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Summary: The expansion of information & communication technology (ICT) is 
continuing in OECD countries and the world economy – partly due to the ongoing fall of 
relative ICT prices. The continuing absolute fall of ICT prices and ICT capital prices, 
respectively, is not adequately considered in the standard analysis of ICT. In the study 
presented here the ICT investment-GDP ratio is calculated in real terms and it is shown 
that this ratio is higher (order of magnitude is about 2 percentage points) than the nominal 
investment-GDP ratio which is misleading the ICT sector, policy makers and society at 
large. Moreover, we take an innovative look at the digital time budget of private 
households in selected OECD countries. Assuming that 10% represents the relevant share 
of the time budget the digital value-added of private households stands for an unrecorded 
digital value-added of 2-5% of gross domestic product; with a share of 20% of the 
household’s internet time budget devoted to value-added the hidden internet value-added 
in the US would be in the range of 4.7% to 10.4%. Hence the overall understimation of the 
ICT sector’s contribution to GDP is considerable and therefore changes in official 
statistical analysis and the System of National Accounts are required.  

Zusammenfassung: Die Ausbreitung der Informations- und Kommunikationstechnologie 
(IKT) schreitet in den Ländern der OECD und der Weltwirtschaft im Allgemeinen weiter 
fort – zum Teil bedingt durch den Verfall relative Preise für IKT. Das fortschreitende 
Absinken von Preisen für IKT bzw. für IKT Kapital wird in der traditionellen Analyse 
allerdings nicht berücksichtigt. In der vorliegenden Studie wird das reale IKT Investitions 
zu BIP Verhältnis bestimmt und es wird gezeigt, dass dieses Verhältnis größer ist (in der 
Größenordnung von zwei Prozentpunkten) als das nominale Verhältnis, was zu 
Verwirrungen für den IKT Sektor im Allgemeinen, die Politik als auch die Gesellschaft 
führt. Darüber hinaus wurde in der Analyse das digitale Zeitbudget privater Haushalte in 
ausgewählten OECD Ländern betrachtet. Angenommen, dass zehn Prozent den relevanten 
Anteil des Zeitbudgets darstellen, dann liegt die digitale Wertschöpfung für etwa 2-5% des 
Bruttoinlandsprodukts; würden die Haushalte in den USA 20% ihres Internet Zeitbudgets 
zur Wertschöpfung nutzen würde ein Wertschöpfungseffekt von 4,7% bis 10,4% des BIP 
resultieren. Die gesamte Beitrag des IKT Sektors zum BIP ist daher enorm und eine 
Anpassung der offiziellen Statistiken und des Systems of National Accounts ist notwendig. 
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1. Introduction   

The EU2010 agenda emphasized the importance of information and communication 
technology (ICT) and the role of digital networking for improving international 
competitiveness. In the US the government continues to emphasize the role of ICT for 
economic growth and publications by the World Bank (World Bank, 2012) also highlight 
the critical role of ICT for economic development (Kelly and Minges, 2012; Qiang et al., 
2012a; Qiang et al., 2012b; Yamamichi, 2012, Youngman, 2010; Sudan et al., 2010; Singh 
and Raja, 2010); this includes digital network expansion projects in Africa and Latin 
America financed by the World Bank. The adoption of modern ICT in the economy is not 
possible without some adaptation and learning on the side of firms as well as individuals 
and it raises the important question of how ICT can be integrated in a basic growth model. 
A specific trait of the ICT sector is the continuous fall of ICT prices in most OECD 
countries and indeed worldwide. The implications of this specific trait of ICT are, 
however, not well understood. For example the fall of ICT investment expenditures 
relative to the nominal gross domestic product – a phenomenon observed in several OECD 
countries since about 2005 – has been interpreted as indicating a declining role of ICT for 
economic growth.  

As we will show real ICT investment relative to real GDP indicates a different 
development: this ratio continues to increase and it is indeed this ratio which matters for 
growth in general and for assessing the economic relevance of ICT.  

It is unclear to what extent the ICT investment and ICT output shown in official statistics 
reflect true value added – the calculation of ICT investment in real terms could be 
addressed in various ways. A simple approach is to assume that the deflator for ICT 
investment is the same as for ICT products, a more refined approach used here is to focus 
on the ICT investment price index which is falling in almost all OECD countries. The 
implication is that true ICT investment and hence true real GDP is higher than stated in 
statistics that do not consider adequate price indices for calculating real figures. Moreover, 
the internet – as an important field of ICT – is a crucial digital element that stands not only 
for consumption on the side of private households, rather because many individuals use the 
internet at home and are active as “prosumers” (a hybrid role of consumer and producer) a 
part of the time budget of private households can even be interpreted as labor input for 
production. A growing number of old and new services can be availed of via the internet 
and the creation of certain services relies on the active involvement of digital users – this 
could even include certain digital entertainment activities in which users of digital 
networks cooperate in providing joint services to each other. This digital self-service 
value-added is increasing in many countries of the world. 

In the following analysis we highlight standard views on the ICT sector and the official 
scope of the ICT sector (section 2); and we look at the importance of ICT investments for 
growth (section 3). Moreover, we focus on price level developments of ICT and the crucial 
implications in selected OECD countries (section 4); the role of ICT in the economy is 
much underestimated in official statistics – our estimate is in the range of 2-5% where this 
is split up into an underestimation of real ICT investment and the non-coverage of “internet 
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value-added from households” (section 5). The policy conclusions are presented in section 
(6). 
  

