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The Productivity of the Internet from the Perspective of Households  

Abstract  
 

¢Ƙƛǎ ǎǘǳŘȅ ǎŜŜƪǎ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ΨLƴǘŜǊƴŜǘ 9ŎƻƴƻƳȅΩ ŦǊƻƳ ǘƘŜ 

perspective of households.   The philosophy underlying the research paradigm is that, from a household 

sector perspective, an innovation is productive if, and only if, it increases consumer welfare.  This 

philosophy essentially takes a general equilibrium perspective, with the welfare of persons as the 

ultimate arbiter.  Thus, after the circular flow of income has done its work, if an innovation does not 

ultimately lead to an improvement in consumer welfare then, from the perspective of the ultimate 

arbiter, effectively it has been unproductive.  The research reported here has used data from a 

substantial sub-sample of 16,586 participants taken from a Nielsen-NetRatings 2011 database of 

website activity of 25,000 users across the five largest European Union (EU) economies - France, 

Germany, Italy, Spain and United Kingdom - that represent about two thirds of EU GDP.   Results suggest 

that, from a consumer perspective, the Internet is much more productive than has been previously 

thought.  The model developed here contains several possible features that could explain this.  The most 

important of these is arguably the presence of network externalities. 
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The Productivity of the Internet from the Perspective of Households  

1 Introduction  

1.1 Motivation  
A substantial body of research demonstrates that the importance of the ΨInternet 9ŎƻƴƻƳȅΩ continues 

to grow over time as successive innovations enhance its impact on the economy and on society in 

general (OECD, 2013). Many studies have sought to quantify the effect of the Internet or of Information 

and Communications Technology (ICT) generally on business productivity. There have been far fewer 

studies of the impact on households. This study seeks to contribute to measurement of the productivity 

of the ΨLƴǘŜǊƴŜǘ 9ŎƻƴƻƳȅΩ from the perspective of households. The philosophy underlying the research 

paradigm is that, from a consumer perspective, an innovation is productive if, and only if, it increases 

consumer welfare. This philosophy essentially takes a general equilibrium rather than a partial 

equilibrium perspective, with the welfare of persons as the ultimate arbiter. Thus, after the circular 

flow of income has done its work, if an innovation does not ultimately lead to an improvement in 

consumer welfare then, from the perspective of the ultimate arbiter, effectively it has been 

unproductive. 

1.2 Startling Result  
This study estimates the value of the Internet economy for the median household from more than 

16,000 European households at about 50 per cent of income.  That is, the median consumer would 

have to receive a 50 per cent increase in income in order to match the additional value that the 

Internet delivers to them. The estimate varies from 37 per cent in France to 56 per cent in Germany, 51 

per cent in Italy, 53 per cent in Spain and 54 per cent in the United Kingdom (UK). The lowest income 

group benefits more than twice as much (78 per cent income increase) as the highest income group (33 

per cent income increase). Younger age groups benefit more than older age groups and singles benefit 

more than families with children. 

1.3 Compariso n wit h an Influential Academic Study 
The most influential paper to date on the value of the Internet to households is that of Goolsbee and 

Klenow (2006).  In a study using a sample of United States (US) households in 2005, their preferred 

approach generates an evaluation at slightly less than 3 per cent of income.  

1.5 Plan of the paper  
Section 2 canvasses possible explanations for the discrepancy between the results of this paper and 

those of Goolsbee and Klenow.  This discussion includes a broad categorisation of approaches to 

studying the Internet Economy.   Section 3 describes the model that has been developed to provide the 

results presented in this paper.  Technical details are relegated to Appendix A.  Section 4 discusses the 

data.  Section 5 discusses issues and results from econometric estimation.  The key Internet valuation 

findings are presented in Section 6.  Discussion and an attempted reconciliation follows in Section 7.  

Concluding comments appear in Section 8. 
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2 Research Approaches and Explanations  for  Differences  

2.1  The passage of time in an era of rapid technologi cal change 
One explanation for the difference between the 50 per cent valuation obtained in this study and the 

approximate 3 per cent valuation (in equivalent terms) from the influential Goolsbee-Klenow study is 

that the passage of time has led to greater penetration of the Internet throughout all sectors of the 

economy.  The innovation in ICT which has continued apace has undoubtedly played an important role, 

but this seems unlikely to be the full explanation for such a massive increase in value over the six years 

2005 to 2011.  Another explanation is that US and European consumers are radically different in their 

preferences with respect to Internet-based consumption.  A more likely explanation than any of these, 

without attributing error at this point, is that either the Goolsbee-Klenow model or the model employed 

in this study, or perhaps both, are not totŀƭƭȅ ΨŦƛǘ ŦƻǊ ǇǳǊǇƻǎŜΩΦ 

2.2  Non- homotheticity of preferences  
The model developed for this research possesses several special features that could explain the 

differences between the reported results and those of Goolsbee and Klenow. One of these features is a 

capacity to measure the way in which consumer preferences change as two important constraining 

factors change ς the amount of time a consumer has available to search the Internet and the actual 

standard of living that the consumer enjoys. Arguably, preferences could be non-homothetic with 

respect to both income and time. An examination of the European data used in this study shows that 

preferences for time allocated to activities on the Internet are definitely non-homothetic with respect to 

time and are also likely to be non-homothetic with respect to income.  Neither feature is built into the 

Goolsbee-Klenow model.  In the model developed here, consumer behaviour is able to adapt in 

accordance with the evidence in the database to which it is fitted, both as more time for Internet usage 

becomes available and as greater income for conventional consumption becomes available. 

2.3 Concept and measurement of opportunity costs  
Another differentiating feature that may be responsible for the substantially larger results than has been 

found in related research is the development of a concept of opportunity cost, and explicit 

measurement of it, that does not depend upon the household wage. In the Goolsbee-Klenow model, the 

opportunity cost of Internet time is the nominal wage, which also serves as the income indicator.  This 

approach, which uses the concept of full income due to Gary Becker, nevertheless has severe restrictive 

empirical implications when applied in a context in which many households cannot reasonably regard 

time spent on the Internet as coming at the expense of wage income.  

