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4.1 Introduction 

Public support for research and development (R&D) can be oriented to
wards various objectives: at early stages of the innovation process, explo
ration of technological opportunities is sought. Indeed, short run, profit 
oriented research strategies might lead to too early a focus and to lock-in to 
an inferior solution (Cowan 1991). At later stages, public support often 
seeks to foster the adoption of the new technology. There are situations 
where private incentives lead to under-adoption of the new technology 
(Farrell and Saloner 1986). Even though these objectives may be distinct, 
they can overlap, for instance when several technologies are supported si
multaneously. The purpose of this chapter is to shed some light on the dif
ficulties that could be encountered in such situations. 

This we do by studying the case of the German high-speed train pro
gramme. Several stages have been identified since the launch of this pro
gramme in the early 1970s: in the first (1971-1977), innovations in the 
Magnetic Levitation (at that time a very "un-mature" technology) and 
Wheel/Rail technologies were pursued under the sponsorship of the Fed
eral Ministry for Research and Technology (BMFT). The splitting of the 
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"generic" programme into two separate projects took place in 1977. The 
BMFT was responsible for the further development of the Magnetic Levi-
tation technology, with a short term marketing objective, while the Federal 
Ministry of Transports (BMV) took responsibility for the development of a 
more traditional Wheel/Rail system. We interpret this bifurcation as insti
tutional specialization of the innovation oriented research ministry and the 
diffusion oriented transport ministry. 

From that time, the two projects followed separate paths: the Wheel/Rail 
technology was marketed under the ICE label; the Magnetic Levitation 
(MagLev) technology became stable and incremental improvements were 
embodied in the various Transrapid versions. However, at the end of 2000, 
despite the maturity of the technology, the Transrapid was not adopted for 
the Hamburg-Berlin line. Some of the reasons given were the high costs of 
the technology, its small performance advantage over the existing ICE, and 
demand uncertainty. An alternative outlet for this technology, namely the 
31.5 km Chinese project linking Pudong airport to the Long Yang road-
station in Shanghai, was found only recently. 

In our view, the difficulties encountered by the Transrapid are associ
ated with the type of policy that was followed. While it may seem a "natu
ral" way to cope with technology evolution, the German policy of provid
ing parallel support for "a-synchronic" technologies (Wheel/Rail being is 
seen as the "old" technology and MagLev as the "new") raises several 
non-trivial issues. First, evaluation of the merits of the respective tech
nologies must be conducted at "comparable levels of knowledge". At some 
point, acquisition of new knowledge requires commercial exploitation be
yond the laboratory. Second, implementation of a transport system re
quired high investment in network infrastructures. The need for compati
bility with existing infrastructures heavily influences the operator's choice 
of a technology. Finally, we would argue that delays in technology adop
tion could have irreversible consequences, as (i) improvements to the un
adopted technology do not occur and (ii) the "window of opportunity" for 
its diffusion might be missed. 

4.2 The German High-Speed Train Programmes 

The Wheel/Rail technology (presently marketed under the name ICE) fol
lowed an incremental development path with the primary consideration be
ing compatibility with the existing rail infrastructure. To a large extent, in
novations took place within a pre-defined framework. In contrast, MagLev 
was a radical innovation, at both system and component levels. According 
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to Biillingen (1997), the MagLev technology emerged from an innovation 
process which sequentially followed fairly well defined stages: invention 
(1922-1940), innovation (1960-1967), consolidation (1968-1978), and, 
finally, implementation (1979-present). 

Public support was important in converting what was primarily a tech
nological challenge into an economic one. We therefore look first in our 
historical analysis at the implications of involvement of public institutions. 
Two main periods can be identified in the history of the German high
speed train: in the first (1971-1977), MagLev and Wheel/Rail technologies 
were developed within a global programme. The second period began in 
1977 when the programme was split into two separate projects. MagLev 
was seen as a technological breakthrough project, and Wheel/Rail was 
considered to be a project of incremental innovation. 

4.2.1 The Generic High-Speed Train Programme 

The initial German high-speed train programme was launched after a study 
commissioned by BMV, which identified a need for high-speed guided 
transports. 

4.2.f.f The HSB Study (1969 - 1971) 

The time that public authorities became involved in high-speed guided 
transports is clearly identifiable. In 1969, the HSB group (HSB is the 
German acronym for High-Speed Trains), which had been established two 
years earlier by Bolkow, Krauss-Maffei (KM) and the Deutsche Bundes-
bahn (DB), was commissioned by BMV to conduct a study with the objec
tive of reducing the gap between the speeds of land and air transport. 