 
 
2. The ICT Sector 

Many authors have found empirical evidence that ICT has an important positive 
contribution on economic development (Jorgenson and Stiroh, 2000; Colecchia and 
Schreyer, 2002; Venturini, 2009; Seo et.al, 2009). Many approaches have been used in 
order to analyze the role of ICT sector in the economy. One of them is Input-Output 
analysis. Rohman (2012) analyzed the ICT sectors in European countries by comparing the 
multiplier effect of the ICT sector over time. He found a decline in the multiplier effect and 
output of ICT sectors during the period 2000-2005. It is, however, unclear how to interpret 
this finding: One the one hand, this seems to indicate that the ratio of ICT to GDP has 
already reached a rather high level so that induced marginal productivity effects in sectors 
standing for backward linkages and forward linkages are falling over time; an alternative 
interpretation is that ICT investment has been rather strong and that learning costs – which 
are rising as a function of the ratio of ICT to GDP – are increasing temporarily.  

A useful definition of the ICT sector can be based on the aggregation of 12 out of the 59 
sectors in European countries Input-Output Table. Heng and Thangavelu (2010) measured 
the impact of information technology on Singaporean economic growth. They also used a 
broad definition of the ICT sector (aggregate ICT sector). Some other studies such as 
Narayana (2005) and Bazzazan (2009) also used input output analysis in order to analyze 
the ICT issue by using an aggregate ICT sector. Indeed, Bazzazan (2009) calculated 
normalized backward and forward linkage for 9 ICT sub-sectors in the Iranian economy. 
However, the approach did not follow the common ICT sector definition and included a 
non-ICT sector.   

By using an I-O table, several indicators can be calculated, namely the output multiplier, 
income multiplier, backward linkage and forward linkage. These indicators provide 
valuable information on the importance of the ICT sector in the economy.   
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Fig. 1: The definition of ICT Sector/products based on OECD 

 
Source: OECD, 2009. 
 
A basic issue that we need to address here is the definition of the ICT sector/product. Since 
1998, the OECD has been developing an ICT sector/product definition and it has been 
revised twice. The first ICT definition was based on ISIC Rev. 3 in 1998 and it was 
followed by the revised ICT sector definition based on ISIC Rev. 3.1 in 2002. The last 
version is the second ICT sector definition based on ISIC Rev. 4. The resultant detailed 
definition is presented in Figure 1. Before we conduct the analysis, we need to define the 
scope of the sector. If we use the latest I-O Table which follows ISIC Rev. 4 definition, 
then we should use the second ICT sector definition by OECD (2007). Table 1 shows the 
detailed ICT sector definition based on 4 digits ISIC Rev. 4 definition.   
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Table 1: ICT Sector Classification based on OECD (2007) 
ISIC Rev. 4 Code Name/Definition 

ICT MANUFACTURING 

2610 Manufacture of electronic components and boards  

2620 Manufacture of computers and peripheral equipment  

2630 Manufacture of communication equipment  

2640 Manufacture of consumer electronics  

2680 Manufacture of magnetic and optical media  

ICT SERVICES (including trade sector)  

4651 Wholesale of computers, computer peripheral equipment and software 

4652 Wholesale of electronic and telecommunications equipment and parts 

5820 Software publishing  

61 

6110 

6120 

6130 

6190 

Telecommunications : 

- Wired telecommunications activities  

- Wireless telecommunications activities  

- Satellite telecommunications activities  

- Other telecommunications activities  

62 

6201 

6202 

6209 

Computer programming, consultancy and related activities  

- Computer programming activities  

- Computer consultancy and computer facilities management activities  

- Other information technology and computer service activities  

631 

6311 

6312 

Data processing, hosting and related activities; web portals: 

- Data processing, hosting and related activities  

- Web portals  

951 

9511 

9512 

Repair of computers and communication equipment  

- Repair of computers and peripheral equipment  

- Repair of communication equipment 

Source: OECD, 2007. 
 
 
 
3. The Importance of ICT Investments for Economic Growth 

Adopting a simple GDP demand side perspective one can focus on the use-side equation 
(Y is real output, C is consumption, I investment, G government consumption, Xnet is the 
current account in real terms): 

  (1) netY = C + I + G + X
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In the context of this approach every variable can be divided into an ICT related part and a 
non-ICT part. This holds especially true for investment in ICT. These investments can be 
made by the public sector or the private sector; however, government will have to provide 
a clear legal framework for the digital world and ICT investment, respectively. This 
includes data protection as well as an adequate definition of universal services. The 
sectoral split in ICT investment is, however, rather strange in OECD countries. The 
education sector stands for 5-6% of GDP in industrialized countries, however, ICT 
investment is only about 1% (OECD, 2012). The OECD Internet Economy report also 
reveals some other interesting findings: E.g. 30% of Canadians found a new job via the 
internet in 2011, while in Germany and France only about 18 and 15%, respectively, have 
used the internet for getting a new job – not to mention Greece, Italy and Portugal with 
even lower figures of 12%, 11% and 11%, respectively (OECD, 2012, Fig. 3.19). There is 
not much doubt that the high share of private universities in the US and Australia should 
lead to more ICT investment in the education sector in these countries than in most other 
OECD countries. To the extent that ICT expansion in the education sector reinforces the 
quality of human capital formation – and assuming that human capital and ICT capital are 
complementary – increasing ICT investment in higher education will raise the productivity 
of the higher education sector and also raise the quality of teaching performance as well as 
research performance in universities. From this perspective the US and Australia – 
possibly also the UK – have rather favourable perspectives on ICT expansion. This might 
also hold for Switzerland where there is competition between federally funded excellence 
universities (ETH Zurich and ETH Lausanne) and regionally funded universities. The 
decision of states in Germany to abolish modest fees for students – introduced in some 
states at the beginning of the 21st century -– is strange in this respect; digital leadership will 
be difficult to establish in such a setting.  