By contrast with the use of the wage as opportunity cost measure, in the modelling developed for the 

current study, the important concept is not the opportunity cost of an activity expressed in nominal 

terms, but rather the relative opportunity costs of different activities. This notion of relative 
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opportunity costs is consistent with the normal role of relative prices in economic models of traditional 

consumer behaviour. In the modelling undertaken for this study, up to 15 different categories of 

Internet activity are differentiated. Some of these have lower relative opportunity costs than others 

because they generate information that will be more valuable to consumers.  The model also 

distinguishes between different degrees of relative opportunity costs depending upon the occupation 

of the Internet user. That is, even home or leisure Internet consumption can have differential value to 

consumers depending on the spill-over effects it may have with the future career options of 

consumers.  

Models previously used to assess the role of time as a contributor to utility appear to have been 

developed in an era before the type of data required to assess the effects of relative opportunity costs 

was available. The ability to examine the effects of opportunity costs at a substantial degree of Internet 

activity and occupational disaggregation has now become available and this differentiates the current 

model from earlier ones. 

2.4 Separable time and money budget constraints  
Associated with the move to consider relative rather than absolute opportunity costs, the budget 

constraints modelled here are separated with respect to time and money. Due to this split, time spent 

on leisure need not be seen as a substitute for time spent on conventional consumption but can be seen 

as a complement to it. However, time spent on the Internet can still be modelled as a substitute for time 

spent on other leisure activities. Because the time and money budget constraints are able to be kept 

separate, the model does not need to make use of the theoretically clever but empirically rather 

problematic concept of full income. 

2.5 The ICT revolution ɀ perhaps there is ÓÕÃÈ Á ÔÈÉÎÇ ÁÓ Á ȬÆÒÅÅ ÌÕÎÃÈȭ? 
A further differentiating feature of the model employed here relative to other recent models that have 

been used in Internet time evaluation is its focus on the need to appropriately measure an important 

externality.  It seems likely that this is the most important of the differentiating features in modelling 

that has led to such a large disparity in the results reported here compared to previous results. The 

externalities concept measures the extent to which there really is a (largely) ΨŦǊŜŜ ƭǳƴŎƘΩ in the sense that 

consumers have the opportunity to take advantage of effects that to a significant extent they do not 

need to pay for.  Indeed, they could not afford to pay full cost to obtain the benefit of these 

externalities. Because they could not afford to pay full costs for the value they receive from the Internet, 

ŀ ƳŜŀƴǎ ƻŦ ǾŀƭǳŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻǘƘŜǊ ǘƘŀƴ ΨǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǇŀȅΩ ƴŜŜŘǎ ǘƻ be considered. 

2.6 The Internet as a generator of network externalities  
It can be argued that the presence of an ŜȄǘŜǊƴŀƭƛǘȅ ŎƻƳǇǊƻƳƛǎŜǎ ǘƘŜ ŜŦŦƛŎŀŎȅ ƻŦ ǘƘŜ ΨǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǇŀȅΩ 

ƻǊ ΨŎƻƴǎǳƳŜǊ ǎǳǊǇƭǳǎΩ Ǿŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘ ƛƴ ŀƴȅ ŎƻƴǘŜȄǘΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ welfare valuation of 

the Internet there is a special feature intimately connected with the nature of the Internet which 

suggests that what is present is no ordinary externality but it is in fact a network externality. This greatly 

increases the value of the externality and would seem to be responsible for a result in which the return 

on hours spent on the Internet could be so much higher than the return on conventional hours spent 

working. The measurement of this trade-off is critical to determining the welfare loss that would occur if 
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households could not spend a certain amount of time on the Internet but instead could only choose to 

spend it on more conventional leisure activities. 

2.7  Current aÐÐÒÏÁÃÈÅÓ ÔÏ ÍÅÁÓÕÒÅÍÅÎÔ ÏÆ ÔÈÅ Ȭ)ÎÔÅÒÎÅÔ %ÃÏÎÏÍÙȭ 
Responding to the challenge of measuring the growing importance of the Internet, the OECD in 

September 2011 held an expert  roundtable  and subsequently adopted a three-part approach to 

clŀǎǎƛŦȅƛƴƎ ǿƻǊƭŘǿƛŘŜ ǊŜǎŜŀǊŎƘ ŘŜŘƛŎŀǘŜŘ ǘƻ ƳŜŀǎǳǊƛƴƎ ǿƘŀǘ ƛǎ ƴƻǿ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ΨLƴǘŜǊƴŜǘ 

9ŎƻƴƻƳȅΩ όh9/5Σ 2013). 

2.7.1 Value added approach  

Approach 1 of the classification proposed in OECD (2013) looks at so-called value added measures of the 

direct imǇŀŎǘ ƻŦ ǘƘŜ LƴǘŜǊƴŜǘΦ  ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŜŦŦŜŎǘƛǾŜƭȅ ŎŀǊǾŜǎ ƻǳǘ ŀ ƴŜǿ ΨǎŜŎǘƻǊΩ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ ōȅ 

looking at that component of value added that is due to the Internet in each industry within a national 

economy and aggregating this to form a measure of the value ŀŘŘŜŘ ƻŦ ǘƘŜ ΨLƴǘŜǊƴŜǘ 9ŎƻƴƻƳȅΩΦ  ¢Ƙƛǎ 

requires detailed work involving national accounting standards.  Much of it can be identified with the so-

ŎŀƭƭŜŘ ΨY[9a{Ω ŀǇǇǊƻŀŎƘ ό/ŀǇƛǘŀƭΣ Labour, Energy, Materials, Services) to national accounts 

measurement that has been pioneered for many years by Dale Jorgenson and co-researchers.   Because 

of the now well established trend in global integration of production, this work has acquired an 

international focus and is now supported by the World KLEMS Project under the leadership of Jorgenson 

at Harvard.    

2.7.2 Dynamic approach  

Approach 2 of the OECD (2013) classification looks at the dynamic impact of the Internet.  The key to 

this approach is to look at the Internet as a driver of productivity not only in its own newly defined 

ΨǎŜŎǘƻǊΩ ōǳǘ ƛƴ ŦŀŎǘ ƛƴ ŀƴȅ ǎǘŀƴŘŀǊŘ ǎŜŎǘƻǊ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ŜŎƻƴƻƳȅΦ  ! ǎǳōǎǘŀƴǘƛŀƭ ŀƳƻǳƴǘ ƻŦ ǘƘƛǎ ǿƻǊƪ 

follows from the growth accounting framework associated with the pioneering work of Robert Solow.  

