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CHAPTER 1

MODELLING ICT AS A GENERAL PURPOSE TECHNOLOGY:
OVERVIEW AND SUMMARY

1 Introduction

The Lisbon Agenda, a comprehensive and interdependent set of reforms with the aim of making
the EU the most dynamic and competitive knowledge-based economy, has been reassessed to
put more emphasis on the country policy dimension in addition to the EU level dimension.
Priority area in the Lisbon Agenda include promoting the use of Information and Communica-
tion Technologies (ICTs). Additional policy areas that are complementary to the previous one
include completing the internal market for services, and creating a more supportive environ-
ment for business. Moving towards more operational specifications of policy actions, however,
requires the capability to assess the potential impact of such actions on economic growth, job
creation, and social inclusion in quantitative terms. This, in turn, must be based on models
and methods to analyse and test the impact of innovation and ICT investment on growth,
employment and social integration.

After a decade long record of empirical analysis of the relations between innovation, ICT,
growth, and employment, a comprehensive evaluation of available models and methods is still
lacking. In particular an assessment of how models can lead to improvements in policy design
and analysis, both at national and EU levels, is required. Such an assessment is necessary to
make progress in the implementation of the Lishon Agenda and in promoting the role of ICT in
fostering sustainable growth. Most of the existing models linking ICT to economic growth and
employment, both at the macro and the micro level, do not provide a fully satisfactory analysis
of the transmission mechanism of ICT to economic performance and do not take fully into ac-
count the response of different national systems of production and organisation, including the
role of business services, to the development and diffusion of the new technologies.

A different response to a given effort can reflect different economic structures and sectoral
compositions of production. Hence, taking structural and systemic aspects into account is cru-
cial in assessing innovation and ICT impact. More progress is also needed in the analysis and
empirical investigation of the determinants of ICT spending, which is largely if not completely
determined by the private sector; a key element in the design and implementation of policies
aiming at promoting ICT.



Finally, data limitations and the lack of appropriate sets of indicators have been a severe con-
straint in modelling the impact of ICT related policies. In most cases, improvements in model-
ling and policy assessments are possible only to the extent that data availability will allow.

The aim of the present study is to review the existing models focussing on the relationship
between ICT investment, technological innovation and diffusion, and European performance in
terms of growth, employment and social inclusion. To assess the usefulness for impact analy-
ses we focus on both the economic content (richness and detail of relationships and feedback
mechanisms included in the models) and the methodological aspects. In particular the main
objectives of the study are:

° To identify models and tools that satisfy the requirements for evidence based impact

assessment and evaluation of policies and programmes;

° To assess their capabilities for quantitative evaluation of the impact of research and
investment in terms of growth, competitiveness, jobs and social inclusion;

° To identify which further developments and improvements of these models and tools are
needed in terms of modelling and tooling capabilities and in terms of better satisfying
innovation policy aims and design;

° To identify the needs for data and for appropriate systems of indicators and to suggest
improvements where necessary.

2 ICTs are General Purpose Technologies

General Purpose Technologies are radical new ideas or techniques that have the potential to
have an important impact on many industries in an economy. Their key characteristics are:
pervasiveness (used as inputs by many downstream industries); technological dynamism (in-
herent potential for technical improvements) and; innovation complementarities with other
forms of advancement (meaning that the productivity of R&D in downstream industries in-
creases as a consequence of innovation in the GPT). Thus, as general purpose technologies
improve, they spread throughout the economy, bringing about overall productivity gains.

ICTs can be seen as a General Purpose Technology; since computers and related equipment are
used in most sectors of the economy. ICTs have also displayed a substantial level of techno-
logical dynamism spurring not only radical improvement in computational capacity (following
Moore’s Law), but also a successive wave of new technologies (ranging from the semiconduc-
tor to the Internet). Moreover, ICTs have seriously facilitated new ways of organising firms,
including the decentralisation of decision making, team production etc. Thereby ICTs have
clearly exhibited innovation complementarities with other forms of technological progress.



The complex and rich causation mechanisms highlighted in this framework, however, cannot

easily be translated into quantitative models. The impact of ICT cannot be modelled by simply

considering it an additional factor of production. The literature usually distinguishes three

ways in which ICT has impact on the economy:

1 ICT production. One way to grasp the economic importance of information and com-
munication technologies is to consider the role of ICT producers on the economy’s total
value added or GDP. Such an approach focuses on the production process of ICT goods.

2 ICT as capital input. ICT industries provide only limited information about the contribu-
tion of ICT in production. Hence, this approach focuses on the importance of computers
and information technology as an input in other industries.

3 ICT as a special capital input. In addition to their direct (and remunerated) contribution
to output growth, ICTs generate spillovers or free benefits that exceed the direct returns
to ICT capital. Such positive externalities are always characterised by a discrepancy be-
tween a private investor’s rate of return and the rate of return for society as a whole.

