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The Productivity of the Internet from the Perspective of Households

Abstract
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perspective of households. Tphilosophy underlying the research paradigm is that, from a household
sector perspective, an innovation is productiveiid only if it increases consumer welfare. This
philosophy essentially takes a general equilibrium perspective, with the welfarersbns 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 unpradtive. The research reported here has used data from a
substantial sukssample of 16,586 participants taken from a NiekbéztRatings 2011 database of

website activity of 25,000 users across the five larg@sbpeanJnion (EU) economies-rance,

Germany Italy, Spain and United Kingdorthat 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 modedleveloped hereontains several possibledtures 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 demonstratkat the importance of thélhternet9 O 2 y Zovitthges
to grow over time as successive innovations enhance its impact on the econorog aadiety in
general(OECD2013) Many studies have sought to quantify the effect of the Internet dnfafrmation
and Communications Technology (ICT) generally on business productivity. There have fieaesr far
studies of the impact on households. This study seeks to contribute to measurentbatprbductivity
oftheWL y (i S NJ S fromah® geyspettive®f howholds. Thehilosophy underlying the research
paradigm is that, from a consumer perspective, an innovatigmaductive if and only if it increases
consumer welfare. This philosophy essentially takes a geegudlbrium rather than a partial
equilibrium perspectivewith the welfare of persons as the ultimaebiter. Thus, after the circular
flow of income has done its work, if an innovation does not ultimately teash improvement in
consumer welfare then, from the perspective of the ultimate tehieffectively it has been
unproductive.

1.2  Startling Result

This study estimates the value of the Intermebnomy for the median househoftbm more than

16,000 European householdsabout50 per cenbf income. That is, the median consumer would

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

Internet delivers tahem. The estimate varies froi7 per cent in France to 56 per cent in Germany, 51
per cent in Italy, 53 per cent in Spain andp®4 cent h the United KingdomUK). The lowest income
group benefits more than twice as much (78 per édeobme increase) as the highest income group (33
per cent income increase). Younger age grdagreefit more than older age groups and singles benefit
more thanfamilies withchildren.

1.3 Comparison wit h an Influential Academic Study

The most influential paper to date on the value of the Interteehouseholdss that of Goolsbee and
Klenow (2006) In a study using a sampleldfited StatesldS households in @05, heir preferred
approach generates an euation at slightly less than 3 per cesitincome.

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. Ttliscussion 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. Sedtionséab the

data. Section 5 discusses issues and results from econometric estimation. The key Internet valuation
findings are presented in Section 6. Discusaiwthan attempted reconciliatiofollows in Section 7.
Concluding comments appear in Sentk



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 p€r centvaluation obtained inhis study and the
approximate Jer centvaluaion (in equivalent terms) from the influential Goolsbtenow 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 piaysabatant 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 tHas and European consumers are radically different in their
preferences with respect toternet-based consumption. A more likely explanation than any ofehes
without attributing error at this pointjs thateither the Goolsbedlenow model othe model employed

in this study, or perhaps both, are nottof f @ WTFTA G F2NJ LIZNLIR2 A4S Qd

2.2 Non- homotheticity of preferences

The model developed for this research possesses several special features that couldtexplain
differences between the reported results and thoseGmolsbee and Klenavdne of these featuresas
capacity to measure the way which consumer preferences change as two importamtstraining
factors change the amount of time a consumer has available to search the Internet analctiel
standard of living that the consumer enjoygguably, preferences could Im®n-homotheticwith
respect to both income and time. Aaxamination of theEuropeardataused in this studghows tha
preferences for time allocated to activities on the Internet are definitely-homothetic with respecto
time and are also likely toedononhomothetic with respect to income. Neither feature is built into the
GoolsbeeKlenow model.In the model developed here, consumer behaviour is able to adapt in
accordance with the evidence in the databasevhich it is fitted ,both as more time for Internet usage
becomes available arab greater income for conventional consumption becomslable.

2.3 Concept and measurement of opportunity costs

Another differentiating feature that may be responsible for the substantially larger resulthtsabeen
found in relaed research is the development of a concept of opportunity cost,exdicit

measurement of it, that does not depend upon the household whgéhe Goolsbedlenow model, the
opportunity cost of Internet time is the nominal wage, which also servéseisicome indicator. This
approach, which uses the conceptfafl incomedue 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 Interneis 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 importantconceptis not the opportunity cost of an activity expressed in nominal
terms, but ather therelativeopportunity costs of different activities. This notionrefative




opportunity costss consistentvith the normal role of relative prices in economic models of traditional
consumer behaviour. lime moddling undertaken for this studwp to 15 different categories of
Internet activityare differentiated. Some of these have lower relative opportunity costs than others
becauseghey generate information that will be more valuable to consumers. The model also
distinguishes between differémegrees of relative opportunity costs depending upon the occupation
ofthe Internet user. That is, even home or leisure Internet consumption can have differentiatovalue
consumers depending on the spiler effects it may have with the future caregutmnsof

consumers.

Models previously used to assess the role of time as a contributor to utility appbare been
developedin an erabefore the type of data required to assess the effects of relaipmortunity costs
was available. The ability toceamine the effects of opportunity costs at a substantial degfdaternet
activity and occupational disaggregation has now become available ardiffeigntiatesthe current
model fromearlierones.