There have also been many research advances allowing more refined measurement of total factor 

productivity (TFP) and attributing growth in TFP where appropriate to technological advances, of which 

the Internet is a prime candidate.  One strand of early work in this category focused on investigating the 

Solow productivity paradox.  There is a good deal of overlap with the interests of researchers who are 

contributing to Approach 1, and again Jorgenson and co-researchers are prominent.  Also relevant is the 

substantial contribution of Erwin Diewert and co-researchers over many years, which integrates detailed 

research on index numbers, microeconomic theory and productivity measurement.  A good deal of this 

work uses sophisticated econometric techniques and modern modelling concepts such as flexible 

functional forms in tandem with duality theory, in order to isolate TFP in a much more general and 

flexible production function context than was used in the original growth accounting framework.    

2.7.3 Socio-economic (indirect) approach  

The third approach that OECD (2013) identifies is to look at the impact of the Internet on economic 

welfare.  This approach is necessarily much more indirect than the two other approaches because the 

concept of economic welfare is not directly measurable in any one dimension.  The authors of OECD 

(2013) identify two broad strands of research within this approach.  The first strand is what they call the 

impact of the Internet on consumer surplus.  Their second identified strand within this approach consists 
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of study of broader welfare gains due to improvements in the environment, social capital, health, 

education and so on.  At a fundamental level, both research strands within the approach 3 classification 

may be viewed as concerned with the welfare of households or consumers, although within the first 

strand there is some emphasis, particularly in consultancy-based research, on measuring consumer 

ǎǳǊǇƭǳǎ ƴƻǘ ǿƛǘƘ ŀ ǾƛŜǿ ǘƻ ŜǾŀƭǳŀǘƛƴƎ ŎƻƴǎǳƳŜǊ ǿŜƭŦŀǊŜ ǎƻ ƳǳŎƘ ŀǎ ǿƛǘƘ ŀ ǾƛŜǿ ǘƻ ΨŜȄǘǊŀŎǘƛƴƎΩ ǘƘŜ ǎƻ-

ŎŀƭƭŜŘ ΨǎǳǊǇƭǳǎΩ ŦƻǊ ǘƘŜƛǊ ŎƭƛŜƴts.  However, regardless of the motivation driving research that could be 

classified under approach 3, there is no denying that much of the activity of consumers within the 

household remains officially unmeasured.  Nevertheless, most would agree that the Internet has 

impacted strongly on consumer and hence on household behaviour.   

2.7.4 An integrated perspective  

In highlighting the value of this three-part categorization, it is instructive to recognise a certain 

consistency in concept that lies behind and links the approaches.  For one thing, the measurement of 

the productivity growth impact as it permeates through the rest of the economy is arguably associated 

with thŜ h9/5Ωǎ ǊŜǎŜŀǊŎƘ ŀǇǇǊƻŀŎƘ 2.  However, since the final impact is on the welfare of households, 

and much of the contribution to household welfare is not directly observed, the best way to measure 

the importance of productivity growth to household welfare could well be to attempt to do so indirectly 

through approach 3.  With respect to approach 1, as is well known, the KLEMS methodology 

concentrates on separating out various types of inputs that, due to technology advances, now can be 

seen to require separate and specialised modelling that recognises the different functions of inputs in 

the production process.  However, to date the same degree of functional disaggregation has not been 

ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ƻǳǘǇǳǘ ǎƛŘŜΦ  ¢ƘŜ ŀǇǇǊƻŀŎƘ ǘƻ ƳƻŘŜƭƭƛƴƎ ōŜƘƛƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ǊŜŎƻƎƴƛǎŜǎ ΨǳǘƛƭƛǘȅΩ ŀǎ 

ΨƻǳǘǇǳǘΩ ŦƻǊ ǘƘŜ ƘƻǳǎŜƘƻƭŘ ǎŜŎǘƻǊΦ  ¦ǘƛƭƛǘȅ ƛǎ ŀ ŎƻƳǇƻǎƛǘŜ of goods and services, the most modern of 

which include internet services.  Interest in currently un-measured or at best poorly measured 

household production suggests a link between approaches 1 and 3 that remains to be fully explored. 

One could also argue that in a social accounting sense the entire activity of the business sector (no 

matter how complex it is in the modern economy) is merely an intermediate step in the generation of 

consumer welfare.   If one is willing to accept this categorisation of what the business sector is really 

there for, then, arguably, the productivity of any industry ought to be measured not so much by its 

output relative to its input but by a valuation of its impact on consumer welfare relative to the value of 

the resources required to produce its output.  

If non-observed but important activities in the economy were ever to be fully measured then ideally the 

value added approach of classification 1 should fully account for the value of the Internet (and of course 

for all other worthwhile but currently unmeasured activities).  Thus, in a sense, although the OECD 

(2013) research classification sets out several possible paths to measurement, one might hope that 

eventually these lead to consistent estimates of the same phenomenon, analogously perhaps to the way 

official statistical agencies currently utilise three alternative but conceptually consistent approaches to 

measurement of GDP ς value added, expenditure and income approaches. 
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2.8 The approach of this paper  
The approach to the evaluation of the Internet that underlies the results reported in this paper can most 

immediately be seen as falling within the third research approach identified by the OECD.  Nevertheless, 

a special feature of the modelling for this study does make use of a key concept that has come out of 

the second approach, and in fact it could be argued that this is what primarily points to an explanation 

of the difference in the size of results reported in the current paper compared to other research.  That 

key feature is the concept of a network externality.  Previous work within the third research paradigm 

does not seem to have separately identified and provided a measure of this concept.  But the concept of 

a network externality is intimately related to the reason why the Internet is so productive, because the 

ǇǊŜǎŜƴŎŜ ƻŦ ŜȄǘŜǊƴŀƭƛǘƛŜǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƴŜǘǿƻǊƪ ŜŦŦŜŎǘǎ ŀǊƎǳŀōƭȅ Ƙŀǎ ŎǊŜŀǘŜŘ ŀ όƭŀǊƎŜƭȅύ ΨŦǊŜŜ ƭǳƴŎƘΩ 

courtesy of the Internet revolution.  

3 The Model  

3.1 Fundamental theoretical paradigm  
An important objective of this paper is to provide an estimate of the value of the internet for consumers.  