A fully satisfactory way of modelling an ICT-driven growth requires a totally new modelling
approach, a demanding long-term research project that deserves to be undertaken. However,
some intermediate steps can be taken, if progress is to be made in the area of quantitative
results and policy simulations. In addition, as long as these limitations persist, it is a use-
ful strategy to complement the analysis carried out with existing large Computable General
Equilibrium (CGE) models with other models that are flexible enough to provide additional
information on the impact of ICT. The comparisons and simulation exercises carried out by the
two categories of models are able to take into account some relevant elements of the impact
of innovation in general, and ICT in particular, which are considered in GPT literature.

In chapter 2, starting from the idea that ICT is a GPT, we show how, in the context of an ag-
gregate production function, the indirect effects of ICT on GDP are larger than the direct effect
(the effect of ICT on GDP as a simple input). Moreover we show how regulation, the composition
of the manufacturing sector and the interaction between ICT and producer services help explain
the indirect (spillover) effects of ICT on GDP. These features are part of what can be classified
under the terms of “facilitating structure” and “policy structure” in the GPT literature.

Chapter 3 contains a comprehensive review of data and indicators for the information society,
as well as for benchmarking e-inclusion.

In chapter 4 through a comparative evaluation of eight CGE models, we present a preliminary
assessment of the impact of policy actions to support ICT adoption. Simulation results with
one of these models (InterFutures) are presented in chapter 5.



In chapter 6 we take into account the endogeneity of ICT and the elements that make it more
profitable for countries to invest in the development and diffusion of these technologies. We
carry out a number of alternative estimations of an ICT equation, one of which will be used to
endogenize ICT in the structural model discussed in chapter 7, where a number of policy simu-
lations are carried out. The rest of this chapter offers a more detailed description of the con-
tents of this publication, as well as a number of policy implications and recommendations.

3 Information Society Technology: Data and Indicators

In chapter 3 we assess the system of ICT data and indicators by evaluating their ability to
provide information on the relationship identified in the analytical models. We also provide
answers to the main policy questions, and suggest improvements. We assess the extent to
which data issues and appropriate systems of indicators put limitations to modelling ICT and
economic performance and indicate directions for improvement.

In order to assess data quality, as a first step, a careful study of the technical notes related
to each data source has been carried out. Combining this information with the data screening
results and a deep coherence analysis leads to the following considerations:

1 The best structured data source is EUROSTAT. It is the best source for Human Capital
information and the only one available for policy indicators. However time series are
currently too short and therefore it is preferable to refer to this source only once the
extension of timed series is increased, except for Human Resources in Science and Tech-
nology (HRST) measures. In this case, ICT data is derived from another source European
Information Technology Observatory (EITO).

2 Groningen Growth and Development Centre (GGDC) is currently the best source for ICT
variables and indicators since data come from official national statistical agencies with
the highest available guaranty for quality and country coverage. However information
on data quality is not entirely clear. Missing data are estimated but it is not indicated
which values are actually missing. This leads to the drawbacks mentioned above.

3 OECD data are affected by many missing values and reveal several inconsistencies be-
tween databases that emerge only when deep analysis is carried out. These data can be
safely used when they are extracted from the same Data Base (no inconsistent behaviour
has been detected when working with a single Data Base).

Once data consistency is assessed, a Core Dataset is identified. It includes basic variables for
growth empirics, ICT measures and R&D expenditures. Time series of selected variables have
the minimum length of 10 years. The Core Dataset has been obtained as a combination of
two data sources (GGDC and STAN OECD) with some overlap. In this case, our suggestion is to
use preferably OECD data sources, because they are gathered directly from National Accounts
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without further elaboration. However, from a sectoral point of view, GGDC data provide a better
coverage than OECD data. ICT variables are available only from GGDC, according to our selec-
tion criteria. For cross-country non-dynamic analysis, we recommend to refer to EUROSTAT.

As a general remark, it can be said that information on ICT is still sparse and of low quality in
statistical terms. A great deal of work is still necessary to obtain a reliable dataset. At present,
a large effort has been undertaken to create a database on measures of economic growth,
productivity, employment creation and technological change at the industry level for all Euro-
pean countries, by the EUKLEMS project. Once it is completed the latter will be a considerable
improvement in terms of data quality and availability, as it will provide an important input to
policy evaluation, in particular for the assessment of ICT impact on economic growth.

As to the issue of e-Inclusion, it has gained new relevance and centrality within the scope of
the strategic plan, i2010 - A European Information Society for growth and employment (CEC,
2005). This has followed the identification as a priority of the achievement of an Inclusive
European Information Society promoting growth and jobs in a way consistent with sustainable
development, and prioritising better public services and quality of life.

Attention has been drawn to the social impact of ICTs and the need to guarantee the benefits
from their use by an ever-increasing number of citizens. Reference to various dimensions of
access (both material and skill access), alongside the implementation of public services, indi-
cates a distinctly richer and more structured interpretation of the themes of e-Inclusion than
in the past. Meanwhile, the concept of e-Inclusion acquires new facets reflecting the complex-
ity of the dimensions concerned and confirming its multiform nature.

In order to reach an interpretation of the concept of e-Inclusion articulated in these terms, a

multi-focus approach is suggested:

° multi-perspective (referring both to individuals and to communities, to the overall
population as well as target groups),

° multi-methodological (utilising both quantitative and qualitative tools)

° multi-dimensional (arising from the fragmentation of the concept into the dimensions
of access, quality of life, participation and empowerment, and the separation of the
indicators into the categories of ‘background’ and ‘advanced’).

