic perspective there are 
two questions left. First. the advantages of vertical 
integration for R&D in telecommunications has to 
be questioned. There are theoretical arguments for 
both sides. Empirically. one observes vertical 
integration or quasi-vertical integration in most 
countries, but no success or failure trial of this 
structure can be supported by the data in this 
paper. With the liberalization of the telecom 
markets the situation has changed to some extent. 
Divestiture has separated the Regional Bell 
Operating Companies from the manufacturing 
sector. In Europe, BT and the Deutsche Bundespost 
have loosened their relation with the national manu- 
facturers in R&D, and many carriers have started 
a policy of second sourcing from foreign manu- 
facturers. In principle, this development may open 
market opportunities for foreign manufacturers, 
but there is no empirical evidence yet to answer 
this first question - perhaps. there never will be. 

The second question concerns the competitive 
situation of manufacturers not being vertically 
integrated when their vertically (or quasi-vertically) 
integrated competitors have a monopoly or 
dominant market position on the service side. In 
such a situation, the ‘service division’ can cross- 
subsidize the ‘manufacturing division’ by over- 
investing in R&D. But it is difficult to know what 
the ‘service division’ should spend on R&D under 
normal market conditions, and what would be an 
over-investment. This shows that the liberalization 
of the services market and the R&D policy of the 
dominant carriers are closely related to the liberal- 
ization of the carriers’ equipment market. The 
different national approaches to the services 
market and the distinct R&D policies of carriers 
(and governments) are related to a liberalization of 
the carriers’ equipment market. 

The most interesting and perhaps most 
challenging country included in this comparison is 
Japan. The Japanese R&D system, with its complex 
structure of collaboration and competition of all 
sectors, differs substantially from that of all the 
other countries. The system realizes substantial 
economies of scale and scope in the R&D process 
at the national level. During the past ten years. 
Japan has invested a great amount of resources in 
R&D for telecommunications. She has acquired a 
large stock of proprietary knowledge in tele- 
communications and in more basic R&D. and has 
taken the leading position from the USA in a 
number of fields which are important in future 
development. If the country succeeds in its attempt 
to upgrade its software and systems engineering 
capabilities, it is quite likely that Japanese 
companies will become strong competitors to US 
and European companies in all telecommunications 
equipment market segments, not only in the 
customer premises equipment market. Yet, the 
peculiarities and seclusion of the Japanese tele- 
communication service and equipment markets 
have made the industrial actors focus on the 
domestic arena, on what concerns more complex 
equipment. Therefore, exports from Japan have 
not been so successful as in other industries, and 
thus the efficiency measures used in this paper do 
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not place Japanese companies in top positions. 
Finally. it is important to note that the 

introduction of the formal framework of science 
and technology indicators within the wholly 
sensitive area of modern telecommunications 
R&D may also be regarded as a facility to assist 
subjective assessments derived from expert inter- 
views, and may enlighten economic studies of the 
Schumpeterian type. 

Acknowledgements 

The research work underlying this paper was not 
performed by the author alone. The comprehensive 
study started in 1988, and was strongly, but not 
exclusively. supported by the Wissenschaftliches 
Institut fur Kommunikationsdienste (WJK) der 
Deutschen Bundespost. The author would like to 
thank Dr Thomas Schnoring from this funding 
institution for many clarifying discussions and 
very good cooperation. The study is not based on 
the data displayed in this paper alone. Also 
included were 156 interviews in ten countries. 
Under the author’s direction and supervision, a 
team of eight researchers contributed to the 
interviewing. They also helped to draft the final 
project report (955 pages in the German language, 
two volumes) country-wise. Their contributions are 
gratefully acknowledged and cited in this paper. 
This paper and, in particular, the various efficiency 
analyses, are the work of the author alone, who is 
responsible for any errors throughout this paper. 

References 

A. Heertje and M. Penman (eds.), Evolving Technology 
and Market Structure. Studies in Schumpeterian 
Economics. The University of Michigan Press. Ann 
Arbor. 1990. 
G. Dosi. Economic change and its interpretation. or. 
is there a ‘Schumpeterian approach’? In Heertje and 
Perlman (eds.), ref. 1 (1990) 335-341. 
E.E. Zajac. Technological winds of creation and 
destruction in telecommunications: a case study. In 
Heertje and Perlman (eds.). ref. 1 (1990) 247-262. 

Technovation Volume 13 No 4 219 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

F.M. Bator, The anatomy of market failure. Quarterly 
Journal of Economics ( 1958) 35 l-379. 
H. Grupp, E. Albrecht and K. Koschatzky. By way of 
introduction: alliances between science research and 
innovation research. In Grupp (ed.), ref. 37 (1992) 
3-17. 
H. Grupp. S. Maital. K. Koschatzky and A. Frenkel. 
The relation between technological excellence and 
export sales - A data envelopment model and 
comparison of Israel to EC countries. In print. 
1992. 
H. Grupp and B. Schwitalla. Technometrics. biblio- 
metrics. econometrics, and patent analysis: towards 
a correlated system of science, technology, and 
innovation indicators. In kF.J. van Raan. A.J. 
Nederhof and H.F. Moed (eds.). Science Indicators: 
Their Use in Science Policy and Their Role in Science 
Studies. DSWO Press, Leiden, 1989, 17-34. 
C. Freeman, The Economics of Industrial Innovation, 
2nd edition. Pinter, London, 1982. 
U. Schmoch. H. Grupp, W. Mannsbart and B. 
Schwitalla. Technikprognosen mit Patentindikatoren. 
Verlag TUEV Rheinland, Cologne, 1988. 
C. Freeman. Technology Pohcy and Economic Per- 