For this purpose, the model uses time spent on the Internet as the basis to estimate that value.  In the 

course of estimation, a number of developmental model variations were required in order to better 

explain certain characteristics of the data.  Key terminology is as follows: The total time available for a 

consumer to obtain utility from leisure is denoted by T .  The amount of this time allocated to the Internet 

is denoted IT .  The real income available to the consumer is denoted /R M P¹ , whereM  is money 

income and P  denotes a consumer (or household) ΨǘǊǳŜΩ cost of living index (TCoL).1  Three simple 

functions of either total time spent on the Internet or total time available for other leisure activities are 

introduced ǘƻ ŘŜŦƛƴŜ ǘƘǊŜŜ ƛƳǇƭƛŜŘ ŎƻƴŎŜǇǘǎ ƻŦ ΨŜŦŦŜŎǘƛǾŜ ǘƛƳŜΩ ŦǊƻƳ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ƻŦ ǳǘƛƭƛty generation.  

Generically, these are ( )A A IT f T=  , ( )B B IT f T=  and ( )C C IT f T T= - .2  These respectively allow for the 

modelling of three critical features of technology and consumer preferences:  

¶ A ς primary indicator of utility from the Internet, including a measure of technology-generated 

network externalities;  

¶ B - non-homotheticity of consumer preferences with respect to time; and  

¶ C - non-additivity of Internet time and traditional consumption in the generation of well-being.   

It will be shown that, conditional on finding satisfactory functional forms for these three factors, then: 

                                                           
1 The model is based on theory most applicable to a consumer.  Unfortunately, the Nielsen database has some 
individual consumeǊ ŀƴŘ ǎƻƳŜ ƘƻǳǎŜƘƻƭŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿƘƛŎƘ Ŏŀƴƴƻǘ ōŜ Ŧǳƭƭȅ ŘƛǎŜƴǘŀƴƎƭŜŘΦ  {ƻƳŜ ΨƘŀƴŘ ǿŀǾƛƴƎΩ 
ƛǎ ǊŜǉǳƛǊŜŘ ŀǘ ǘƛƳŜǎ ǘƻ ŀƭƭƻǿ ǘƘŜ ǘŜǊƳǎ ΨŎƻƴǎǳƳŜǊΩ ŀƴŘ ΨƘƻǳǎŜƘƻƭŘΩ ǘƻ ōŜ ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ ƛƴ ǘƘŜ ǎǇƛǊƛǘ ƻŦ ǘƘŜ 
idea that any model is a simplification of realiǘȅΦ  Ψ¢ǊǳŜΩ ƘŜǊŜ ƳŜŀƴǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŎƻƴǎǳƳŜǊ ǇǊŜŦŜǊŜƴŎŜǎΦ 
2 Specific functional forms are introduced and interpreted below.  In the case of the Cf  function, for later 

simulation purposes it is also convenient to introduce a terminology for the utility-value of time when none of it is 

spent on the Internet.  This is defined by 
0( ) ( )

IS C I T CT f T T f T=¹ - = .  
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 (i)  optimal demand for time spent on the Internet can be estimated  by:3 
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(ii)  the value of the Internet can be calculated, consistently with consumer preferences underlying 

the behaviour implied by (1), using the following percentage compensating variation (PCV) evaluation 

formula: 
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and 

(iii) an indirect utility function consistent with both (1) and (2) is:4 

 log logB A CU T T T R~ +              (3) 

It may not be immediately obvious that (3) is a legitimate indirect utility function.  In view of the fact 

that this approach may not be seen as standard, a detailed description of the genealogy of (3) is offered 

in Appendix A.   The summary and discussion in the remainder of this section is hopefully self-contained. 

3.2 Modelling the time quantity terms  
! ƪŜȅ ŦŜŀǘǳǊŜ ƻŦ ǘƘŜ ƳƻŘŜƭ ƛǎ ƛǘǎ ǳǎŜ ƻŦ ΨŜŦŦŜŎǘƛǾŜ ǘƛƳŜΩ ǊŀǘƘŜǊ ǘƘŀƴ ƻōǎŜǊǾŜŘ ǘƛƳŜΦ  The basic ΨƻōǎŜǊǾŜŘ-

to-ŜŦŦŜŎǘƛǾŜΩ time translator needs to take into account the value of the technology of the Internet in 

generating a network externality.  After considerable experimentation, the externality phenomenon has 

been modelled as: 

 1(1 )E IT T h+= +   (4) 

                                                           
3 Notation:  ka , kb  and kg  represent, respectively, elasticities with respect to kp  (the opportunity cost of the 

thk  Internet activity) of three separate non-observable price indexes, AP  , BP   and CP .  These indexes are 

constructed conceptually from a full set of opportunity costs 
jp  , 1,...,j K=  of spending time on a set of K  

ŘƛŦŦŜǊŜƴǘ LƴǘŜǊƴŜǘ ŀŎǘƛǾƛǘƛŜǎΦ  ! ƳŜŀǎǳǊŜ ƻŦ ΨǊŜŀƭΩ ƻǊ relative opportunity cost, /k k Az p¹ P   also appears in (1). 
4 The symbol ~ denotes proportionality.  Other components of utility, not shown in (3), are irrelevant to the 
analysis of Internet time shares using the Nielsen database, essentially because information on commodity 
purchases is not available to estimate traditional consumer demands simultaneously with Internet time demands.  
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The idea underlying (4) is that a positive externality would be implied by 0h> .5  In this case, effective 

Internet time, ET  would be greater than observed Internet time IT .  The absence of any externality is 

represented by the case 0h= .  Then 1E IT T= +Φ  bƻǘƛŎŜ ǘƘŀǘ ǘƘƛǎ ƛƳǇƭƛŜǎ ǘƘŜǊŜ ƛǎ ŀ ǇƻǎƛǘƛǾŜ ΨŜffective 

LƴǘŜǊƴŜǘ ǘƛƳŜΩ ƻŦ ǳƴƛǘȅ ŜǾŜƴ ƛŦ LƴǘŜǊƴŜǘ ǳǎŜ ƛǎ ȊŜǊƻΦ   ¢Ƙƛǎ ƛǎ ǎǳƎƎŜǎǘƛǾŜ ƻŦ ŀƴ ƻǇǘƛƻƴ ǾŀƭǳŜ (measured in an 

appropriate time unit) for Internet availability.  The option value can be normalised at unity by appropriate 

experimentation with the units of measurement of time in the original observed IT  data.   The intention 

is to estimate h  as a parameter, through econometric estimation of the Internet time demand system 

(1). 

