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This book is a mu st for anyo ne interested in the fronti ers of econo mic research into
technological change and growth, innovation and science policy. It reviews and synthe
sises much of the formal work on these topics, and it sugges ts promising areas for fur ther
research . The authors aim to show that endogen ous growth theory is most fruitful when
constructed from a Schumpeterian perspective. They also emph asise tha t their modelling
approach can be used to ana lyse many rela ted ph enomen a in other areas of econo mics.
However , potenti al reade rs should be wa rne d of the high mathematical skills required to
understand the numerou s models contained in the book. It is wr itten primarily as a
textb ook for upper-level U S gradua te economics courses and as a reference work for
research ers. In spi te of this, I sugges t that with some perseverance, many read ers will find
the book to be a treasure chest of ideas.

Chapter I reviews 'o ld' and 'new' growth theories which do not adopt the Schum
peteri an paradigm . It includes discussion of the Solow mod el an d its modern extensions,
the 'AK ' app roach to endogeno us gro wth mod elling as well as Romer 's main contribu
tions, a ll of which focus on capital accum ulation. The chapter finishes with a number of
probl em s. Probl em s are ad ded to most cha pters. They suppleme nt or extend the material
in the main part of the text. It is a nice feature of the book that solutions a re given at
the end. T hey add abo ut 150 pages to the main text of abo ut 500 pages. Cha pter 2
int roduces a simple Schumpeterian mod el of growth th rou gh creative destruction. A key
feature of Schumpeterian mo dels is that innovations make old technology or products
obsolete, which can imply that growth can be excessive, i.e. welfare reducing, because of
externalities to research .

C hapter 3 integrates the two basic approaches to the modelling of economic growth
intro duce d in the previou s two chap ters, i.e. capital accumulation and inn ovati on , into
a single fram ework. This requires the adoption of a mult isector approach in order to
int roduce the dynami cs of intersectoral spillovers . T he autho rs regard both capita l
acc umulation and inn ovation as complementary and essential for long-run growth and
state that the forces that determine bo th cannot be dichotomised. M an y formal
endogenous growth models have ign ored this somewha t obvious point.

H aving introduced the basics, the followin g chapters focus on parti cular growth
related topics. C hapter 4 studies the interaction between growth and unemployment , in
particular wh eth er faster technological progress spee ds up the destruction of old jobs by
more or less than the creation of new jobs. H owever, discussion of skill-base d techn ologi
cal change is postpon ed until later in the book. Chapt er 5 highligh ts the adva ntages of
the multisector Schumpeteri an modelling approach over on e sector endogeno us growth
models in relati on to the growth effects of energy, natural resource depletion and
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environme ntal pollution . The main conclusion is that becau se technology for crea ting
new knowledge is generally cleane r than that for crea ting ph ysical capital, growth can be
sustaina ble in a Schumpeterian fram ework .

C hapter 6 op ens the black box of R&D by aba ndo ning the notion that it is
homogenous, and by int roducing the distinction between 'fundamental' and 'secondary'
research . One int eresting implication is that in som e model s, too mu ch fundamental
R&D at the expe nse of seco ndary innovation can mak e resear ch sterile by depri ving it
of feedback from expe rience, resulting in lower growth. This possibility depends cruc ially
on th e nature of technology spillovers . It also has impo rtant impli cation s for edu cation
policy, i.e. whether pu blic suppor t sho uld be focused on high er educa tion or primary,
secondary and vocationa l training.

Cha pter 7 attempts to recon cile the traditional Schumpeterian view that compe tition
is bad for growth because it ero des technology rents with the modern 'Darwinian ' view,
based on recent empirical evidence , that competition is good for growth . Using an
extended version of the basic Schumpeterian model of cha pter 2, a complex picture
emerges where the effects of compe tition on growth can be positive for a number of
reason s. It suggests several empirical hypotheses and potenti al tests of the Schumpeterian
approach which ar e awa iting future research.

Ch apter 8 looks at th e vexed relationship between economic gro wth and business
cycles, which for Schumpeter were closely relat ed . Arguments for causation running from
cycles to gro wth, as well as from growth to cycles, are presented . Schumpeter suggested
impo rtant reasons for both causations, i.e. on the one han d, bu siness cycles, and
parti cularl y recession s, may reduce organisationa l inefficiency and resource misalloca
tion, result ing in higher growth, while on the oth er hand major inn ovations (Schumpcte
ria n waves) may cause cyclical downturns. An import an t findin g associa ted with the latter
is that adopt ion of a new 'ge neral purpose techn ology' may result in a large and
prolonged downturn before the positive effects dominate. H owever , severe probl em s
associate d with the measurem ent of output from inn ovativ e activity might produce the
illusion of a slump when in fact the economy is growing a t a healthy pace. Our sta te of
knowledge abo ut the relat ionship between grow th and cycles is still very scant and
unsatisfactory. The cha pter also shows that growth theorists have barel y begun to take
the notion of organisationa l capital seriously.

Distribution al qu estions are introduced in chapter 9. With heterogenous endowme nts
or preferences it is possible that inequ ality reduces growth, and that redistribution
policies favouring the poorly endowed enha nce growth . The reverse causation from
growth to inequality is also explored, and the validity of the Kuznets hypothesis is
qu estion ed. This leads to the discussion of skill-biased techn ological change. The idea
that organisational change might be a source of increased wage inequality is bri efly
introduced as an important issue for further resea rch. Lastly, the chapter looks at the
political dim ension s of 'creative destru ction ' . Vested int erests are introduced int o a
Schumpe teria n model to explore why some societies adopt new technologies more
rapidly than others.