From the supply side one may emphasize that the macroeconomic production function can 
be written in a simple form as Y=Kß(AL)1-ß where K, A and L stand for capital, knowledge 
and labor, respectively (0<ß<1) – to what extent a growing share of ICT capital in K 
effectively changes the production function and to what extent ICT expansion stimulates 
knowledge expansion has to be analysed; this also holds for the role of learning costs in the 
context of ICT expansion in the economy (see appendix). 

To depict the relationship between ICT investment and output the following figure gives 
an overview for the selected five countries that have been introduced above. Both variables 
are given in real values with 1990 as a base year. The choice for 1990 as a base year is 
argued in more detail in the following section. The following figure shows a steadily 
increasing real share of ICT investments relative to GDP, implicating that in all countries 
investment in ICTs has increased in real terms relative to real GDP. In particular it can be 
seen that while all countries start at relatively the same level over time the share of ICT 
investment in total GDP in the US has risen much more steeply than in the other four 
countries.  
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Fig. 2: Real ICT Capital Investment in 0/00 of Real GDP (base year 1990) 

 

 
On the other side in Italy the growth has been much more stymied than in the four other 
countries. The only country that does not keep this development similar to that of the other 
countries, and thereby holding a similar pattern over time, is Germany. Germany started 
with the second highest share in the 90s only to be overtaken in the last years of the 1990s 
by the UK and even, some years later, by Spain. Only in the most recent years has the 
share of ICTs in Germany risen again, so that in 2007 it lies between the levels of the UK 
and Spain. The trend though indicates that it has already overtaken the UK in the years 
after 2007. 

In addition to the figure above, setting the stock of ICT investments in relation to GDP per 
capita it can be shown that there is a stable commonality between an established ICT 
infrastructure and a high standard of living. Following Moore’s Law that the calculation 
speed of computer chips is doubled every three (previously four) years a time horizon of 
about 10 years seems plausible to be set as a maximum lifespan of ICT investments. 
Therefore, the ICT stock of each country is calculated as: 

  (2) 
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Fig. 3: ICT Capital Stocks and GDP per Capita 

 

 
The situation for all four countries represented clearly shows a positive relation between 
income and a modern ICT infrastructure (data for the UK is missing due to insufficient 
data supply by the World Bank). 

The most interesting insight gained is that the relation between income and ICT 
infrastructure is most pronounced in those countries with a lower overall income as well as 
a less developed infrastructure. Nevertheless, the apparent correlation might also work in 
the other direction, namely that a high income leads to higher investments in ICT and 
therefore a better ICT infrastructure. To clarify this issue one will need more data and it 
also will be interesting to learn from on-going World Bank projects. It also might be 
helpful to apply causality tests to the data to get statistical evidence on the direction of 
causality; the ITU database offers a rich set of ICT data that could be exploited in the 
future. 

There is an apparent link between GDP per capita and ICT investment, however, this is 
only one of the crucial aspects of ICT dynamics. Due to the already mentioned 
characteristic of being a general purpose technology and the trait of ICT investment to 
generate network effects, ICT investments could have positive external effects on the 
development of the GDP and the GDP per capita as well; network effects might be relevant 
here – e.g. if the ICT capital stock of region i is KICTi and of region j KICTj the utility of 
using the regional ICT capital stock in each region is not only a function of the regional 
ICT capital stock but of ICT capital stock in adjacent regions as well (assuming that 
interregional and international digital networks exist which are not effectively separated by 
different languages).   

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

0 1000000 2000000 3000000 4000000 5000000 6000000 7000000

Germany USA Italy SpainSource: World Bank 



8 
 

If those spillover effects were to be introduced into a model, equation (1) for the GDP 
would change to (with the positive parameter φ standing for the size of the investment 
spillover effect at the national level):  

( )non-ICT ICT net ICT-stock
t t t t t t t tY  = C  + I  + 1 + I  + G  + X + αI Yϕ    (3) 

( ) ( )ICT-stock non-ICT ICT net
t t t t t t t1 - αI Y  = C  + I  + 1 + I  + G  + Xϕ    (4) 

( )non-ICT ICT net
t t t t t

t ICT-stock
t

C  + I  + 1 + I  + G  + X
Y  = 

1 - αI
ϕ

   (5) 

The term  describes the amount of output generated through the characteristic 
of ICTs as a general purpose technology where the demand effect of the relevant supply 
effect is assumed to be a high as the latter. The parameter α gives the magnitude of the 
influence a rise in the ICT stock has on other industries. It is assumed that the network 
effects are proportional to the output; if an economy is less developed – as measured by 
being a lower GDP per capita - it can be assumed that the economy does not have the 
potential to easily exploit the possibilities a higher stock of ICTs offers. Such a mechanism 
might be linked to a positive correlation between higher education and per capita income, 
respectively, and ICT capital. 