The following dimensions may thus be considered:
o access
° quality of life

. empowerment.



The most serious problem associated with the different dimensions of the concept of e-Inclu-
sion, is the uneven availability of data. In terms of the “acces” dimension, for example, there
is a good quantity of data useful to understand trends; the same is true for the “quality of
life” dimension. However, the dimension of “empowerment”, which has only recently attracted
attention of researchers and policy makers, is distinctly lacking. This asymmetry in terms of
data availability inevitably limits the coverage of indicators to the dimensions of access and
quality of life, while reference to the dimension of empowerment remains at a purely theoreti-
cal level.

4 Technology, ICT and Performance: A Comparative Assessment of
Computable General Equilibrium Models (CGE)

Chapter 4 considers a number of Computable General Equilibrium Models (CGE) to identify their

ability to model and simulate the impact on economic performance of technology in general

and ICT in particular. The purpose of the review is twofold. On the one hand, the evaluation
is instrumental to choose the CGE model to be used for simulation exercises of the impact of

ICT on economic performance that is carried out in chapter 5. On the other hand we suggest

possible ways of introducing ICT in CGE models, taking into account the complexity of the

transmission mechanisms present in the models. The models we have considered are the fol-
lowing:

1 NEMESIS, developed by the Research Group System’s Analysis and MacroEconomics Mod-
elling (ERASME) of the Ecole Centrale Paris, the Belgium Federal Planning bureau, the
Chambre de Commerce et d'Industrie de Paris, and the Institute of Computers and Com-
munication Systems;

MULTIMOD, developed by the IMF;

WORLDSCAN, developed by the CPB (Netherlands Bureau for Economic Policy Analysis);
QUEST, developed by the European Commission;

NiGEM, developed by the National Institute of Economic and Social Research (NIESR).

S U~ W

International Futures (IFs), developed by Prof. Barry B. Hughes of the Graduate School

of International Studies, University of Denver;

7 Oxford World Macroeconomic Model and the BAK Oxford New IIS (NIIS) Model of the
Oxford Economic Forecasting;

8 GEM E-3 Model, developed by the National Technical University of Athens.

The list of these selected models cannot be considered exhaustive, but representative for the
range of available CGE models. They have been selected because of their wide application
and/or because of the endogenous treatment of innovation.

11
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The criteria we use to compare and evaluate these models include: the richness of transmission
mechanisms, methodological aspects, the number of relevant endogenous variables, the level
of sectoral disaggregation and the endogeneity of technical change. More specifically we look
at three aspects:

i performance variables;

ii structural specification and detail;

iii  methodological approach.

With respect to the performance variable, the models are very similar. GDP is obviously a per-
formance variable in all models (either computed in levels or in growth rates) while none of
the models explains Total Factor Productivity.

On the contrary with respect to structural specifications and details, the models exhibit dif-
ferent characteristics. This is relevant for the purpose of the topic of this publication. As the
literature points out, ICT has different impacts on economic sectors and a sectoral dimension
is an important condition for a model to properly evaluate the impact of ICT. Models which
include a structural dimension are WorldScan, NEMESIS, IFs and GEM E-3.

As far as the methodological approach is concerned, the models can be classified between
calibrated and estimated models. Both are capable of analysing the impact of ICT investment
on the economy.

With the exception of IF, none of the models considered include ICT as a variable, not even as
an exogenous variable. Therefore, in order to obtain some information about the treatment of
technology in the models, we examine the way in which technological change is modelled and,
whenever possible, whether simulation exercises carried out with these models can shed some
light on the process of innovation diffusion. We focus on the following criteria:

i Richness of transmission mechanisms;

ii Complexity of the factors affecting technology;

iii  Degree of sectoral disaggregation;

iv. Presence of domestic and foreign spillovers;

v Presence of diffusion effects

The models that offer the best mix between the different factors are the IF and the Oxford
model. The former because of the results it provides at sectoral levels, linked with ICT, (which
is not considered in other models); and the latter for the highly detailed sectoralisation, to-
gether with an appropriate (ECM) statistical tool.



5 ICT as a General Purpose Technology (GPT): Modelling its Impact on
Performance using IFs

In chapter 5 we carry out a series of simulation exercises on the impact of ICT on economic
performance, using the International Futures (IFs), model. We have chosen the IFs model to
perform simulation exercises, since it includes a specific ICT sector and it allows ICT to exert
its impact on the economy via different channels, rather than being modelled as a simple
input in a standard production function.

The simulation exercises are examples of a larger set of possible exercises to be conducted
with IFs and possibly other CGE models. Presenting the results, we concentrate on the impact
in terms of GDP, but the exercise can be repeated for employment and other endogenous per-
formance variables. The purpose of the simulations is to show that through the IFs model, it
is possible to study the effects of ICT in a more complex way than by considering its impact
on GDP as an input of the production function.