The functional forms for Af  , Bf  and Cf  can now be specified.  In fact, they are all constructed from one 

underlying function f  which is designed to embody the principle of diminishing marginal utility.  The 

simplest and most commonly used function for this purpose is the logarithmic function.  For current 

purposes, this needs to be designed to allow evaluation when time is zero.  The generic form adopted is: 

 ( ) 1 log(1 )f x x= + +  (5) 

Using the generic form (5), one can then define four relevant measures of transformed Internet time that 

will be useful for calculating the PCV (2).  Notation for the transformed time measures and functional 

forms expressing them in terms of observed Internet time IT  are specified as: 

 ( )1( ) 1 log(1 ) 1 log 1 (1 ) ( )A E E I A IT f T T T f Th+¹ = + + = + + + ¹  (6) 

   ( ) 1 log(1 ) ( )B I I B IT f T T f T¹ = + + ¹   (7) 

   ( ) 1 log(1 ) ( )C I I C IT f T T T T f T T¹ - = + + - ¹ -  (8) 

   ( ) 1 log(1 ) ( )S CT f T T f T¹ = + + ¹   (9) 

It should be noted that BT  , CT  and ST   can all be constructed pre-estimation from observable data on 

time spent on the Internet, IT .  Only AT  needs additional work, to determine the value of the externality 

parameter h before it can be constructed.   

Specification (3) makes reasonably clear that the prime generator of utility from the Internet is AT .  This 

matches the prime generator of utility from traditional consumption, which is the role of real income R .  

                                                           
5 Given that the uptake of new technology may be initially disruptive, the externality parameter may be best 
thought of as the net effect of positive and negative externalities.  The net effect may change over time.  In the 
study reported here, all data relates to one single year, 2011.  In the unlikely eventuality that there was a 

dominating negative externality in 2011, this would be indicated by finding that 1 0h- < <. The lower bound on 

h ensures non-satiation.  This lower bound recognises that an increase in actual Internet time IT  should at least 

return an increase in the effective time ET .   
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The logarithms of these functions follow a simple and common tradition in modelling diminishing marginal 

utility.  The other two time measures that appear in (3), viz. BT  and CT , represent different marginal 

effects.  BT  allows for non-homotheticity of preferences with respect to time, whileCT  allows for non-

additivity of Internet time and traditional consumption in the generation of utility.  However, insofar as 

they scale the respective prime utility generators log AT  and logR, there is no a priori reason to favour 

one functional form over the other.  Hence, in (7) and (8), BT   and CT  are constructed using the same 

functional form but with arguments reflecting their roles in modifying the utility measure flowing from 

Internet time and time spent on traditional consumption respectively.  That is, BT   depends on IT  but CT  

depends on IT T- .  Additionally, ST  , which does not appear directly in (3) but which features in the 

percentage compensating variation formula (2), is simply the time measure generated for use in the 

simulation when no time is devoted to the Internet.      

Using the functional form specifications defined in the middle sections of (6)-(9) the Internet evaluation 

formula (2) becomes: 

 { }11 log(1 ) 1 log(1 )
log 1 log 1 (1 ) 1 log

1 log(1 ) 1 log(1 )

I I
I

T T T
PCV T R

T T

h+è ø è ø+ + + + -
è ø= + + + + -é ù é ùê ú+ + + +ê ú ê ú

  (10) 

Given a dataset containing information on T , IT   and R , there is only one parameter in (10) that is 

required in order to evaluate the Internet from a consumer perspective.  This is the externality 

parameter h. 

However, provision of a value for the single key parameter h is not a trivial matter.  The initially exhibited 

equations (1)-(3) really encapsulate all that the model can tell us.  Now given specifications (6)-(9) each of 

the equations (1)-(3) contain h.  But of these, only (1) can hope to contain sufficient data to reveal h via 

econometric estimation.  The problem is that (1) also contains many incidental parameters.  However, 

estimation of (1) is critical, not only to providing an estimate of h but also for validating the choice of 

functional forms (5) and (4) which together provide the reduction necessary to make (1) operational.6 

As the specification (4) indicates, the network externality parameter h effectively provides a mapping 

ŦǊƻƳ ΨƻōǎŜǊǾŜŘ LƴǘŜǊƴŜǘ ǘƛƳŜΩΣ ŘŜƴƻǘŜŘ IT Σ  ǘƻ ΨŜŦŦŜŎǘƛǾŜ LƴǘŜǊƴŜǘ ǘƛƳŜΩΣ ET .  This mapping is important 

for capturing an innovative feature of the revolutionary general purpose technology that underlies the 

                                                           
6 A similar issue arises with the Goolsbee-Klenow model.  The key parameter in their model is a parameter that 
they associate with the elasticity of substitution.  They denote this parameter s.  They do not model a network 

externality effect.  The reasons for the differences come down to the model specification.  Their specification has a 
much lower goodness of fit to that of the current model, even when estimated using the same dataset as used in 
the current study, as was done by Pantea and Martens (2013).  Both Goolsbee-Klenow and Pantea-Martens report 

2R  statistics of around 0.1 for the estimated equations from which they extract an estimate of their key 

parameter s.  The model developed here reports 
2R  statistics of above 0.9 for the equations from which this 

ƳƻŘŜƭΩǎ ƪŜȅ ǇŀǊŀƳŜǘŜǊ h is extracted.    
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Internet.  In particular, the existence of network effects means that consumers of the Internet get a 

greater return than is implied by the recorded time spent on the Internet.  It is the conceptual 

recognition of a difference between IT   and ET  that allows the size of the network externality to be 

estimated.   

The generic specification (5) serves an additional purpose.  It allows marginal utility to be estimated as a 

finite amount at zero time allocation.  This is important for avoiding a problem affecting the Goolsbee-

Klenow model where infinite marginal utility at zero time allocation is conjectured to be one of the 

causes of their (alleged) overestimation of welfare effects.  Note that (6) implies 0AT ¸  even if 0IT = .  

In fact in this case 1 log 2AT = + .   This allows some utility to be generated even without actual use of 

the Internet.  This can be interpreted as an amount of utility attained simply by having the connection 

available if needed.  The problem is acknowledged by Goolsbee and Klenow and discussed at greater 

length in Greenwood and Kopecky (2013).   