The final report of the HSB group was delivered in 1971. Parallel de
velopment of the Wheel/Rail and the MagLev technologies was advocated. 
This raises several points. At that time, it was considered that due to its in
trinsic characteristics (and especially the physical contact between wheels 
and rails), Wheel/Rail technology would not allow a commercial operating 
speed exceeding 300 km/h. The MagLev system (which had entered the 
consolidation phase, see Biillingen 1997) offered the possibility of higher 
commercial speeds (500 km/h was considered feasible). Despite this, both 
these technologies were seen as being possible substitutes for air transport 
for distances of less than 500 km. It should also be noted that the HSB 
study was based on the Hamburg-Koln-Stuttgart-Munich corridor (known 
as the "C line", and which would later have a connection to Frankfurt). 
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The HSB group's recommendations had one major consequence, 
namely the involvement of the BMFT in a high-speed train research pro
gramme. In addition, the DB launched a programme for modernization of 
the rail infrastructure (this programme was known as the "Ausbaupro-
gramm 1970"). The modernized network was designed to support speeds 
up to 300 km/h. 

4.2.1.2 The "Technologies for Transport Systems" Programme 

The purpose of the BMFT funded research programme was to find me
dium and long term answers to the problems raised by the increasing de
mand for transport. Based on the recommendations of the HSB group, the 
programme had two essential components: 

- developing the MagLev technology up to technical maturity (from 1970 
onwards); 

- identifying the technical and economic limits of the Wheel/Rail tech
nology (from 1972 onwards). 

Five research stages were scheduled for each technology: 

- Conceptual study 

- Components study 

- System development and experimentation 

- Exhibitions under commercial conditions 

- System validation by trials in "reality-like" environments. 

The funding scheme adopted by the BMFT was the following: 

- Financing of all research concerning the MagLev technology: this was 
justified by the high immaturity (at that time) of the technology, and the 
(commercial and technical) risks associated with it; 

- Financing of academic research: the argument was that academic insti
tutions had a priori no financial interest in either of the projects; 

- Financing of 50% of the research undertaken by the private sector into 
Wheel/Rail technology, which had short term commercial perspectives. 

The overall BMFT funding for the 1970-1991 period amounted to 1.56 
milliard DM (approximately 780 million Euros) for the MagLev technol
ogy and 0.64 milliard DM (approximately 320 million Euros) for the 
Wheel/Rail. 
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The BMFT programme enabled the construction of a dual-purpose trial 
circuit in Donauried. The construction of a Wheel/Rail prototype was 
scheduled for 1977, with a target speed of 400 km/h. The MagLev tech
nology remained unchanged at a speed of 500 km/h, establishing a trend 
that would be reconfirmed over time, namely a reduction in the (perceived) 
speed gap between the MagLev and the Wheel/Rail technologies. Para
doxically, this did not translate into the DB policy. In the mid 1970s, the 
high-speed ambitions of DB were revised: instead of the initially planned 
speed of 300 km/h, the redesigned network was only capable of supporting 
speeds up to 250 km/h. This conservative policy had dramatic conse
quences for the development of the high-speed Wheel/Rail system. At that 
time, the conventional El20 locomotive was able to achieve 200 km/h. 
Thus, the need for a breakthrough technological solution decreased as the 
revised target speed became achievable through incremental innovations. 

The Donauried trial circuit project was abandoned in 1977. This can be 
explained in part by certain exogenous factors: low social acceptance of 
the project, a cut in the public budget, etc. However, it can also be seen as 
a willingness on the part of BMFT, as the main financial contributor to the 
project, to focus on breakthrough technologies. Although BMFT's financ
ing of the Wheel/Rail research continued to increase up to 1980, institu
tional specialization had begun in 1977: BMFT increased its commitment 
to the MagLev technology, while the conventional Wheel/Rail players 
adopted an incremental approach to innovation. 

In addition, the diffusion and the rapid growth of air transportation (in
creased number of airlines and routes and significant decreases in fares) 
were having an effect. This increased the pressure to develop high-speed 
trains, with the focus being on the competing alternative high-speed train 
technologies. Thus, high-speed train technologies were seen as defining a 
new generation of land transportation, the various alternatives being re
garded as competitors of, but not exactly substitutes for, air transport. 