We consider the following scenarios:
Scenario A - This scenario explores the effect of a more productive capital factor in the
ICT sector. We investigate, whether a more productive ICT sector in the model leads to
widespread effects into the economic system.

Scenario B - This scenario considers a change in the time lag needed for the conver-
gence of the services sector multifactor productivity (MFP) to the one of the ICT sector.
The scenario evaluates the impact of a more rapid rate of adoption and diffusion of ICT
in the service sector, which is typically a large user of ICT.

Scenario C - We simulate different regimes of adoption of ICT technologies in the eco-
nomic system. We use the percentage of networked persons in the economic system as
a proxy for ICT adoption rate.

Scenario D - This scenario explores the effects of a change in the elasticity of multifac-
tor productivity of the ICT sector to the stock of network infrastructure in the economic
system.

Scenario E - In this simulation, similarly to scenario D, we change the value of the
elasticity of MFP of the ICT sector, to infrastructure in communication technology.
Scenario F - In this scenario we assume different regimes for the MFP of the ICT sector
of the technological leader (USA) to evaluate the process of international diffusion of
technological change.

13
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The most significant results are the following:
i A more productive capital factor in the ICT sector, increases GDP, but only in the very
long run;

ii A more rapid rate of adoption and diffusion of ICT in the service sector, leads to a dif-
ferent but rising trend-cycle profile of the MFP growth rate;

iii  Anincrease in the percentage of networked persons in the economic system, a proxy for
ICT adoption rate, leads to a positive impact on MFP and hence on GDP;

iv. Anincrease in the elasticity of multifactor productivity of the ICT sector to the stock of
network infrastructure in the economic system, leads to higher aggregate investments
that, in turn, affect GDP;

v A higher elasticity of ICT MFP to communication infrastructure leads to higher GDP, only
if the change is “big enough”;

vi  Finally, the increase in the MFP of the ICT sector for the system leader (The United
States) has a positive effect on GDP of other countries through international diffusion.

From a quantitative point of view, our simulations produce results with relatively small ef-
fects for the relevant macroeconomic variables. This should not be interpreted as indicating
a limited effect of the transmission channels of the ICT sector in the economic system, but
rather as an indication that appropriate modelling as a GPT, requires a much more thorough
analysis of what is inherently a highly pervasive phenomenon, which can hardly be embedded
in the framework of a “super” model composed of seven blocks (socio-political, demographic,
economic, technological, environmental, agricultural, energy) such as IFs.

With these limitations in mind, the IFs model can nevertheless offer some first useful insights
on the transmission mechanisms of several ICT related policies. The simulation exercises allow
to study the impact of policies aimed at facilitating ICT adoption (increasing the percentage
of networked persons), or affecting the responsiveness of ICT productivity to the general envi-
ronment (network infrastructure, infrastructure in communication technology). Moreover, they
allow to study the interaction between ICT and services. These are elements of the “facilitating
structure” that are emphasised in the GPT literature. Finally, the model can also offer some
insights on the diffusion of the impact of ICT on performance across countries.

6 The Determinants of Adoption and Diffusion of Information and
Communication Technologies

In the standard literature on CGE models ICT is usually considered as an exogenous variable.
The qualitative literature on the determinants and effects of ICT has emphasised the crucial
role played by the “business environment” in facilitating or hampering the adoption and dif-



fusion of the new technologies. A report by Indepen (2005) underlined that simply increasing
total investment in ICT will, in itself, not deliver improvements in productivity and economic
growth. To be productive, this investment also requires complementary changes in the way
organisations are structured and function, as well as in human capital. Hence investment in
ICT by the private sector will be undertaken only to the extent that an appropriate environ-
ment is available to reap the benefits of ICT. Among the factors affecting such environment
one can recall:

° obstacles in making investments in organisational change;

° employment protection;

° educational and skill levels;

° product market regulation;

° the degree of service market integration.

While several qualitative studies have stressed the importance of these factors, to our knowl-
edge no attempt has been undertaken to model their impact on ICT investment and on ICT
profitability. It is therefore important, when modelling the impact of ICT on economic perform-
ance, to take into account the interaction with organisational and structural variables.

In chapter 6 we present estimates of ICT equations taking into account the factors that
promote (or prevent) the investments in information and communication technologies at a
macro level. Our results are in line with the literature on the digital divide, which highlights
the striking difference in the adoption of information technologies between developed and
developing countries. In addition we highlight the role of facilitating factors as relevant de-
terminants for the spread of general purpose technologies, such as ICT. Human capital and in-
vestments in R&D increase ICT investments, while burdensome regulation tends to lower them.
The structure of the economy also turns out to be relevant in explaining the rate of investment
in ICT; countries with a higher share of the service sector notably, are associated with higher
ICT investment. A number of facilitating factors, including the degree of labour market flex-
ibility and the absence of obstacles to start up firms, turn out to be important determinants
of ICT, to the extent that they improve the business environment.

Of particular interest are the results on human capital. Our analysis has been carried out by
using four different measures of human capital:

i total number of researchers over population;

ii science and technology graduates over population aged 20-29;

iii  percentage of population aged 25-64 with at least an upper secondary degree; and

iv. spending in human resources.