Chapter 10 summa rises mu ch of the curre nt sta te of knowledge about th e role of
education in the growth process. There are two major alternative views. Education can
be mod elled like another factor of production (as in the neoclassical and Lucas
approaches), or it can be assumed to playa special role in the creation, adoption and
diffusion of technology (the Nelson-Phelps approach). Suffice to say that education plays
an important role in economic growth, but that the precise mech ani sm is still uncl ear.
More theoretical and empirical research is needed to advan ce our knowledge of th is
centra l aspec t of growth . The last part of the chapter reviews the recent literature on the
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micro-foundations of ed ucation policy. T he ma in conclusion is that the impact of
ed uca tion policy on growth and the earnings struc ture depends heavily on the design
of policy, i.e. the orga nisation of educa tion funding and the targetin g of public resour ces.

Chapter II considers the impli cations of opening up the main models of earlier
chap ters to int ern ational trade, touching on many current trade-related policy issues.
T he perh aps central findin g is that when a Schumpeterian growth model is integrated
into conventional trade theory, the rat e of technological progress and the patt ern of
international trad e are jointly endogenously determined. In such a model of dynam ic
compara tive advantage , conclusions about th e welfare effects of trade liberalisation are
ambiguous. Because of this, the authors emphasise the need for more empirical research.
In particular , the extent and scope of knowledge spillovers are central to the policy
impli cations, an d more empirical evidence on the importan ce of such spillovers is
urgently needed . O n a critical no te I would like to add that knowledge spillovers are still
treated very mu ch like a black box in the book. Greater recognition has to be given in
future studies to th e different types of knowledge spillovers and their different , and maybe
contra dictory, imp acts. However , I highly recommend the cha pter to an yone interested
in a balanced discussion of the possible imp acts of trade liberalisation.

Chap ter 12 is devoted to a discussion of empirical testing of endogenous growth
model s and 'answers to the man y critics' . It should be requi red reading for any
gro wth resear cher with an empirical inclin ation. After the init ial impact of endoge nous
growth theory in the late 1980s there has bee n a swing back towards neoclassical growth
theory. T he evidence presented in this cha pter provides a convi ncing cha llenge to this
main stream consensus.

Empirical testing of endoge nous growth theori es is severely restr icted by the
difficulties of measuring knowledge. The au thors devote a special appendix to 'some
probl ems in measuring knowledge-base d growth' (pp . 435-48). They highlight the fact
that because of our inability to measure prop erly the inputs and outputs to the creation
and use of knowledge, standa rd measures of GNP and productivity give a very
misleading picture of the state of the economy. The unde rlying problem is tha t the
conceptual foundations of national accoun ting are inadequ ate because they take knowl
edge as un chan ging and freely available. It is a shame that the authors fail to
acknowledge basically all of the previous work on this topic, e.g. the study by Porat and
Rubin l which int rodu ced the concept of the 'secondary information sector ' (which is
evoked in spiri t bu t no t by nam e), the OECD's na tiona l account ing initiative for an
inform ation economy, or the more recen t OECD studies on the measuremen t of the
knowledge eco nomy. This neglect highlight s the fact that major issues associated with
growth in th e inform ation and knowledge economy are only now being (par tially and
ten tatively) acknowledged by grow th theori sts.

The last two cha pters are up-to-date reviews of the literature on R&D man agem ent
and R&D policy. In a sense they are 'add-ens' to the main focus of the book on
endogenous gro wth. The autho rs hope that they will stimulate furth er work on the
rela tionship between the microecon omics of R&D (in parti cular the theory of internal
orga nisat ion) and grow th. It is soberi ng to note that economic theorists are only now
beginning to wake up to this cha llenge. Chapter 13 focuses on the private management
of inn ovation. I find it somewhat irritatin g that the concept of 'a bsorptive capacity' is
ment ioned so late in the book, and tha t the rela ted concept of social capital is not
mentioned at all. In my view they should have been introduced in th e discussion of
knowl edge spillovers. The final cha pter is devoted to the contentious issue of publi c aid
to innovation, i.e. govern ment intervention in the form of targeted as well as un targeted
R&D subsidies and the design of patent legislation.
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Finally, I have some more complaints about research neglected by the authors. There
is no mention of the literature on National Innovation Systems. " The authors seem to
have been fairly selective when referring to non-formal theory. However, the fact that
empirical as well as some non-formal research is mentioned at all in a book written by
top-level economic theori sts is an en couraging sign. More surprising and harder to
understand is that Nelson and Winter's3 well-known evolutionary theory of economic
change and growth is nowhere mentioned in the book.

To sum up, I hope that the small selection of conclusions mentioned in this review
has whetted some of this journal's readers appetite for the book. It discusses literally
hundreds of models. However, it is fair to say that it leaves on e with the impression that
almost anything can be 'proven' in theory. There are still enormous gaps in our
understanding of economic growth in the information age , and there is plenty of room
for further important theoretical and empirical research, as well as non-formal research
which might help us pin down the important factors and causal relationships. This book
provides some of the piec es of the puzzle. There is a need to further integrate the
separate analytical efforts discussed in different chapters in order to uncover som e of
the major missing pieces, and to integrate more insights from non-formal theory to widen
the scope of formal analysis.
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The Handbook fir Law and Practice in Telecommunications by Geppert, Ruhle and Schuster
was published in German in March 1998, 3 months after the full liberalisation of the
German telecommunications market and some 20 months after the legal framework for
a re-regulated market was laid down in a Law on Telecommunications (T elekommu
nikationsgesetz, TKG). This timing made it possible to take into consideration first
experiences with the implementation of the TKG and the realisation of its main
purpose, the establishment of competition in telecommunication markets. The German
process of deregulation is characterised by a step-by-step approach. Over a period of
almost 9 years many preliminary and temporary pieces of legislation were needed to
realise the separation of private and public spheres in telecommunications, and the
abolition of monopolies for all services and for the network infrastructure. This