The parameter ϕ gives the additional value added through network effects the introduction 
of new technologies, or their adoption, brings. While we will get to this relation in the end 
of this analysis the main interest at first concerns the development of the term for ICT 
investment. 

Due to a perceived development in international, intertemporal and especially intersectoral 
price levels (for more details see figure 3) it is necessary to avoid comparison problems. 
Therefore, it is imperative to use real data, not only when describing the development of 
the ICT investments but also when discussing the effects ICT investments will have on 
growth. Problems that arise when nominal ICT data is converted to real data are discussed 
in detail in the following section and the appendix puts the focus in some detail on the 
considerable differences between nominal ICT investment-GDP ratios and real ICT 
investment-real GDP ratios; moreover, the appendix also shows data from infratest on the 
frequency of internet usage; infratest has conducted surveys in various countries (provision 
of data is gratefully acknowledged).  

 
 

 
4. Price Level Developments of ICT 

The following table presents an overview of the development of price levels (P’) of ICT 
capital investments in selected countries; also indicated is P’/P (P is the GDP inflator). The 
database used for the preparation of the table as well as the following analysis is the second 
edition of the EU KLEMS database on investments in EU as well as selected non-EU 
countries. Due to the fact that comprehensive data for Germany is only available from the 

ICT-stock
t tαI Y



9 
 

beginning of 1991 onwards 1990 has been chosen as a starting year, though for Germany 
linear extrapolation has been used to calculate a respective date. Furthermore, the selected 
time frame has been chosen such that data for the countries considered are fully available. 
The development of relative prices (with 1995 set at unity) in Germany, the US, the UK, 
Spain and Italy shows that there are ICT problems in Spain: The decline of the relative 
price in Spain, in the period 1995-2007, has been much smaller than that in the other 
countries considered. Lack of competition in Spain, corruption and a relatively large size 
of the non-tradables sector as well as non-tariff barriers are potential explanations for this 
finding. 

Table 2: ICT Price Indices with Base Year 2000 and Relative Price Index (own 
calculations) 

 

 

With the base year set at 2000 we observe that the relative price decline of ICT products is 
relatively modest in Spain in the period 2000-2007 – considering the ICT price index itself 
this suggests lack of competition in Spain’s ICT sector. It can be seen that in the beginning 
of the selected time frame the US and Germany have relatively higher price levels than the 
other three countries; this could be an indicator that in the low price countries only well 
established technologies were introduced in contrast to the US and Germany where the 
higher price levels might be an indicator of investments in higher quality technologies in 
the ICT sector. In the final year of our study, 2007, it can be seen that in all countries the 
price levels have shrunken in comparison to 1990 as well as to 1995. Interestingly enough 
in 2007 the US, UK and Italy have nearly the same price level while Spain has a much 
higher price level and Germany a much lower one. 

If a simplistic argument is deduced from the data above it would implicate that the quality 
of technologies that are implemented in 2007 are highest in Spain while Germany 
introduces mostly outdated, cheap technologies. The dynamics, however, have to be 
analysed in differentiated way. As an example the developments of the US and the German 
price levels are plotted against each other. The continuous lines indicate the price levels as 
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an index with the base year 1990 and the dotted lines give the price levels as an index with 
the base year 2000. 
 

Fig. 4: ICT Price Levels with Different Base Years (1990 vs. 2000) for the US and 
Germany 

 

 
It is immediately obvious that with the base year 2000 the price levels have shown a 
divergent development in the years previous to the base year and do so again in the years 
afterwards. In the other case the development is more or less similar, with only a slight 
divergence in the years between 1995 and 2003 as well as in the years from 2004 onwards. 
Though these divergences are less severe than is the case with 2000 used as a base year. 
The reason for this development is that a divergence of price levels is more pronounced if 
the price levels are on a different level in the year that is set as a base year. In this context 
the difference that can be seen for the year 2000 – not only in figure 3 but as well in table 1 
– shows that 2000 is not a reasonable choice as a base year (getting from the statistical 
development back to real economic development, the year 2000 might be a doubtful 
benchmark year due to the developments that ultimately lead to the Dotcom crisis that was 
most pronounced in the US, even more than in Germany or the other selected countries). 

In the year 1990 though, the usage of ICTs per se that had not been that established and 
therefore the investment in respective technologies – at least compared to recent years – 
had been rather low. In particular the countries observed in this study are most similar in 
their development in those years, at least considering the available time frame. Therefore, 
in the following study the base year is 1990. 

Nevertheless, when choosing 1990 the two problems remain that need to be kept in mind 
when interpreting the resulting data. In 1990 the telecommunication market and thereby 
large parts of the ICT market at least in Germany, as well as in European and non-
European countries like China and India, were still publicly owned or at the least highly 
regulated so that 1990 might not stand for a sectoral and general equilibrium. Additionally, 
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in 1990 the overall ICT infrastructure in many parts of the industrialized world were still in 
a modest stage of development (with the possible exception of the Scandinavian countries). 
The scope for continuous growth was related to GDP per capita growth and product 
innovations as well as process innovations; the EU orchestrated liberalization of fixed line 
telecommunications markets in the EU in 1998 – the UK had already opened up in 1984 
within a national liberalization approach – is likely to have stimulated innovation dynamics 
as well as to have facilitated the exploitation of static and dynamic scale economies. One 
cannot rule out that ICT network effects are observed only once a certain threshold level of 
digital development of the economy has been achieved. 
 