Greenwood and Kopecky offer an alternative work-around for the marginal utility at zero problem to the 

one involved in (5).  They develop a model which contains a parameter, n , with a similar interpretation, 

but with a slightly different functional form.  They use a mixture of calibration and estimation to pin 

down the value of n.7  However, the Greenwood-Kopecky work-around does not address the need for 

allowing for network effects, an issue that is resolved with the use of (4).   

3.3 Modelling the shadow price functions  

The symbols ka , kb  and kg   that appear in (1) are all interpretable as elasticities emanating from three 

key shadow price indexes representing different views of the true cost of time.  They are best interpreted 

by explaining the role of the respective shadow price indexes.  In Appendix A, equation (A.42), the indirect 

utility function (IUF) (3) is expressed in three equivalent forms.  These are reproduced here for reference 

as:8  

 

( ) ( )( )/ log / / log

log log

( )log ( ) ( ) log

B A C

B A C

B I A I C I

U V V V M

T T T M

f T f T f T T M

P P + P

= +

= + -

  (A.42) 

For the purposes of obtaining optimal Internet time share equations, identification of V  with the value 

of total Internet time and AP , BP  and CP  with three shadow price indexes allows us to interpret (A.42) 

                                                           
7 In fact, it is very difficult to get a reliable estimate of the Greenwood-Kopecky n parameter.  In the current case, 

without data on households who have no access to the Internet, this would be an especially problematic task.  It 
seems better to allocate it a small arbitrary value to which the general results should not be too sensitive, 
essentially because a Taylor series approximation of the utility function shows that inserting the parameter n is 

very close to making a monotonic transformation of utility.  A monotonic transformation will not affect consumer 
behaviour or welfare evaluation using the compensating variation technique. 
8 The only difference between (A.42) and (3) is that the database information virtually requires us to set all 

traditional commodity prices at unity, forcing the identification of real income R  with the database nominal 

income variable M .  Recall that the database contains unit record data related to one year only, 2011.  
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as a rank 3 preference specification.9  The relationship between the first and second lines of (A.42) is based 

on the aggregate valuation identities:  

 A A B B C CV T T T=P =P =P  (11) 

Looking at the relationships at a disaggregated level (for K  categories of Internet activity), suppose that 

Internet activity k  has an opportunity cost kp  per unit of time.  The unobserved shadow prices kp  are 

individual specific.  The total value of time that an individual spends on the Internet is also individual 

specific and can be defined as: 

 
1

K

k kk
V tp

=
=ä   (12) 

The specified model employs three (again, individual specific) shadow price indexes:10 

 

1

11

1

K

A k kk

rrfp --

=
è øP =
ê úä   ,  

1
1

K

kk
f

=
=ä  ,    { }0 1.,,,.k k Kf² " Í   (A.13) 

 0 1
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K

B kk

bb p
=

P = Ô  ,  
1

1
K

kk
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=
=ä  ,    { }0 1,...,k k Kb² " Í  (A.14) 

 0 1

k
K

C kk

gg p
=

P =Ô  ,  
1

1
K

kk
g

=
=ä  ,    { }0 1,...,k k Kg² " Í  (A.15) 

These price indexes have elasticities that enter (1) ƻƴ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ wƻȅΩǎ ƛŘŜƴǘƛǘȅ ǘƻ (A.42).  Specifically, 

the elasticities are:11 

 

1
1

1

1
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log

A k k k
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-

=
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= = ¹æ ö

µ Pç ÷ä
  (13) 
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µ P
=

µ
  (14) 

                                                           
9 See Appendix A for detailed development, presented via a genealogy of alternative preference specifications.  
The purpose of a summary presentation here is simply to allow interpretation of the incidental parameters in (1). 
10 Note that, although the nominal shadow prices kp  may be individual specific, the parameters kf, kb  and kg  

are not.  They could, however, be demographic-group specific.   The intention is to model the kf in this way to 

allow for demographic differences in Internet time demand. 
11 All three price indexes could in principle have multiplicative constants (scaling factors) but it can be argued that 

the scale factor for the main function (the AP  function) should be set at unity. This is a natural scaling option 

because it ensures that if all of the individual shadow prices are unity then the function AP  as specified in (A.13) 

will return a value of unity for the price index.  The other two price indexes, BP  and CP  require scale factors, 

0b  and 0g respectively, to ensure satisfaction of the valuation identities (11).    
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Now define relative shadow prices:12 

 /k k Az p= P  (16) 

Then from the linear homogeneity of the price indexes one has: 

 

1
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 0 1
/ k

K

C A kk

gg z
=

P P =Ô   (19) 

A number of important model-design considerations now follow.  First, using (16) together with the first 

equality in (11), the shadow price time evaluation identity (12) can be rewritten as: 

 
1

K

A k kk
T tz

=
=ä   (20) 

¢ƘŜ ŦƻǊƳ ƻŦ ǘƘŜ ΨǘƛƳŜ ōǳŘƎŜǘ ŎƻƴǎǘǊŀƛƴǘΩ (20) shows that the system of K  equations (1) are not all 

independent, and one (arbitrary) equation must be dropped for estimation.  Without loss of generality 

one can denote this residual as the thK  equation.  Since only one kz  (although all of the kp s) appears 

in each equation, the residual Kz  must in principle be recovered in some way (if it is required).  

Recalling that 
1

1
K

k k
f

=
=ä , then, conditional on r, identity (17) can be used to recover Kz   post 

estimation.   An alternative approach to recovery of Kz  would be to enforce an equality on the Cobb-

Douglas (CD) function of relative shadow prices in (18) similar to what naturally occurs in (17).  This 

proposed additional restriction on the relative shadow prices would take the form: 

 
1

1k
K

kk

bz
=

=Ô   (21) 

                                                           
12 Note that by use of the deflator AP , all nominal shadow prices have an influence on each relative shadow price.   

Effectively, all nominal shadow prices appear in each equation in (1).  Also, although the kp  may be individual 

specific, the kz   are not.  They will, however, be modelled as occupation-specific. 
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Treating (21) as a constraint would allow identification of the scale factor 0b .  Specifically, using (18) in 

conjunction with the second equality in (11), it would yield: 

 0 / /B A A BT Tb=P P =   (22) 

Since Kb   is recoverable from the condition 
1

1
K

kk
b

=
=ä , this would then allow Kz  to be recovered 

from (21). 