4.2.2 High-Speed Trains in an Institutional Specialisation 
Context 

From 1977 onwards, the MagLev and the Wheel/Rail technology projects 
followed different paths. A decision to build a 31,5 km long MagLev cir
cuit in Emsland was made in 1977. In 1978, the DB provided what was at 
the time an unused line (the 23 km long Rhein-Fehre section) for the con
struction of a Wheel/Rail trial line. 
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4.2.2.1 Incremental Innovations to the Wheel/Rail Technology 

The purpose of this trial line was to improve the knowledge about the ef
fects of certain parameters (ground stability, rail inclination, etc.) on the 
Wheel/Rail system and to check the operational character of new informa
tion and guidance systems. The decision to interrupt the construction of the 
Rheine-Fehre section was quickly taken by BMFT. But when the French 
TGV came into service (in 1981), the DB launched the "Hochgeschwin-
digkeits Verkehr" programme, out of which was bom the ICE project 
(1982). In 1991 (i.e., 10 years later), the ICE train was put on the market 
on the Hannover-Wurzburg and Marmheim-Stuttgart lines. 

The ICE demonstrated the willingness of the DB to benefit from a solu
tion, which was compatible with the existing infi*astructure. This led to a 
partial disengagement of the BMFT. To an extent, the ICE development 
was seen as the answer to international competition constraints. 

4.2.2.2 Emergence of the Transrapid: Elimination of Options 
and Implementation 

In 1970, and following the HSB group's recommendations, the BMFT 
launched a research programme aimed at supporting development of the 
MagLev technology. The BMFT policy had two stages. The first involved 
preservation of the technological options. The second was characterized by 
a focus on two specific solutions, namely the Electro Magnetic System 
(EMS) technology (supported by the so-called Transrapid EMS consor
tium and by Thyssen-Henschel) and the Electro Dynamic System (EDS) 
technology (supported by the AEG-BBC-Siemens consortium). The main 
principles of the EMS and EDS technologies are depicted in Figure 4.1. 

The decision to build a specific MagLev trial circuit in Emsland came 
about because of the adoption of the Thyssen-Henschel EMS technology. 
This final reduction of the "technology space" was justified by cost mini
mization considerations. Also, it could be argued that the exploration pe
riod had yielded "sufficient" knowledge concerning the comparative ad
vantages of the competing technologies. Finally, in 1977, the BMFT 
expressed its desire to accelerate the pace of development of the technol
ogy in order to achieve rapid commercialization of the MagLev. Therefore, 
the decision favoured the least risky, most economic, technology, which, it 
was considered, could be implemented in the short term. 

It is interesting to draw a parallel between what happened in Germany 
and the choice made by the Japanese in favour of the EDS technology 
(embodied in the MLX prototype). The difference can be explained by 
such factors as the lower sensitivity of EDS to earth tremors and Japan's 
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larger potential market. However, it can also be seen as the result of a di
vergence in terms of the willingness to develop a breakthrough technol
ogy: the EMS had always been a more mature technology than EDS, and 
was generally seen as a "low breakthrough" technology^. 
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Source: http://inventors.about.com/library/inventors/blrailroad3.htm 

Fig. 4.1. MagLev technologies 

The BMFT decision gave rise to the emergence of the Transrapid Inter-
nationaP (TRI) consortium in 1982. The MagLev technology then entered 
into the maturation stage characterized by a sequence of incremental inno
vations. This period officially ended in 1991 when the Deutsche Bahn con
firmed the maturity of the technology. 

4.3 The Role of Institutions in the IVIanagement of Options 

Institutional specialization between the Ministry of Transport and the Min
istry of Research allowed various options to be retained. Option preserva
tion is particularly relevant in mission-oriented projects, which are subject 
to a conflict between increasing information and the degree of freedom 
concerning the future course of the project. 

2 The EDS system relies on superconducting magnets, while the EMS employs 
electromagnets. A brief description of MagLev technologies can be found at 
<http://inventors.about.com/library/uiventors/blrailroad3.htm>. 

^ Composed of Krauss-Maffei, Messerschmitt -BoUcow-Blohm and Thyssen. 

http://inventors.about.com/library/inventors/blrailroad3.htm
http://inventors.about.com/library/uiventors/blrailroad3.htm
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4.3.1 The Importance of Maintaining Options 

Experience reported by ECOSIP (1993) show that the dynamics of a pro
ject are constrained by a conflict between the willingness to reduce uncer
tainty (i.e., to acquire various forms of knowledge) and the desire to pre
serve a sufficient degree of flexibility (or freedom) concerning the future 
course of the project. Those strategies that reduce the conflict between the 
level of knowledge and flexibility either delay the "freezing" of designs 
(i.e., irreversibility), thereby maintaining options, or enable a faster reduc
tion of uncertainty regarding possible options. ICTs, for instance, the use 
of virtual prototyping, can be seen as allowing these targets to be achieved 
more or less simultaneously. 