 
 
5. Analysis of Real ICT Investment Ratios 

Switching from ICT investment price levels to the real investment levels, a rise of the real 
ICT investment ratio meaning the relation between real ICT investments and real GDP, 
there can be four possible reasons for a rise. The most obvious reason can be a rise in ICT 
investments or a fall of the ICT price level, which following the argumentation of the 
previous section might then lead to the former. On the other hand a rise of the real GDP is 
possible – either due to a fall of nominal GDP or a rise of the GDP deflator. Nevertheless, 
the real GDP – though fluctuating according to the business cycle – can be seen as 
generally rising over time. Therefore a rise in real ICT investment ratios reflects on the one 
hand the development of ICT investments while on the other hand it reflects the 
importance of ICT investments for economic growth. 

Additionally, an important question in a cross-country analysis is whether the investment 
ratios converge or diverge. In principle, one reason for convergence can also be found in 
the price levels and the developments of relative ICT price positions. Convergence can 
mean either that a country lacking behind has a lot of catching-up in the field ICT 
infrastructure or the leading country might have reached its maximum development of the 
ICT infrastructure – which does not necessarily indicate that there is no potential left in its 
development; however, its development has stagnated at some preliminary steady state. In 
contrast, if a divergence process is to be observed, it would indicate, that leading countries 
reinforce their lead, while countries lagging behind only fall back even farther. The 
following two figures portray the development of ICT investment in the selected countries. 
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Fig. 5: ICT Capital Investment in 0/00 of GDP (base year 2000) 

 
 

Comparing figures 1 and 4 above, the impression is partly given that each figure describes 
a different set of dynamics concerning Germany and the United States, as in the first figure 
it seems that there is a convergence in real ICT investments while the second figure 
suggests a divergence in the levels of real ICT investments. 

The difference in both figures though lies solely in the different base years for the 
calculation of real prices. This problem has already been discussed in the preceding section 
- the figure 5 describes the development in an adequate way. 
 

Results 

Following from the development that has been described above – especially from the 
plotted development trends – it becomes clear that with the base year for the price levels 
set to 1990, the ICT investment ratios mostly show a trend of growing divergence. 
Nevertheless the investment ratio itself in none of the five countries is diminishing but 
increasing. 

In detail it can be seen that the US strengthens its lead market position in the ICT sector, 
while Germany catches up with the UK, which in 2007 still has a lead on Germany, though 
this lead is steadily diminishing. Interestingly enough in the years from 2003 to 2005 
Germany even lagged behind Spain, but in 2006 managed to jump ahead again. An 
explanation for this might be found in aftermath of the Dotcom crisis. Finally, it is Italy 
that gets the last place. Hence there should be considerable room for catching up and 
additional ICT investment that in turn should stimulate economic growth – Oxford 
Economics (2012) has argued that for both Italy and Spain a higher ICT investment level 
per capita, similar to the US level, would, within less than a decade, lead to extra aggregate 
output growth of 7%.  
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Returning to the theoretical link between ICT investments and GDP that have been 
introduced in the second section, it can be said that in all countries the coefficient 

( )
ICT-stock
t

1 + 
1 - αI

ϕ
   (6) 

is steadily increasing – especially in the case of the US. A rise of the coefficient as a whole 
might be due to a rise in the ICT stock which lowers the denominator, signifying the rise of 
network effects through the enhanced ICT infrastructure. This would signify that the 
network effects of ICT might be decreasing. On the other hand φ can be increasing which 
would indicate that in the US ICTs plays a steadily increasing role in different industries 
aside from the ICT sector itself. 

If the US is having a steeper development of ICT investments than the other countries this 
implies that also in the US the network effects are increasing much faster than in other 
countries and industries have more potential to develop other commodities that use ICTs in 
their development and realization. Therefore, in some part a self-contained development 
trend is present, indicating that the observed developments will not be a random short-term 
trend but a sustainable development trend. 
 

 
 
6. Imputed Internet Value-added from Households 

Many users of the internet are surfing at home or when travelling. What type of activity is 
this internet surfing of private households? To a large extent it stands for consumption, but 
often there is also value-added since certain internet activities actively involve the user to 
provide certain services; e.g. if a certain individual goes to a travel agency and books a 
vacation trip the travel agency will charge a certain fee for this service, and this fee – 
reflecting wages or capital costs – are included as value-added in the System of National 
Accounts. If, however, the individual decides to conduct some screening of vacation 
options at home on the internet and then proceeds by typing in relevant data for vacation X 
booked on an internet platform the individual is effectively contributing to value-added – 
but this activity is not recorded in the official statistics. Indeed, there are many activities 
where individuals act as “prosumers” (a hybrid role as a consumer who is also active as a 
producer) in the digital world: there is both an element of consumption and an element of 
production in certain activities and the problem is that the production activities of million 
of users are not covered by the official statistics so that the economic relevance of 
information & communication technology and the internet, respectively, are not fully 
understood. Moreover, with increasing online learning – part of which is free online 
learning – modern digital societies create new platforms of digital value-added and human 
capital formation, but again, there is very scant statistical coverage of such activities and 
knowledge about successful learning activities in the field of Massive Open Online 
Courses is not generally available. In Germany, the Hasso Plattner Institute – a computer 
science institution at the University of Potsdam – has offered five online courses; roughly 
50 000 individuals signed up for these courses, 17% successfully passed the relevant 
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examinations. Here we see important new digital dynamics. If one assumes that a certain 
percentage of the online time of private households represents value-added the official 
GDP figures have to be revised upwards; the monetization of one hour of online value-
added can use the opportunity cost of time, namely the average GDP per hour (from the 
official statistics).  