formance. Pinter. London, 1987. 
H. Grupp. Problems of Measuring Technological 
Change. Verlag TUEV Rheinland. Cologne. 1987. 
H. Grupp, A quantitative assessment of innovation 
dynamics and R&D management in Japanese and 
West German telecommunications. R&D Manage- 
ment. 21(4) (1991) 271-290. 
Office of Technology Assessment. Information Tech- 
nology Research and Development: Critical Trends and 
Issues. Pergamon Press. New York, 1985. 
H. Grupp, Innovation dynamics in OECD countries: 
towards a correlated network of R&D intensity. 
trade. patent and technomettic indicators. In OECD 
(ed.), Technology and Productivity: The Challenge for 
Economic Policy. OECD. Paris, 1991. 
H. Grupp. On the supplementary functions of 
science and technology indicators in the case of West 
German telecommunication R&D. Scientomettics. 19 
(1990) 447-472. 
H. Grupp and Th. Schndring (eds.). Fotxchung 
und Entwicklung fur die Telekommunikation in zehn 
Landem. Two volumes in ‘Schriftenreihe des Wissen- 
schaftlichen Instituts fur Kommunikationsdienste’. 
Vols. 9 and 10. Springer-Verlag. Berlin. 1990. 1991. 
J.D. Roessner. Prospects fora US National Innovation 
Policy. Futures. 17 (1985) 224-231. 



H. Grupp 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

H. Grupp and D.M. Harmsen. Vereinigte Staaten 
von Amerika. In Grupp & Schndring (eds.), ref. 16.9 
(1990) 41-140. 
M. Maccoby. Transforming R&D services at Bell 
Labs. Research Technology Management (January- 
February 1992) 46-49. 
H. Grupp. Japan. In Grupp & Schnaring (eds.), ref. 
16.9 (1990) 141-239. 
Th. Schnoring and W. Neu, Bundesrepublik Deutsch- 
land. In Grupp & Schnoring (eds.), ref. 16. 10 (1991) 
255-412. 
U. Schmoch. Frankreich. In Grupp & Schnijring 
(eds.). ref. 16, 9 (1990) 241-314. 
H. Grupp, Vereinigtes Konigreich. In Grupp (5t 
Schnoring (eds.). ref. 16.9 (1990) 315-404. 
E. Gruber, Italien. In Grupp and Schndring (eds.). 
ref. 16. 10 (1991) l-43. 
J. Hemer. K. Gutmann and H. Grupp. Spanien. In 
Grupp and Schndring (eds.), ref. 16, 10 (1991) 
45-103. 
E. Gruber and H. Grupp, Republik Korea. In Grupp 
and Schndring (eds.), ref. 16, 10 (1991) 105-1.50. 
B. Schwitalla, Niederlande. In Grupp & Schnoring 
(eds.), ref. 16, 10 (1991) 151-202. 
B. Schwitalla and H. Grupp. Schweden. In G~pp & 
Schnoring teds.), ref. 16, 10 (1991) 203-254. 
G.D. Nguyen. European R&D policy for tele- 
communications. D~kussions~j~~ge zur Telekommuni- 
kationsforschung des Wissenschaftlichen Instituts fur 
Kommunikatiansdienste der Deutschen Bundespost. 49. 
Bad Honnef, 1989. 
W. Neu. Recent changes in the international trade 
pattern of telecommunications equipment industry. 
Diskussionsbeitr~ge zur Te~ekomrnu~~ikation.~o~~rhu~~g 
des Wissenschaftlichen Instituts fur Kommunikatians- 
dienste. 46. Bad Honnef. 1989. 
G. Dosi. K. Pavitt and L. Soete. The Economics a/ 
Technical Change and International Trade Harvester. 
Wheatsheaf. New York. London. 1990. 
A. Chames. W.W. Cooper and E. Rhodes. Measuring 
the efficiency of decision-making units. European 
Journal of Operations Re.search, 2 ( 1978) 429-444. 

33 

34 

35 

36 

37 

A.. Chames. W.W. Cooper and E. Rhodes. Measuring 
the efliciency of decision-making units. European 
Journal of Operations Research. 2(4) (1979) 339 
(corrections). 
A. Chames. W.W. Cooperand E. Rhodes. Evaluating 
program and managerial efficiency: an application 
of data envelopment analysis to program follow 
through. ~anugement Science. 27(6) (1981) 668-697. 
A. Chames. W.W. Cooper and R.L. Clarke. An 
Approach to Testing for Organizational Slack via 
Bankers Game Theoretic DEA Formulations. Research 
Report CCS 613. Center of Cybernetic Studies, 
University of Texas at Austin (1988). 
H. Grupp and Th. Schndring. Research and develop- 
ment in telecommunications - National systems 
under pressure. Telecommunications Policy. (January/ 
February 1992) 46-66. 
H. Grupp (ed.). Dynamics of Science Based Innovation. 
Springer-Verlag. Berlin. 1992. 

Ministry for Research and Technology. He is editor of the series 
of books Fururefor Technology. six volumes of which have been 
published. in addition to many journal and book contributions. 
He is the elected vice-chairman of the Scientific-Technical 
Council of Fraunhofer Society (FhG). a private non-pro~t 
organization for applied research which is running 38 institutes 
in Germany. He was also a visiting Iecturer at Humboldt 
University. East Berlin. on the economics of technical change. 

220 Technovation Volume 13 No 4 