The usual investment evaluation methods (such as those based on in
vestment rate-of-retum) are not suited to analysis of option preserving pro
jects, since they do not account for the fact that a particular decision may 
shape the set of future opportunities. One method that can be used is to ap
ply option theory (Kester 1984; Cohendet and Llerena 1989). On this ba
sis, an investment will be considered if future options are given a high 
enough (subjective) value. Conversely, abandoning a particular techno
logical option should be seen as a reduction in the future opportunity 
space, and evaluated as such. Unfortunately, difficulties in parameter 
measurement make the application of option theory problematic" ,̂ but we 
consider that the mode of reasoning it involves is crucial for understanding 
the German policies under consideration. We argue that the option preser
vation policy should be linked to the institutional framework that sur
rounded high-speed train developments in Germany. 

4.3.2 The Differentiated Role of Institutions 

In the early phases of the projects (and essentially during the 1970s) nei
ther the BMV nor the DB played an active role in the development of 
high-speed train technologies. All the projects we have mentioned were 
dependent on financial support from BMFT. It is fairly clear that BMFT's 
aim was primarily to promote exploration of different technological op
tions (including the Wheel/Rail technology). 

Basically, BMFT wanted to maintain all the technological options. In 
particular in the 1970-1977 period, BMFT's policy reflected a willingness 
to preserve all the options associated with the MagLev. Keeping all the op-

"̂  Bowe and Lee (2004) apply a real option methodology to evaluate the Taiwan 
high-speed rail project (THSRC). 



4 Technology Policy and A-Synchronic Technologies 123 

tions meant that a final decision could be postponed allowing the projects 
to profit from new knowledge. Such a strategy can be particularly relevant 
in the case of breakthrough (and immature) technologies. Indeed, in this 
case, preserving all the options enabled the acquisition of knowledge relat
ing to the various MagLev solutions. In 1977, the BMFT decided to put its 
main focus on the EMS solution. However, the BMFT continued to ac
tively support the MagLev project (e.g., by financing the Emslang trial cir
cuit), even after the ICE project was launched in 1982. The BMFT had al
ways been optimistic about the opportunities that a MagLev technology 
would open up, even though some economic and technological uncertain
ties persisted. Supporting the MagLev was seen as maintaining a short 
term option to make it possible to switch to a new trajectory were it to 
prove viable and profitable. 

When the international competition and the technological trials showed 
that the high-speed Wheel/Rail system was workable and even economi
cally interesting, the BMV and the DB adopted leading roles. 

In this historical process, the BMFT was the manager of options and the 
BMV/DB jointly acted as the "adopting institutions". The BMFT was re
sponsible for keeping the MagLev option alive until a higher level of ma
turity was reached. We would contend that this specialization by the dif
ferent public institutions involved in the high-speed train projects favoured 
the preservation of technological options. 
However, the necessity for options to be preserved only exists if there is 
the expectation of adding knowledge in the future, i.e. to the expected 
learning processes, either through continued research or through experi
mentations and/or commercialization. 

4.4 Why and how Learning is Done ? 

Learning appears to be a central element of technological evolution, and 
even more so in the context of breakthrough technologies. Whether done 
consciously or not, learning may serve several purposes. The first is to ac
quire information as to the approximate performance, and the potential of 
alternative technologies. We define this type of learning as "exploration". 
The second is to enhance the performance of a particular technology. We 
define this as "exploitation" (the distinction between exploration and ex
ploitation was developed by James March (1991) in an organizational con
text). Whatever its general aim, learning may occur through several modes. 
For our purpose, we adopt a classification of learning modes based on their 
degree of "representativeness" of the real environment. Representativeness 
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is the extent to which experiments are conducted in conditions that mirror 
the real life environment (Pisano 1996). How representative a learning 
mode should be is, in turn, related to the existence (or not) of the relevant 
scientific knowledge (Pisano 1996). 

4.4.1 Exploration vs. Exploitation 

By definition, exploration requires that a diversity of options prevails. 
Conversely, exploitation is the outcome of focused learning within a re
duced set of options. Exploration and exploitation are usually considered 
as being sequential (exploitation follows exploration). This raises the issue 
of timing: when should exploration be stopped? From a decision theory 
point of view, the situation can be modelled as a stopping problem, the 
point being to identify the time when "enough" information (e.g., as to the 
merits of the technologies) has been acquired. Formally, this issue may be 
solved by means of bandit theory (see Cowan (1991) for an application to 
the Technology Policy dilemma). 