15
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All of them perform well, except for the science and technology graduates variable. We are
aware that this result is not in line with what was expected. Given that increasing the number
of graduates in mathematics, science, technology and engineering is one of the EU objectives,
this result requires a further analysis. On the other hand, in line with the EU objective of
reaching a rate of 80% (of the population aged 25-64) with at least a completed upper secon-
dary degree, this variable performed well: a 1% increase in the fraction of population with an
upper secondary degree leads to a 0.5% increase in investment in software.

The variable spending in human resources is also significant in explaining ICT Given that in the
EU most of the education is provided by the public sector, this result further supports the idea
that general education matters a lot for ICT investment.

Finally, R&D expenditure is positively correlated with ICT investment. Since we include this
variable in order to capture the propensity of a country to innovate we expected that countries
that spend more on R&D would be those that invest more in ICT. Not surprisingly R&D expendi-
ture is strongly correlated with the amount of human capital as the availability of researchers
(i.e. educated people) is a necessary condition for R&D activities.

In conclusion, the amount of human capital, the expenditure on R&D, the intensity of regula-
tion measured in a number of ways (business start up costs, product market regulation, and
labour market protection), and the share of the dynamic services sector on the economy influ-
ence either negatively or positively investment in ICT. These results are in line with the idea
that ICT is a general-purpose technology.

7 A Structural Model with Endogenous ICT

In chapter 7 we offer a complementary approach to modelling the impact of ICT, based on
simulations carried out with a small structural model, SETI which has been modified to con-
sider the endogenous determination of ICT. In SETI output growth is a function of (exogenous)
labour and capital accumulation, as a well as of endogenous accumulation of technology and
producer services, both domestic and imported. The introduction of producer services in the
production function can be interpreted as the result of the decomposition of Total Factor
Productivity (TFP) in presence of spillovers generated by the interaction among sectors in the
economy.

Producer services can be treated as a production factor in the same way as intermediate goods.
As a consequence the model can be seen as a way to endogenise the components of TFP and
to take into account the feedback effects of output growth on the TFP components them-
selves. The relevance of technology in the production of services has been widely considered
in literature.



In SETI, the link between services and technology is modelled and tested simultaneously
with the relationship between technology and services. Producer services are also expressed
as a function of the expenditure in information technology (ICT) and of the structure of the
economy, according to how the manufacturing sector is oriented towards the use of services in
production. Therefore some components of the facilitating structure are taken into account.

Technology, as captured by patents, grows with output, through services and through diffu-
sion with foreign technology which contributes to human capital. Technology accumulation in
each country depends both on domestic factors and on the diffusion of technology between
countries. This, in turn, depends on the intensity of technology accumulation in other coun-
tries, on the impact of "distance” between countries, as well as on the ability of importing
countries to use the technology. Human capital in the receiving/importing country measures
the capacity of absorption of technology by the recipient country, while human capital in the
sending/exporting country measures the capacity of the latter to produce technology.

SETI is a multi country model and assigns an important role to the diffusion of technology
across countries. In this respect, it assumes that producer services operate as an attractor of
technology in that the more developed the service sector in the recipient country is, the larger
the demand for technology will be. In this way ICT, as a General Purpose Technology, carries a
supranational, European dimension.

In its original version SETI treats ICT as an exogenous variable; therefore it was not able to
take the full interaction between performance and ICT into account. However, as discussed
above, ICT determination can be made endogenous and the original SETI model has been
enlarged accordingly through the addition of an equation determining ICT spending. The
enlarged version has been used to carry out a number of policy simulations. The following
scenario exercises were carried out:

° elimination of the impact of regulation on services;

° deeper EU integration in the market for services;

° halving of diffusion costs as represented by distance;

° increase of 5% in the level of human capital in both receiving and sending countries;
o a combination of first & fourth scenario

° doubling the impact of R&D spending on ICT;

° elimination of the impact of the administrative burdens on start ups;

° a combination of the latter two above

17
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Results confirm that services are a powerful driver of growth and that deeper integration in
the European market for producers of services does indeed significantly contribute to growth.
In fact, the scenario of ‘deeper integration in the market for services’ shows the highest
relative performance in output and services (both domestic and imported), with respect to
other scenarios. Producer services (and therefore growth) are also boosted by a reduction of
diffusion costs (scenario d), elimination of the impact of regulation (scenario a), as well as a
combination of the two measures.

Technology accumulation is enhanced especially by human capital accumulation. The stock of
technology is higher with respect to baseline, when the stock of human capital (both in send-
ing and receiving countries) is increased. The ultimate driver of growth is technology accumu-
lation and the latter is strongly supported by human capital accumulation. However, for such a
mechanism to produce significant effects, a rather lengthy transmission mechanism is needed.
In addition a larger stock of human capital enhances technology accumulation (and therefore
growth) since it allows to exploit the benefits of knowledge diffusion across countries.

Stronger ICT accumulation enhances technology accumulation and therefore growth over a long
time horizon. In the medium term, growth is more effectively supported through a stronger
diffusion of existing technology and a stronger contribution of services to the process.