Table 3: Opportunity Costs of Internet Usage (in billion US $) (based on comScore 
internet usage data) 

 

2012
Opportunity Costs 

(100% Use)
Share of GDP 

(10% Use)
Share of GDP 

(20% Use)
Share of GDP 

(50% Use)
US 3688.03 2.35 4.70 11.76
Japan 532.52 0.89 1.79 4.47
UK 505.10 2.07 4.15 10.37
Germany 447.87 1.32 2.63 6.59
Canada 391.61 2.15 4.30 10.75
France 376.76 1.44 2.88 7.21
China 315.03 0.38 0.77 1.91
South Korea 177.18 1.57 3.14 7.84
Brazil 166.74 0.74 1.48 3.70
Netherlands 166.61 2.16 4.32 10.79
Russia 163.79 0.81 1.63 4.06
Spain 140.65 1.04 2.09 5.21
Italy 130.38 0.65 1.30 3.24
Norway 81.32 1.63 3.25 8.13
Sweden 69.20 1.32 2.63 6.58
Switzerland 58.93 0.93 1.86 4.66
Belgium 56.02 1.16 2.31 5.79
Turkey 52.93 0.67 1.34 3.35
Poland 52.33 1.07 2.14 5.34
Denmark 41.36 1.32 2.63 6.59
Finland 39.27 1.57 3.14 7.85
Austria 28.35 0.71 1.42 3.54
Ireland 21.40 1.02 2.04 5.09
Singapore 17.14 0.62 1.25 3.12
Malaysia 16.55 0.54 1.09 2.72
Portugal 16.54 0.78 1.56 3.90
India 16.35 0.09 0.18 0.44
Thailand 13.82 0.38 0.76 1.89
Indonesia 9.90 0.11 0.23 0.56
Philippines 7.82 0.31 0.63 1.56
Vietnam 7.19 0.51 1.01 2.53

Source: comScore, World Bank, ITU, OECD, national statistical offices
                own calculations
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Table 4: Opportunity Costs of Internet Usage (in billion US $) (based on 
internetworldstats internet usage data) 

 
 
The tables above show, based on different sources for the average times internet users 
spend online, how much additional GDP they could have generated if it is assumed that 
part of the time budget is value-adding; the growing role of digital prosumers for value-
added in the internet should be considered and 10%-20% of household’s time budget 
seems to be a realistic order of magnitude. Using the relevant value-adding internet time 
budget of private households and multiplying with average labor productivity – based on 
the official GDP data – indeed is an easy way to get an estimation for the output value of 
private household’s internet activities. With households using more sophisticated software 
and mobile internet density still increasing in most countries one should expect 
considerable medium term expansion potentials for digital GDP created by private 
households. While both tables inherently present the same contents it can be seen that there 
is a significant gap between the numbers in both cases. These discrepancies however seem 
to be systemic in nature and therefore they are not due to inconsistencies across countries 
but due to different methods of data collection. In the tables  the modest estimate of 10% of 
private household’s online time being used for value-added seems to be adequate. This 
already gives rise to considerable extra GDP which so far is, of course, not covered by the 
System of National Accounts. 

It is interesting to consider actual user profiles as reported for example by Experian 
Marketing Services; it shows that assuming a high internet usage as being unproductive is 
a rather implausible assumption - with social networking standing for more than a quarter 
of online time and shopping and entertainment for another quarter. Pure business usage is 
listed as a mere 5%. Therefore it is more adequate to assume the unproductive share of 
internet usage to be in the range of 20 to 50%. From a different perspective it can be said 
that every 10% of internet usage that is spent productively during internet usage generates 
an additional 1.3 to 4.6% of GDP that is not part of the official GDP statistics and should 
be considered as well. If the internet value-added time share were 20% we would already 
come close to 10% of GDP in some countries. Here further research is needed on the time 
allocation of private households: As these invest more in software and advanced hardware 
over time while engaging also in more digital networking – raising “domestic ICT 
productivity” – one might assume that internet-based value-added of private households in 

2012
Opportunity Costs 

(100% Use)
Share of GDP 

(10% Use)
Share of GDP 

(20% Use)
Share of GDP 

(50% Use)
US 7813.31 5.21 10.42 26.06
Germany 1658.55 4.60 9.20 23.01
UK 1292.36 5.32 10.64 26.60
France 1062.05 3.83 7.65 19.13
Italy 703.16 3.20 6.40 16.01
Spain 487.10 3.30 6.59 16.48
New Zealand 89.97 5.52 11.04 27.60

Source: internetworldstats, ITU, World Bank, OECD, national statistics
                own calculations
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many countries could still rise and one cannot rule out that even up to 20% of user time of 
households in some countries is hidden digital value-added. If cities offer free WIFI (as is 
happening in some countries) this might be considered to be stimulating the expansion of 
ICT networks, however, it could also be an incentive for students and pupils to learn faster 
and thereby become more productive in the use of the existing regional or local ICT capital 
stock. 
 