The question of timing is crucial for several reasons. First, it is argued 
that, eventually, both types of learning are subject to diminishing returns. 
Moving from exploration to exploitation learning is one way to overcome 
decreasing returns and follow an "optimal" learning curve. The distinction 
between exploration and exploitation learning is not sufficiently fine, how
ever, to allow an analysis of how learning takes place in a breakthrough 
technology context. In the following, we look at the environment in which 
learning takes place. 

4.4.2 The Learning Environment 

Exploration and exploitation learning may occur in various environments. 
Following Pisano (1996), we focus on the ability of various environments 
to represent "reality". Table 4.1 presents a classification of learning envi
ronments in terms of their representativeness. The efficiency of a particular 
learning context depends on the knowledge structure that characterizes the 
sector being considered. In sectors where a strong base of scientific and 
organizational knowledge exists, problem identification and problem solv
ing are likely to be conducted "in the laboratory". Conversely, in emerging 
sectors, characterized by a low level of relevant knowledge, problem iden
tification and problem solving are likely to require commercialization. 

Relevant elements of a sector knowledge structure include the theoreti
cal understanding of fundamental processes, the ability to fully character-
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ize intermediary and final products, and knowledge concerning possible 
scale and second order effects (Pisano 1996). 

Table 4.1. Representativeness of learning environments (based on Pisano 1996) 

Representativeness Learning environment 

High 

Low 

Commercial exploitation 

Experimental running on "production" site 

Experimental running on R&D site 

Laboratory experiments 

Computer aided simulations 

The choice of a specific learning environment can be trivial, as in the 
case of very mature technologies where low representativeness environ
ments yield interesting outcomes. However, it can be a strategic decision, 
which may involve several trade-offs. Especially relevant for our study are 
the trade-offs between 

- cost of experimentation and representativeness of its results; 

- flexibility (due to, e.g., technological or investment irreversibility) and 
representativeness of the learning environment. 

As a further step in our analysis, we recapitulate some elements of the 
role of "doing" in the learning process. 

4.4.3 Learning-by-Doing 

The issue here is to what extent learning requires some form of "doing". 
Following Rosenberg (1982) or Habermeier (1990), it is commonly ac
cepted that practice is an essential element of learning, since interactions 
between products and their use environments are often too complex to be 
predicted. Von Hippel and Tyre (1995) propose a further development of 



126 Patrick Llerena and Eric Schenk 

this proposition by analyzing the role of doing in processes of problem 
discovery and problem solving. Indeed, they argue that doing entails the 
juxtaposition of two complex elements (e.g., a machine-tool and a factory 
environment). Doing provokes the "precipitation of symptoms" (e.g., a 
weak performance), which, in turn, reveal unexpected interferences be
tween the product and its use environment. It should be noted that this ar
gument is far from being obvious: as doing implies increased complexity, 
it might well reduce one's ability to identify problems. 

Following Von Hippel and Tyre (1995), we argue that in stable envi
ronments (i.e. environments that are under the control of the decision 
maker under either perfect expectations or knowledge of the probabilistic 
distribution of events), leaming-without-doing can be achieved, provided a 
sufficient number of possible interactions within the system is investi
gated. Although not a necessary step for learning, doing remains a candi
date learning device as it can reduce learning time and/or monetary costs. 
This is probably even more so in the case of highly complex systems (or 
technologies). However, the importance of doing seems much higher in 
unstable environments (i.e. environments that are out of the decision 
maker's control, where events are unexpected, and there is high non-
probabilistic uncertainly). Here, symptoms emerge as the outcome of an 
endogenous conflict between the system (or the technology) and what Von 
Hippel and Tyre (1995) define as "autonomous problem solvers". This 
conflict gives rise to problems that are difficult (if not impossible) to an
ticipate and generates sets of solutions that are a priori non-predictable 
from the developers' standpoint. 

In turn, we are led to conclude that assessing the weight of "doing" in 
the learning process requires an evaluation of the level of scientific knowl
edge and of the stability of the system environment. 