The impact of ICT on growth is in turn dependent on the impact of variables affecting ICT on
the production of the latter. Policy can impact ICT only indirectly in a number of ways. More
human capital is the single most effective measure in boosting ICT, followed by R&D, and the
elimination of administrative burdens on start-ups. Higher investment in education, which can
be considered a key public policy strategy, boosts human capital accumulation, and therefore
ICT, and consequently producer services and growth. Human capital also supports growth
through technology accumulation.

8 Conclusions and Recommendations

Modelling ICT as a general purpose technology involves a high degree of complexity. Factors
determining ICT investment and diffusion are numerous; regulatory and business environment
( “facilitating factors”) are of crucial importance, however they are difficult to translate into
a quantitative analysis. We have nevertheless offered a number of preliminary steps towards
a more appropriate modelling of ICT. First we have emphasised the importance of indirect ef-
fects of ICT, which are more relevant than direct effects and also complex to model. Secondly,
we have carried out modelling of ICT impact on performance using the IFs. Thirdly we have
presented results of the estimation of an ICT equation. Finally we have used a structural model
which includes an endogenous determination of ICT to perform policy simulations. Our results
confirm that these two classes of models (CGE and small structural models) should be seen as



complemenatry tools in evaluating the impact of ICT. In addition, we have considered three

databases and identified a core dataset.

8.1 Main Findings

Modelling ICT as a GPT requires a multi step procedure:

When disentangling TFP several elements must be taken into account. We concentrate
on three elements: i) the relationship between GPT (ICT in our case) and specific tech-
nology accumulation, ii) the relationship between ICT and the structure of the economy,
iif) the relationship between ICT and the “facilitating structure”.

The relationship between ICT and specific technology accumulation. One central feature
of a GPT (such as ICT) is that its impact on productivity and hence performance is “indi-
rect” rather than direct. More specifically ICT increases the productivity of direct knowl-
edge accumulation (e.g. investment in R&D), which would otherwise exhibit decreasing
returns.

The relationship between ICT and the structure of the economy is crucial to understand
the channels through which such an indirect effect takes place as well as how strong
such an impact will be. As the use of ICT takes different intensities according to the
sectors in which it is applied, a given increase in ICT investment will generate a dif-
ferent impact according to the presence in the economy of sectors in which ICT can be
better combined with other factors and/or in which organisational improvements can be
more easily introduced. For example business services are intensive ICT users therefore
a widespread presence of such services in the economy enhances the impact of ICT on
performance.

The relationship between ICT and the facilitating structure is crucial in understanding
the extent to which the economic system is prepared to receive and use a GPT such as
ICT. Precisely because of its nature, ICT introduction requires not only a specific invest-
ment in ICT equipment but, even more importantly, a number of facilitating factors that
generate the appropriate environment for ICT adoption.

Elements mentioned above interact in generating a virtuous circle of ICT sustained
growth and the impact of positive spillovers. ICT enhances the productivity impact of
technology accumulation, which facilitates structural and organizational change to-
wards more ICT intensive activities. This, in turn, facilitates the introduction of ICT.

Policy simulations carried out both with the IF model and with SETI confirm some of the char-
acteristics of ICT as a GPT, namely:

due of its pervasiveness, ICT investment can be increased only indirectly, i.e. by acting
upon the characteristics of the environment in which it develops;
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° due to its role as a facilitator of direct technology accumulation as well as a comple-
ment to it (e.g. such as R&D expenditure), increases in ICT are only noticable with some
(possibly long) lag;

° in order to fully appreciate the impact of ICT (a comprehensive analysis of its policy
impact), it should be evaluated in conjunction with other policy measures.

8.2 Policy Recommendations and Implications

The IFs platform, like other CGE models, contains useful features to simulate the effects of
key parameter changes on the economic system related to the introduction and diffusion of
ICT. The magnitude of the effects on performance is dependent on the highly complex set of
inter-connections among the building blocks of Ifs.

From a qualitative point of view, simulations with a CGE lead to reasonable results, namely:

o a more productive capital factor in the ICT sector increases GDP, but only in the very
long run;

o a more rapid rate of adoption and diffusion of ICT in the service sector leads to a differ-
ent but rising trend-cycle profile of the MFP growth rate;

° an increase in the percentage of networked persons in the economic system (a proxy for
ICT adoption rate) leads to a positive impact on GDP;

o an increase in the elasticity of multifactor productivity of the ICT sector to the stock of
network infrastructure in the economic system leads to higher aggregate investments
which, in turn, affect GDP;

o a higher elasticity of ICT MFP to communication infrastructure only leads to higher GDP,
if the change is “big enough”;

o finally, the increase in the MFP of the ICT sector for the system leader (the United
States) has a positive effect on GDP of other countries through international diffusion

The simulation exercises allow us to study the impact of policies aimed at:

° facilitating ICT adoption (increasing the percentage of networked persons)

° affecting the responsiveness of ICT productivity to the general environment (network
infrastructure, infrastructure in communication technology).

These measures do have an impact on ICT and hence on growth. Moreover, they also allow
us to study the interaction between ICT and services. These are elements of the “facilitating
structure” that are emphasised in the GPT literature. Finally the model can offer some insights
also on the diffusion of the impact of ICT on performance across countries.