Yet another approach to recovering Kz  should be mentioned.  Again by analogy to the type of 

restriction on the relative shadow prices implied by (17), a restriction could be considered of the form: 

  
1

1k
K

kk

gz
=

=Ô   (23) 

If this restriction were enforced it would enable identification of the scale factor 0g, using (19) in 

conjunction with the third equality in (11) to yield: 

 0 / /C A A CT Tg=P P =   (24) 

The identification of specific functional forms for 0b  and 0g is so useful that it is tempting to treat (21)

and (23) as over-identifying restrictions on Kz .  If desired, these can be used as tests of the model, in 

particular as tests of the appropriateness of the choices of functional forms for AT , BT  and CT . 

4 Data 
The model was implemented using a unique and detailed dataset of Internet clickstream recordings.  

The empirical work reported here draws on the Nielsen bŜǘwŀǘƛƴƎǎ ŘŀǘŀōŀǎŜ όΨbƛŜƭǎŜƴ ŘŀǘŀōŀǎŜΩύΣ 

acquired by ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ Wƻƛƴǘ wŜǎŜŀǊŎƘ /ŜƴǘǊŜǎ- Institute for Prospective Technological 

Studies (JRC-IPTS) for the year 2011, which sampled the Internet usage of 25,000 individuals (5000 from 

each of the five largest European Union economies ς France, Germany, Italy, Spain and United Kingdom) 

continuously in real time over the entire year. The research has used a substantial sub-sample of 16,586 

participants taken from the Nielsen database. The Nielsen data contains detailed information on the 

time spent by the survey participants using their home computers to access websites. It classifies these 

websites in various functional categories. It also contains economic and demographic information on the 

respondents, including age, income, education and occupation. 

4.1  Occupational  characteristics of the database  
The occupation of the individual is important in the model for allowing for differential opportunity costs 

of time across occupational categories.  The reasoning here is that some occupations have the 

advantage that time spent on the Internet may not be strictly a substitute for work time ς there could 

be complementarities that vary with occupational type.  The original unit record data allowed 

participants to identify themselves in one of 18 occupational categories.  However, several categories 
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had to be dropped because of lack of a sufficient number of sample data-points.  For this and some 

other minor data quality reasons the size of the sample has been reduced from 25,000 to 16,586 

respondents. 

In the reduced sample, occupational categories are organized into three basic types ς unpaid, paid 

employment and self-employed.  Within these, there are 14 specific occupational categories that are 

distinguished in the model.  Table 4.1 lists the categorisations and also gives the database raw sample 

sizes in each occupational category.  Probably the most obvious feature of Table 4.1 is the relatively 

small number of representatives from education, sales and professional occupations in the full sample.  

The complete absence of sample participants from the education sector in the UK should also be noted.  

The table also reveals that the number of professional occupation representatives from Germany seems 

exceptionally small.  In the case of Italy, the number of clerical/administrative representatives is 

exceptionally large.  Imbalances such as this make comparisons problematic, both across occupations 

and across countries.  Even more imbalanced is the small proportion of self-employed associated with 

the French sample, and the equally small proportion of service workers relative to the other four 

countries.  On the other hand, the representation of management/executive occupations in France is far 

too high, making up almost half of this category. By contrast to this, the representation of the 

management/executive occupations in Germany, Italy and Spain is far too low.  Other anomalies are the 

low proportion of retirees from Spain and the over-representation of this category from France.  Finally, 

sales occupations seem to be under-represented in Italy while students are over-represented. 

 

Table 4.1:  Number of survey participants in each category 

Occupation France Germany Italy Spain UK All 

Unpaid occupations       

Homemaker 145 221 242 192 301 1,101 

Retired 407 249 209 102 284 1,251 

Student 245 193 455 384 270 1,547 

Unemployed 188 318 287 415 221 1,429 

Paid employment       

Clerical/administrative 368 518 825 463 379 2,553 

Education sector 192   61 182 121 .    556 

Management/executive 658 101   91 131 383 1,364 

Manual worker (operator/labourer) 176 288 285 198 226 1,173 

Professional   59   37 116   70 303    585 

Sales   88 115   56 144 228    631 

Service worker   79 369 209 253 170 1,080 

Technical 196 114 129 289 137    865 

Other paid employees 102 318 137 321 100    978 

Self employed 104 232 521 292 324 1,473 

All participants   3,007   3,134   3,744   3,375   3,326  16,586 
 



17 
 

4.2 Imbalance of incomes across the database  
Apart from sample cell numbers, also relevant is the issue of the representativeness of participants in 

terms of their position in the income distribution.  Table 4.2 throws some light on balance from this 

angle.  This table shows other features of the French imbalance, with an overall average income of 

40,373 Euros compared to a cross-country average of 33,780.  While some cross country differences are 

clearly realistic, the size of the French imbalance is well outside the expected range if the sample were 

to be representative of the population.   In France, students seem to be drawn from higher income 

households than is the case in the other countries (41,180 Euros compared to a cross-country average of 

31,584).  The same is true for homemakers (39,259 compared to the cross-country average of 28,553). 

An anomaly in the German data seems to be the high average income in the clerical/administrative 

category, 37,051 Euros, relative to say the education sector, where the average annual income is 

estimated to be 34,230 Euros.  This is the reverse of the income rankings in the other countries (except 

of course for the UK where the comparison cannot be made).   In the UK case, technical workers receive 

almost the same average income as professional workers.  This is not the case in any other country, 

where technical workers receive about 80 per cent of the salaries of professional workers.  It is tempting 

ǘƻ ŎƻƴŎƭǳŘŜ ǘƘŀǘΣ ƛƴ ǘƘƛǎ ǎŀƳǇƭŜΣ ǘƘŜ ƻŎŎǳǇŀǘƛƻƴŀƭ ŎŀǘŜƎƻǊȅ ΨǘŜŎƘƴƛŎŀƭ ǿƻǊƪŜǊΩ ƛƴ ǘƘŜ ¦Y ǊŜǇǊŜǎŜƴǘǎ ŀ 

higher quality occupation than it does in the other countries. 