We have argued that the timing of the switch from exploration to exploi
tation could have an infiuence on the competition between technologies. 
We can now push this argument fiirther: considering complex systems 
(technologies), which benefit from a limited level of scientific knowledge, 
and which are developed within an imstable environment, an anticipated 
switch to practice can be considered as a source of competitive advantage 
as it can speed up the learning process. And, if this is the case, it means 
that the institutional specialization mentioned earlier also becomes crucial, 
because it is related to the nature of the learning processes. 
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4.5 Technology Competition 

While it may seem a "natural" way to cope with technology evolution, the 
German policy of giving parallel support to "a-synchronic" technologies 
(Wheel/Rail is seen as the "old" technology and MagLev as the "new") 
raises several issues. First, evaluation of the merits of the respective tech
nologies must be conducted at "comparable levels of knowledge". At some 
point, acquisition of new knowledge requires commercial exploitation be
yond the laboratory. Second, the implementation of a transport system re
quires heavy investment in the network infrastructures. The operator's 
choice of technology is inevitably influenced by the need for compatibility 
with existing infrastructures. Finally, delays in adoption of new technology 
might have irreversible consequences, as (i) improvements to the un
adopted technology will not occur and (ii) the "window of opportunity" for 
its diffusion might be missed. 

Even though the public authorities (BMV and BMFT) did not initially 
consider them as such, the Wheel/Rail and MagLev technologies should be 
seen as virtual competitors in the market for guided transport. Therefore, 
we would argue that the timing of the projects, especially in terms of 
commercial exploitation, has an influence on the eventual outcome of the 
competition between these technologies. 

4.5.1 The Role of Learning 

The description of the German experience in section 4.2 and the theoretical 
framework presented above are a first step in the appraisal of the German 
high-speed train technology policy. 

Following the earlier arguments, we present a (very) schematic repre
sentation of the learning experienced for the systems considered in Figure 
4.2. The first step refers to the simultaneous development of candidate so
lutions (exploration period), mostly "in the laboratory". After a certain 
amount of information has been acquired concerning the merits of the 
technologies, elimination of candidate technologies enables acceleration of 
the learning process. This might be due to a concentration of financial ef
forts. A few technical solutions are first tested experimentally on a trial 
circuit. Finally, commercial exploitation enables learning on the basis of 
"real experience". 
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commercialization 

experimentation (trial circuit) 

exploration (laboratory) 

" • Time 

Fig. 4.2. Successive learning steps 

Next we consider the parallel development of the Wheel/Rail and the 
MagLev technology as represented in Figure 4.3. Both projects were 
launched in 1971 as part of a global research venture, but, due to accumu
lated knowledge in similar applications, the Wheel/Rail technology un
derwent a rapid learning curve. The "Hochgeschwindigkeits Verkehr" pro
gramme laimched in 1982 gave rise to the ICE project and the ICE train 
was put into service on the Hannover-Wtirzburg and Mannheim-Stuttgart 
lines in 1991. This meant that diminishing returns from the learning period 
were minimized. 

The most important decisions (focusing on the EMS technology and 
construction of the Emsland trial circuit) concerning the MagLev technol
ogy were taken in 1977. We contend that commercial exploitation of the 
Transrapid would facilitate the acquisition of new knowledge. As long as 
there is no "real scale" development and commercialization, the MagLev 
technology will not embark on a new "learning curve". 

The consequences of delaying the implementation of the Transrapid are 
manifold. First, it is still not possible to evaluate the merits of the MagLev 
and Wheel/Rail technologies on the basis of "common experiences". Sec
ond, after more than 500,000 km of cumulative trials, the MagLev dis
played low returns to outlays on experimentation, while the ICE has re
mained the subject of (incremental) improvements (Jansch and Keil 1999). 
This is likely to result in a "learning gap", which may have consequences 
for the opportunities of diffusion of the Transrapid, in particular in those 
markets where the technologies are in direct competition. 
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Fig. 4.3. Learning curves for the MagLev and the Wheel/Rail technologies 

The German case demonstrates a contradiction, which can be observed 
more broadly at the European level. On the one hand, Wheel/Rail tech
nologies, such as the French TGV and pendular systems in France, Italy, or 
Sweden, benefit from similarities with existing systems. In these cases, in
novations raised some specific (technical or organizational) problems, but 
they were developed within (more or less) established boundaries. There
fore there was a degree of predictability, giving greater opportunity for 
leaming-without-doing (see section 4.4). On the other hand, MagLev tech
nologies, such as employed in the German Transrapid and the Swiss 
Swissmetro, did not benefit from previously acquired knowledge^ 

The effects of these differences are far-reaching. First, identification of 
the "relevant" MagLev technologies required the exploration of nimierous 
a priori feasible options. This led to a costly and lengthy exploration pe
riod. Second, learning in a context where little previous knowledge exists 
requires highly "representative" learning environments. In addition to cost 
considerations, the timing of the learning sequences becomes more impor
tant. Finally, we would argue that there are differences between break
through and continuity oriented technologies in terms of the need to carry 
out a "full sequence" of learning steps. 