 
 
7. Policy Conclusions 

The analysis presented has shown that true real ICT investment-GDP share are higher than 
indicated by official statistics; and that there is a considerable share of internet value-added 
that, so far, is not covered at all by the System of National Accounts. Hence the role of ICT 
for economic growth is clearly underestimated by official statistics. The positive external 
effects of ICT research and development and ICT innovations, respectively, are most likely 
underestimated by policy makers and hence the promotion of ICT innovation is sub-
optimal. It also is interesting to consider the role of the adaptation cost of ICT expansion. 
Since the internet is a truly global digital market, one should also consider the role of an 
international digital growth spillover. From the perspective of the EU countries an 
insufficient knowledge about cross-country spillovers leads us to expect that digital R&D 
promotion is inadequate. 

It will be interesting to analyse the price dynamics of the ICT sector. As long as the 
relative ICT (investment) price index is falling relative to the price index for capital 
equipment the share of ICT investment in total investment is likely to increase and this in 
turn implies that the ICT capital stock relative to the total capital stock will rise. It would 
be interesting to analyse the implications from such structural changes – this could include 
a rise of the output elasticity of capital which in turn has many important implications; e.g. 
the revenue-maximizing income tax rate in a growth model can be shown to be equal to 1-
ß (Welfens, 2013, p. 57) so that a rise of ß could bring about pressure for lower income tax 
rates world wide. 

While the analysis here has presented findings for a rather limited range of countries a 
broader data base could allow a wider coverage in the future. The EU’s KLEMS database 
is quite useful but a broader global data set is needed. To the extent that the World Bank 
has increasingly emphasized the digital modernization of economies one may expect that 
member countries of the World Bank will collect broader data, including on the time 
budget of households on the internet. Survey results for both OECD, and other, countries 
on the split of the time budget into “digital consumption” and “digital value-added” would 
also be useful. 

 

 



17 
 

Appendix I: Economic Growth and ICT 

A Simple Growth Model with Knowledge and Digital Progress (Welfens, 
2013) 
Long run economic growth and capital accumulation plus learning costs can be analyzed 
within a modified growth model. In a modern economy knowledge, ( A ), is important for 
production. New knowledge, however, cannot be implemented without training workers at 
some training cost. Thus savings are not only necessary to finance gross capital formation 
dK K
dt

+ δ  ( K  is the capital stock, t is time and δ is the capital depreciation rate) but also to 

upgrade the skills of workers at some cost for training. Let us assume that these are 

proportionate to real per capita income Yy
L

:=  (Y is real GDP, L is labor): Innovation 

managers who have to train workers in using more advanced technologies will have a 
salary which is proportionate to the average per capita income, y, so that real upgrading 
costs are a positive function of real per capita income. However, it also is assumed that the 
costs of labor upgrading is inversely related to knowledge and that the production function 

can be written as Yy k
AL

β′ ′:= = where Kk
AL

′ := and 0<ß<1. AL is labor in efficiency units. 

The real upgrading costs U for implementing dA
dt

with all workers in the whole economy 

therefore is given by (with λ standing for a positive learning curve parameter):  

dA Ly dAU Lk
dt A dt

βλ ′= = λ     (7) 

In an open economy with a balanced government budget and a balanced current account 
the equilibrium condition for the goods market reads:  

dK dAS K Lk
dt dt

β′= + δ + λ     (8) 

Dividing by AL and considering that ( )

dK
dk dt a n k
dt AL

 
 ′   ′= − + – with a and n denoting the 

growth rate of knowledge and labor, respectively – we can write:  

( )S dk a n k a k
AL dt

β′
′ ′= + + + δ + λ     (9) 

By assumption savings ( )1S s Y= − τ where Y is real income, τ the income tax rate and 

0<s<1 (s is the savings rate) so that we have a simply savings function ( )1S s k
AL

β′= − τ . 

Hence the differential equation for dk
dt
′
reads:  
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( )( ) ( )1dk s a k a n k
dt

β′
′ ′= − τ − λ − + + δ    (10) 

The steady state (#) solution for k’# therefore is  

( )
1

11s a
k

a n

−β− τ − λ 
′# =  + + δ 

    (11) 

As a parameter restriction it is assumed that s(1-τ) > aλ. The learning curve parameter λ 
now reduces the level of the growth path. New learning or innovation technologies relevant 
for the learning process can reduce the parameter λ and the internet is a good example for 
such a new technology. The steady state for y’ thus is given by:  

( ) 11s a
y

a n

β
−β− τ − λ 

′# =  + + δ 
    (12) 

The learning curve parameter λ will reduce the level of y’ and hence the level of the 
growth path in the steady state. As (with e’ standing for the Euler number) 0( ) atA t A e′= and 

0( ) ntL t L e′=  the growth rate of output in the steady state is given by (a+n) and the level of 
the growth path is determined by the expression  

( ) 1

0 0

1s a
A L

a n

β
−β− τ − λ 

 + + δ 
    (13) 

Some refinement with the progress function is adequate: Consider a progress function 
(with λ’ > 0; the exogenous progress rate is denoted by a0) where the income tax rate has a 
negative effect on the progress rate while the export ratio x and the import ratio j 
(parameter µ > 0; µ’ > 0, * for foreign variable) as well as a* have a positive impact on the 
growth rate of knowledge  

0a a x j a′ ′′ ′= − λ τ + λ +µ +µ ∗     (14) 

In an empirical implication for countries i (i= 1,2,…,N; with the exception of the US) the 
variable a* might be proxied by the US progress rate and the total factor progress rate, 
respectively; an alternative could be to consider the growth rate of international patent of 
US firms. 