 

Table 4.2:  Estimated average income (occupational category x country) (Euros in 2011) 

Occupation France Germany Italy Spain UK All 

Unpaid occupations       

Homemaker 39,259 29,342 26,070 26,461 26,148 28,553 

Retired 39,958 28,735 39,876 32,515 29,868 34,813 

Student 41,180 26,440 31,876 28,922 29,850 31,584 

Unemployed 25,444 19,175 20,289 19,822 20,016 20,541 

Paid employment       

Clerical 33,065 37,051 31,555 31,315 37,057 33,661 

Education sector 44,742 34,230 38,794 37,413 . 40,047 

Management/executive 54,178 49,634 60,082 53,450 47,009 52,152 

Manual worker 26,923 30,203 22,342 24,136 30,186 26,774 

Professional 53,008 55,703 45,039 42,557 45,832 46,631 

Sales 31,807 30,874 29,089 30,656 33,276 31,664 

Service worker 29,848 32,061 33,502 30,717 31,844 31,829 

Technical 38,640 41,763 36,209 36,467 43,883 38,794 

Other paid employees 29,515 32,052 26,277 25,752 39,735 29,696 

Self employed 43,832 35,748 33,107 33,503 37,681 35,365 

All participants 40,373 32,074 31,857 30,308 35,114 33,780 
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4.3 Characteristics of the Internet activities  
The original Nielsen database has Internet time expenditures of the 25,000 respondents recorded on a 

daily real time basis for up to 83 sub-categories of Internet usage.  However, for current purposes these 

data are aggregated to one observation per respondent (time spent over the entire year) on each of an 

aggregated set of 15 Internet time use categories. 

The 15 Internet time use categories are listed in Table 4.3.  The table also records the broad shape of a 

graph indicating the relationship between the proportion of their total Internet time that each 

household spent on the various Internet activities and the total time that they had allocated to all 

Internet usage.  These graphs are best ǘƘƻǳƎƘǘ ƻŦ ŀǎ ΨǘƛƳŜ-ƻǊƛŜƴǘŜŘ 9ƴƎŜƭ /ǳǊǾŜǎΩΦ  ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ƛǎ 

to investigate the different types of Internet time usage behaviour that need to be modelled to fully 

explain household Internet behaviour.   A downward sloping time-oriented Engel Curve could be 

ŎƘŀǊŀŎǘŜǊƛǎŜŘ ŀǎ ŀ ΨǘƛƳŜ ƴŜŎŜǎǎƛǘȅΩΦ  ¢Ƙŀǘ ƛǎΣ ƛǘ ǘŀƪŜǎ ǳǇ ŀ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘƛƳŜ ƻŦ 

someone who is time poor but a small proportion of the time of someone who is time rich. 

It turns out that the 15 different Internet activities can be classified broadly into four groups of Internet 

time usage types.  The four key types are indicated in Figures 4.1 ς 4.4.  These should be referred to in 

order to explain the Figure references in Table 4.3. 

Table 4.3  Internet time use categories anŘ ǘƘŜƛǊ ŀǇǇŀǊŜƴǘ ΨǘƛƳŜ-ǎƘŀǊŜΩ ǎƘŀǇŜǎ 

Internet time use category Shape Comment 

1: Automotive Downward sloping hyperbola See Figure 4.1 

2: Computers and Consumer Electronics Downward sloping hyperbola Similar to Figure 4.1 

3: Corporate Information Downward sloping hyperbola Flatter than Figure 4.1 

4: Education & Careers Downward sloping hyperbola Similar to Figure 4.1 

5: Entertainment No obvious pattern See Figure 4.2 

6: Family & Lifestyle Downward sloping hyperbola Similar to Figure 4.1 

7: Finance Downward sloping hyperbola Similar to Figure 4.1 

8: Government & Non-Profit Downward sloping hyperbola Similar to Figure 4.1 

9: Home & Fashion Downward sloping hyperbola Similar to Figure 4.1 

10: e-Commerce Downward sloping but fat See Figure 4.3 

11: News & Information Downward sloping but fat Similar to Figure 4.3 
12: Search Engines, Portals, & 
Communities 

No obvious pattern Similar to Figure 4.2 

13: Special Occasions Almost flat  See Figure 4.4 

14: Telecom & Internet Services Downward sloping but fat Similar to Figure 4.3 

15: Travel Downward sloping hyperbola Similar to Figure 4.1 
 

Figure 4.1 shows a typical example of the predominant pattern - a downward sloping hyperbolic shape.  

¢ƘŜ  Ψ!ǳǘƻƳƻǘƛǾŜΩ ŎŀǘŜƎƻǊȅ ƛǎ ǳǎŜŘ ǘƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘƛǎ ǎƘŀǇŜΦ   !ǎ ¢ŀble 4.3 shows, this pattern is also 

evident in most (eight) of the other time categories.13 

                                                           
13 All 25,000 observations are displayed in the following figures.  The Internet time use categories are also given in 
the order used in the original database. 
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Figure 4 .1:  Example of downward sloping hyperbola  

 

Two Internet time-use categories exhibit no obvious pattern with respect to time (see Figure 4.2 for 

illustration).  It turns out that these are important categories because they represent most of a typical 

ƘƻǳǎŜƘƻƭŘΩǎ LƴǘŜǊƴŜǘ ǘƛƳŜ ǳǎŀƎŜ ς ǘƘŜǎŜ ŀǊŜ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ ƴŀƳŜŘ Ψ9ƴǘŜǊǘŀƛƴƳŜƴǘΩ ŀƴŘ Ψ{ŜŀǊŎƘ 9ƴƎƛƴŜǎΣ 

tƻǊǘŀƭǎ ŀƴŘ /ƻƳƳǳƴƛǘƛŜǎΩΦ   

Figure 4 .2:  Example of no obvious pattern, but likely hiding several upward slopes  

 

Three Internet time use categories, all closely related to tele-communications, while showing a 

downward sloping tendency in share form, contain too dense a pattern of data-points to be well 

represented by a curve without considerable further refinement of the model (see Figure 4.3).  As the 

segment of the Nielsen database used in this study did not contain further disaggregation of the 

relevant time use categories, household usage of the Figure 4.2 and 4.3 patterned categories is unlikely 

to be able to be explained to the same extent as the Figure 4.1 patterned categories.  However, the 

original Nielsen database does contain considerably more disaggregated information and a clear 
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