Due to the structure of the knowledge and considerations of cost, learn
ing in the German MagLev technology was conducted through a complete 

' See in particular Foray (2001) for an analysis of these cases. 
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sequence of steps. For instance, the propelling technology a set of rules 
concerning the infrastructure and control electronics. The necessity for 
learning to follow the full sequence is lessened in relation to Wheel/Rail 
systems since spill-overs from other similar projects can be expected. This 
was the situation that occurred in the late 1990s: before the French pendu-
lar system was developed, there had been several trials conducted in 
France (e.g., Lyon-Modena) based on the Italian ETR460 pendular system 
(cf. Saubesty and Vemimmen 1999). In Germany, the various MagLev 
technologies did not benefit from cross-learning because the systems were 
at a very early stage of maturity and embodied few common characteris
tics. 

This section has introduced some of the elements that can be used as the 
basis for an appraisal of the role of "doing" in learning processes. We ar
gue that this is of particular significance in the switching time from pre-
commercial exploitation to commercial exploitation. The arguments de
veloped by Von Hippel and Tyre (1995) and Pisano (1996) suggest that 
doing plays a crucial role in the learning process involved in "break
through" technologies. But, the necessity for "pre-doing" learning should 
not be underestimated. First, evaluation of the various learning environ
ments must account for the (direct or indirect) costs entailed. Further, in 
the context of high-speed train technologies, factors such as "acceptable 
risk" must be considered. More precisely, the possibility of "catastrophes" 
tends to reduce the decision makers' flexibility in determining the duration 
of the pre-doing learning process. Whether the development of ICTs will 
enhance the efficiency of the learning process substantially (for example, 
through the use of virtual prototyping and computer simulations) is an 
open question worthy of further investigation (see, e.g.. Nightingale 2000). 

Doing and access to a representative learning environment are strongly 
correlated with the existence of a "lead user" (Von Hippel 1988). In this 
respect, the contexts within which the two alternative technologies were 
developed were different. 

In the case of the ICE, the DB had a greater commitment after 1977 to 
the development of the technology. Under pressure from BMV, the DB 
participated directly in the design and experimentation phases of the ICE, 
mostly as a reaction to the development of the TGV in France. In this re
spect, the experimental platform (Rheine-Fehre section) and later the first 
commercialization on the Harmover-Wiirzburg and Mannheim-Stuttgart 
lines, were critical for the fine tuning of the technical and operational solu
tions. In addition, DB's support was essential in providing commercial 
credibility and increasing take-up by other users. 

The Transrapid case stands in stark contrast. The project has never been 
able to attract or integrate a significant "lead user". The position of DB in 
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relation to this project has always been ambiguous, probably because the 
MagLev technology was judged to be too "disruptive". Moreover, the Luf
thansa airline company, which was involved in the process (especially in 
the latest phase), was unable to provide the necessary knowledge and sup
port (in terms of infrastructure, for instance) to enable improvements and 
the fine tuning of the technology to user needs. Partially as a consequence 
of this, the Transrapid, up to the time of writing, has never been able to 
demonstrate its feasibility and economic viability, and thus has lacked 
credibility. 

In this section, we have focused on the learning processes supporting the 
development of technologies. We consider that the "efficiency" of a learn
ing process is closely related to the "correct" management of learning en
vironments, which, in turn, is related to commercial exploitation. 

However, such commercial success of a technology is also dependent on 
effective diffusion opportunities. This issue is particularly relevant to the 
Transrapid case: even though competition between the Transrapid and the 
ICE is officially precluded, the established ICE network is likely to have 
an effect on the diffusion opportunities for Transrapid, particularly because 
of the increasing returns to adoption that occur in network technologies (c/ 
Arthur 1989). 

4.5.2 Network Competition 

Guided ground transport systems comprise complementary elements, such 
as infrastructures, rolling stock, etc. In this context, the geographic diffu
sion of a particular technical system in part defines its economic value: a 
better diffused system enables the junction between more sites, which 
would be expected to increase demand. As a corollary to this, the eco
nomic value of any technical system depends on its ability to become inte
grated into established ones. The deciding factor is the compatibility be
tween established and new systems (see, e.g., Cohendet and Schenk 1999), 
a characteristic of systems that exhibit network effects: the "value" of a 
technology increases with the size of the associated network. The "associ
ated network" can be a technology-specific network when there is incom
patibility with existing technologies, or a shared network when there is 
compatibility with the existing technologies. 