It has been implicitly assumed here that all exports and all imports contribute to new 
knowledge – if only a share of exports and imports, respectively, contribute to new 
knowledge one could adjust the relevant parameters λ” and µ adequately. Given the 

definition of 

dA
dta
A

 
 
 := we can write  
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( )0
dA a x j a A
dt

′ ′′ ′= − λ τ + λ +µ +µ ∗    (15) 

A more open economy, in the sense of a higher x and j, respectively, will raise dA
dt

and 

hence raise the speed of knowledge accumulation. This also holds true for an increase of 
a* which is the foreign progress rate. One may consider the role of foreign direct 
investment for international technology spillovers. Letting α* denote the share of capital in 
country 1 owned by investors from country 2 one may replace µ’ by µ”α* where µ” > 0: a 
higher share of foreign ownership of the capital stock which goes along with a more 
intensified international technology transfer. Note, however, that the equilibrium condition 
for the goods market has also to be adjusted since savings of private households in country 
1 are assumed to be proportionate to gross national income (not to GDP); in addition there 
is investment of foreign subsidiaries so that one can write

( )( ) ( )1 1 1S s a Y s a Y′= − τ − ∗β + − τ ∗β ; here ß is the share of capital income in an 

economy with competitive goods and labor markets and hence real ( )1GDP a Y= − ∗β and 
s’ is the investment ratio of foreign subsidiaries in country 1.  

( )( )( ) ( )( ) ( )1 1 1dk s a a k s a a k a n k
dt

β β′
′ ′ ′ ′= − τ − λ − ∗β + − τ − λ ∗β − + + δ   (16) 

Hence the steady state solution is given by:  

( )( ) ( )( )
1

11 1s a s s a
k

a n

−β ′− τ − λ + − − τ ∗β
′# =   + + δ 

   (17) 

If s’ > s cumulated foreign direct investment inflows will raise the level of the growth 
path. However, looking at the progress function 0a a x j a′ ′′= − λ τ + λ +µ +µ ∗ . 
Moreover, one may consider that a share Ω (0 < Ω < 1) of the workers are employed for 
producing new knowledge. The production function is then ( )( )11Y K A L

−ββ= −Ω  
The differential equation now reads:  

( )( )( )( ) ( )( )( )

( )

1 11 1 1 1 1dk s a a k s a a k
dt

a n k

−β −ββ β′
′ ′ ′= − τ − λ − ∗β −Ω + − τ − λ −Ω ∗β

′− + + δ
 (18) 

The parameter Ω has a negative impact on the level of the growth rate; however, one has to 
further consider the role of Ω in the progress function. The knowledge production function 
is assumed to be given (with a positive parameter Ω’) by  

( )0
dA a x j a A
dt

′ ′′ ′ ′= − λ τ + λ +µ +µ ∗+Ω Ω    (19) 

Hence the growth rate lnd A
dt

is given by:  



20 
 

0a a x j a′ ′′ ′ ′= − λ τ + λ +µ +µ ∗+Ω Ω    (20) 

The parameter Ω has a positive effect on the trend growth path in the steady state and this 
effect will clearly dominate in the very long run the negative impact on the level of the 
growth path. If the efficiency of researchers with respect to the progress rate is rising – 
indicated by a higher Ω’ - the trend growth rate is raised. The expansion of the ICT sector 
might indeed bring about such a rise of the parameter Ω’. A true endogenous growth model 
would have to explain the parameter Ω on the basis of companies’ optimization decisions 
and some relative price, respectively; but this can be left for further research. 

The main impact of ICT on economic growth from an analytical perspective in a simple 
enhanced quasi-neoclassical growth model comes from four elements 
 
ICT can increase trade, the export intensity and the import intensity, respectively 
(Jungmittag and Welfens, 2009). ICT could reduce the learning costs (see the parameter λ). 
ICT could reinforce the international innovation spillover effect – the typical finding in the 
literature that innovation spillovers have a rather limited radius (about 300 km or so is 
relevant here, however in the internet distance should play a more limited role for the 
creation of innovations and for the diffusion and spillover processes. Innovators can have a 
higher impact on the progress rate since digital R&D is associated with efficiency gains in 
innovation. 
 
 
Appendix II: Nominal ICT-GDP Investment Ratios and Real 

ICT-Real GDP Investment Ratios 

Table 5: Real ICT Investments as a Share of Real Total Investments (Base Year 1995) 
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Table 6: Nominal ICT Investments as a Share of Nominal Total Investments 

 
 

Table 7: Difference of Real (Base Year 1995) and Nominal ICT Investment Shares 
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Table 8: Internet Usage Frequency 
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