These results are strengthened by the simulation results carried out with a small structural
model which includes ICT as an endogenous variable.

Results with the SETI structural model confirm that

° services are a powerful driver of growth and that deeper integration in the European
market for producers of services does indeed significantly contribute to growth

° technology accumulation is enhanced especially by human capital accumulation, but
also because a larger stock of human capital enhances technology accumulation and
hence growth, since it allows to exploit the benefits of knowledge diffusion across
countries

ICT investment can be boosted by a number of policy strategies such as:
° more investment in human capital
° lower start up costs for business and lower barriers to labour mobility

° more investment in R&D

Stronger ICT accumulation enhances technology accumulation, and hence growth, over a long
time horizon. In the medium term, growth is more effectively supported through a stronger
diffusion of existing technology and a stronger contribution of services to the process.

ICT spending increases growth indirectly by boosting services. This is in turn dependent on
the impact of variables affecting ICT on the production of the latter. Higher investment in
education, which can be considered a key public policy strategy, boosts human capital accu-
mulation, and hence ICT, and hence producer services and growth.

In summary, our results show that EU output growth can be significantly increased if the avail-
ability of business services and the accumulation of knowledge and ICT diffusion are enhanced.
These results can be obtained both through an improved regulatory environment, through
deeper integration in service markets, and a stronger impact of technology diffusion.
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CHAPTER 1I

ICT AS A GENERAL PURPOSE TECHNOLOGY

1 Introduction

In this chapter we review the literature on the pervasive effects of Information and Commu-
nication Technologies (ICT) on the economy and we report some evidence consistent with the
view that ICTs are General Purpose Technologies (GPTs).

The importance of the institutional framework, organisational issues, public policies, etc., in
facilitating or hampering the development, adoption and diffusion of ICT has thoroughly been
discussed within the framework of techno-economic paradigms and General Purpose Technolo-
gies (GPT). The complex and rich causation mechanisms highlighted in these frameworks can-
not be easily translated in quantitative models. However, since the main purpose of this book
is to provide quantitative tools for assessing the impact of innovation in general, and ICT in
particular, on the economy, the simulation exercises conducted in the following chapters will
aim at taking into account some of the elements that are present in known theories.

After having discussed the literature on the pervasive impact of ICT (Section 2), we will
first present some ideas on how to implement the concept of ICT as a GPT in estimation and
simulation exercises (Section 3). Then we will present some evidence consistent with the view
that ICT is a GPT (Section 4). In particular we will show how, in the context of an aggregate
production function, the indirect effects of ICT on GDP are larger than the direct effect (the
effect of ICT on GDP as a simple input of the production function). Moreover we will show how
regulation, the composition of the manufacturing sector and the interaction between ICT and
producer services help explaining the indirect (spillover) effects of ICT on GDP.

These elements are part of what can be classified under the terms of “facilitating structure”
and “policy structure” in the GPT literature. We will come back to the specific role of these
factors in other parts of this volume and in particular in Chapter 7, when carrying out simula-
tions with the SETI model.

2 ICTs are General Purpose Technologies

2.1 Techno-Economic Paradigms

One of the fundamental insights provided by Schumpeter (1939) is that technological innova-
tions are not evenly distributed over countries, industries and time. Extending on this insight,
already in the 1980s, neo-Schumpeterian authors, following a historical approach, introduced
the concept of a techno-economic paradigm. The concept has been used to refer to a set of
guiding principles, which become managerial and engineering common sense for each major



phase of development (Perez, 1983). Perez (1983, 1985, 1988) and Freeman and Perez (1988)
explain Schumpeter’s long cycles as a succession of techno-economic paradigms.

A change in paradigm involves many clusters of radical and incremental innovations and has
pervasive effects throughout the economy, spreading from the initial industries where it starts
to the whole economy. Moreover it implies not only major product and process innovation but
also organisational and social change. Each paradigm has its own key factors in a particular
input or in sets of inputs that satisfy the following conditions:

i low and rapidly falling relative cost;

ii Apparently almost unlimited availability of supply;

iii  potential of widespread use in many products and process throughout the economic
system.

Such characteristics may be found in different waves of development in coal, steel, oil, and
nowadays in microelectronics and telecommunications.

2.1.1 The ICT Paradigm

Innovations in the field of microelectronics have led to a technological revolution that has

directly affected some industries (computers, electronic components, telecommunications)

and indirectly the whole economic system of the leading industrial countries. Moreover it has

involved organisational and social changes to the extent that we can properly talk of a new

techno-economic paradigm. Freeman and Soete (1987) analyse the growing impact of ICT by

considering its uneven diffusion from a few leading sectors to the economy as a whole. They

report that:

i the sectors with the highest rates of growth in labour and capital productivity are the
electronic industries and in particular the computer and the electronic component in-
dustries, which can be described as the ‘carrier’ branches of the new paradigm;

i a group of industries that has made widespread use of microelectronics both in product
and process technologies experiences a considerable increase in labour productivity and
some increases also in capital productivity: this is the case of scientific instruments and
telecommunications;