As we have seen, the solutions adopted for the ICE favoured continuity 
(and compatibility) with traditional Wheel/Rail systems. Thus, the high
speed network that was developed during the 1970s provided the base for 
the initial commercial exploitation of ICE, with specific parts being devel
oped incrementally. The rationale for this approach was the low deploy-
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ment costs and the speed of diffusion it allowed. Moreover, the compatibil
ity enabled its speedy implementation on the high-traffic lines, and espe
cially along the Koln-Rhein-Main corridor. 

There are consequences in terms of the opportunities for diffusion of the 
Transrapid in Germany. For both economic and "political"^ reasons, in the 
short run, the opportunities for diffusion of ths Transrapid lie in connec
tions where the ICE does not operate: the fall of the Berlin Wall produced 
some good prospects since at the time there were no high-speed connec
tions between the former East and West Germany. A Hamburg-Berlin 
Transrapid project was launched in 1992, but was abandoned in 2000 after 
re-evaluation. 

The ICE has the benefit of "first mover advantage" over the Transrapid, 
which considerably reduces the latter's scope for diffusion in Germany. 
However, although the incompatibility of the Transrapid with established 
systems is a drawback from a network effect standpoint, it does have some 
positive effects. For the ICE, compatibility generates incentives to exploit 
the existing network. In other words, there is little motivation for DB to 
develop a specific ICE network. Therefore, we would argue that the poten
tial of ICE is not being fiilly exploited: heterogeneity in terms of network 
quality, high and low speed trains using the same tracks, and the con
straints imposed by the frequency of stops, are all handicaps to higher 
transportation speeds. Such constraints would not apply to the Transrapid, 
since its incompatibility would necessitate development of a specific net
work^. 

Since the abandonment of the Hamburg-Berlin project, export has been 
seen as a credible alternative to national implementation of the Transrapid. 
China is constructing a 30 km Transrapid connection between Pudong air
port and the Shanghai Lujiazui financial district, and this should become 
commercialy operational in 2004. Other projects in the United States and 
in the Netherlands have been positively evaluated. 

The Chinese Transrapid project demonstrates a change to the initially 
perceived opportunities for MagLev technology: short distance connec
tions (e.g., airport-city connection) are now being given deeper considera
tion. Such a "re-encoding" is linked to a re-evaluation of the competitive 
advantage of MagLev: flexibility, space saving and ecological aspects (low 

^ Several actors (such as Siemens, Adtrans and the DB) are engaged in both the 
Transrapid and the ICE. 

^ As an instance, the transportation time on the actual ICE Hanover-Frankfurt line 
(339 km) is over 2 hours, while the Transrapid Hamburg-Berlin connection (292 
km) would take 1 hour. 
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energy consumption and minimal noise) and not just commercial speed are 
being classed as essentials. 

Our analysis suggests that, in the short term, implementing the Trans
rapid was of particular importance since its commercial exploitation acts 
as a "technological display" and enables new technological learning. In the 
longer term, the successful introduction in China of the first Transrapid 
connection could open the way for its further exploitation, and once again, 
particularly in China where many high-speed connections are still needed. 

4.6 Conclusion 

The history of the German high-speed train offers rich opportunities for 
analyses. Observation of the development of "a-synchronic", but poten
tially competing technologies led to our focus on the interplay between 
learning and adoption processes. The main point that this chapter has tried 
to emphasize, is that the timetable of these projects, especially in terms of 
commercial exploitation, had an influence on the competition between 
these technologies. 

On the one hand, delaying the commercial implementation of the Trans
rapid has prevented "real scale learning" from taking place and may lead to 
a learning gap between the MagLev and the Wheel/Rail technologies. On 
the other hand, the Wheel/Rail technology benefited from increased net
work advantage, which made the adoption of the MagLev even less likely. 
Excessive specialization between research oriented and implementation 
oriented institutions and difficulties in "relay transmission" makes the 
management of these aspects even more intricate. 

Thus, designing policy recommendations in this context is a very com
plex business. The optimal decision sequence is determined by the value 
that public decision makers (and, by extension, society) attach to the pres
ervation and the eventual exercise of options. This study could be helpfiil 
for anticipating the difficulties that might be encountered in innovation 
processes. 
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