iii  the sectors that have started to use microelectronics in the last fifteen years but where
old technologies, still prevail and have experienced uneven increases in productivity
across firms and countries, with examples including printing machine-building and
clothing industries;

iv. within sectors producing homogeneous goods in large plants, there has been a tendency
towards low increase in labour productivity and decline in capital productivity despite
the introduction of information technology in the production process. This effect can
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be explained by the thought that they have suffered from the exhaustion of the energy-
and material-intensive mass production paradigm (in some cases labour productivity
increases within these industries have been achieved through plant closures and ratio-
nalisation). This applies to the petrochemical, oil, steel and cement industries;

v there is a group of service sectors based on information technology that are among
the fastest growing but they still account for only a small (although rapidly increasing)
proportion of total service output and employment (software, databanks, computerised
information services, design, etc.);

vi  there is another group of service sectors that has also been affected by information
technology with uneven increase in labour productivity among firms and countries.
Those are the banking, insurance and retail services (this phenomenon is particularly
important since it shows that gains in productivity are not necessarily higher within the
manufacturing sector);

vii  the majority of service sectors have not been able to achieve major gains in labour
productivity due to the lack or very limited diffusion of information technologies.

Overall the new paradigm linked to information technologies has unevenly affected the diffe-
rent sectors of the economy; however its impact does appear to have had a pervasive nature.
Moreover the development and diffusion of the new technologies has interacted with the
organisation of production, the working of national institutions and public policies. The diffu-
sion of ICT in the economic system and its impact on performance cannot be fully understood
if these elements are not taken into account.

2.2 General Purpose Technologies

The notion of General Purpose Technologies (GPTs) was first introduced by Bresnahan and
Trajtenberg in a conference contribution in 1991 , which was later published as Bresnahan
and Trajtenberg (1995). GPTs are radical new ideas or techniques that have the potential for
important impacts on many industries in an economy. Bresnahan and Trajtenberg identified
three key characteristics of GPTs: commonness (they are used as inputs by many downstream
industries); technological dynamism (inherent potential for technical improvements); and in-
novational complementarities with other forms of advancement (meaning that the productivity
of R&D in downstream industries increases as a consequence of innovation in the GPT). Thus, as
GPTs improve they spread throughout the economy, bringing about general productivity gains.

In the book “General Purpose Technologies and Economic Growth”, edited by Helpman (1998)
the concept of GPT is compared to that of techno-economic paradigms (TEP). It argues that
the concept of TEP is much broader than that of GPT since it covers the entire economic
system surrounding any set of pervasive technologies actually in use. However, there are



important complementarities between the two concepts since a GPT is an innovation that
fundamentally alters the relationships among various technologies and between technology
and the other elements of TEPs.

2.2.1 ICT as a GPT

The recent ICT “revolution” can be seen to be one such GPT, since today, computers and rela-
ted equipment are used in most industries of the economy. ICTs have also displayed a substan-
tial level of technological dynamism spurring not only radical improvement in computational
capacity (following Moore’s Law), but also a successive wave of new technologies (ranging
from the semiconductor to the Internet). Moreover, ICTs have seriously facilitated new ways of
organising firms, including the decentralisation of decision making, team production etc. (Mil-
grom and Roberts, 1990; Brynjolfsson and Hitt, 2000; Bresnahan et al., 2002). Thereby ICTs
have clearly exhibited innovational complementarities with other forms of advancement?.
One of the main issues analysed within the GPT literature has to do with the attempt to un-
derstand why GPTs are mostly, if not always, slow in fulfilling their potential for increasing
productivity. The “Solow-paradox”, in the context of ICT, is a recent and famous example of
a slow realisation of a GPT's potential. Bresnahan and Trajtenberg (1995) suggest three pos-
sible explanations for the observed paradox. One explanation lies in the possibility that GPT
industries and user industries face a coordination problem, producing “too little, too late
innovation” (p. 94). Moreover, difficulties in forecasting the technological developments of
the other side (GPT producers and users) tend to lower technical advance in all industries of
the economy.

Finally, Bresnahan and Trajtenberg point to the importance of the match between GPTs and
specific institutions that facilitate or hinder GPTs in playing out their roles as engines of
growth. If institutions show a disinterest in new technologies, an economy with the “wrong”
institutions may prove inadequate for supporting GPTs, including the application industries
(p. 104).

2.2.2 ICT and GPT: Going beyond the Production Function

The broad literature on technological change and its impact on economic performance (only
to quote major contributions, see Dosi et al. 1988 and, more recently, the Oxford Handbook
of Innovation edited by Fagerberg, Mowery and Nelson, 2005) has stressed how innovation is
a complex phenomenon that goes beyond an increase in R&D expenditures and whose impact
cannot be understood in the framework of a production function. This literature has empha-
sised the wider systematic setting, which influences innovation, the role of institutions and

1 It can be noted that the Bresnahan-Trajtenberg model is a partial model, while subsequent contribu-
tions (such as Helpman and Trajtenberg, 1998; Jacobs and Nahuis, 2002) have applied explicit general
equilibrium frameworks.
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Figure 4: Technology. Percentage Change with Respect to Baseline.
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