2.4 Separable time and money budget constraints

Asso@ated with the move to consider relative rather than absolute opportunity costshtiuget
constraints modelled here are separated with respect to time and money. Due to thisis@ispent
on leisure need not be seen as a substitute for time spertanventional consumptiobut can be seen
as a complement to it. However, time spent on the Internet can still be modelladalsstitute for time
spent on other leisure activities. Because the time and money buclygttraints areable to be kept
separate the modé does not need to make use of tiigeoreticallyclever but empirically rather
problematicconcept offull income

2.5 The ICT revolution z perhapsthere sOOAE A OEET C AO A
A further differentiating feature of the model employeéte relative to other recent modethat have
been used in Internet time evaluation is its focus on the need to appropriately measumgportant
externality. It seems likely that this is the most important of the differentiating featimemodelling

that has led to such a large disparity in the results reported here compam@@wus results. The
externalities concept measures the extent to which there really is a (largeflyNBzgiOtKesense that
consumers have the opportunity to take advagéeof effects that to aignificant extent they do not
need to pay for. Indeed, they could not afford to pay full cost to olitaérbenefit of these
externalities. Because they could not afford to pay full costs for the Wa@yaeceive from the Interat,

I YSIya 2F O tdS YSIH&dNBYSy( »dcénddededi Ky WoAft AyIy

2.6 The Internet as a generator of network externalities

It can beargued that the presence of M E G SNy I f Aié O2 YLINR YA aSal A KIS &SF T4 C
2 NI2W & dzY SNJ A dzNLJ dz&a Q @I € dzt GA 2y Y S Kawlfara waluatioidf O2 y (i S E

the Internet there is a special feature intimately connected with the natuteefnternet which
suggests that what is present is no ordinarternalitybut it is in fact anetwork externality. This greatly

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

onhours spent on the Internet could be so much higher than the return on conventional hours spent
working. The measurement of this traadf is critical to determining the welfare loss that would oca€ur
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households could not spend a certain amount of time on the Internet but instead couldrmdgeto
spend it on more conventional leisuaetivities.

27 Currentabb Ol AAEAO O 1 AAOGOOAT AT O 1T £# OEA O)1i
Responding tehe challenge of measuring the growing importance of the Interttet OECD in

September 2011 held an expert roundtable and subsequently adopted aflréapproach to

cd- aaAFeAyd 62NI R6ARS NBaSkHNOK RSRAOIFIGSR (G2 YSI &dzNF
902y 2Y@Q018h9/ 5%

2.7.1 Value added approach

Approach 1 of thelassificatiorproposed in OEC{2013)looks at secalledvalue addedneasures of the

directimld- OG 2F GKS LYyGSNYySao ¢CKAA FLIINRIFOK STFSOGADS
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 ofthe iallRR S R 2F (G KS WLYGSNySia 9
requires detailed work involving national accounting standards. Much of it can be identified with-the so
OFff SR WY[ 9a/{ QLabowEN¢R), ekeriads/ Sertidked) to halonal accounts

measurement that hs been pioneered for many years by Dale Jorgenson anesearchers. 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 undeattiership of Jorgenson

at Harvard.

2.7.2 Dynamic approach

Approach 2 of the OEQRO013)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 owtyrasfined
YaSOG2ND o6dzi Ay FFOG Ay Fyeé aidlyRFNR aSOG2N 2F (K
follows from the growth accounting framework associated with the pioneering work of Robert Solow.
There have also been many research advara®wing 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 invegtigatin
Solowproductivity paradox There is a good deal of overlap with the interests of researchers who are
contributing to Approach 1, and again Jorgenson ancesearchers are prominent. Also relevant is the
substantial contribution of Erwin Diewerhd coresearchers 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 approachhat 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 dimendiba 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 broadewvelfare 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 consualdrsugh within the first

strand there is some emphasis, particularly in consultdrased research, on measuring consumer

adzNLJ dza y20 6AGK | @ASg (2 SOLrtdzd dAy3a O2y-adzySNJ 4S5
Ol f £ SR Wa& dzN1i6. ddawever r2daddliés& S theNdovatianRisiving research that could be

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

household remains officially unmeasured. Nevertheless, most would agree thauténedt has

impacted strongly on consumer and hence on household behaviour.

2.7.4 An integrated perspective

In highlighting the value of this thregart categorization, it is instructive to recognise a certain

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

the productivity growth impact as it permeates through the rest of the economy is arguably associated
withthS h 9/ 5Q&a NI a5 Howbdr, sindditinldhal ineact is on the welfare of hookih

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 3With respect to approach, 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 argpecialisednodelling thatrecogniseshe different functions of inputs in

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

I LILX ASR G2 GKS 2dzilLdzi aARSo® ¢KS | LIWINRIFOK G2 Y2RS
W2 dzi LJdzG Q F2NJ 0§ KS K2 dza S Kéf goBds anfl eividgeNhe mdstimbderh 6fé A a |
which include internet services. Interest in currentlymeasured or at best poorly measured

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

One could also arguthat 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 at wie business sector is really
there for, then arguably, the productivity of any industry ought to be measuretiso much by its

output relative to its input buby a valuation ofts impact on consumer welfare relative to thalue of

the resources rquired 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 otherworthwhile 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 phenomeniogously perhaps to the way
official statistical agencies currentjilisethree alternative but conceptually consistent approaches to
measurement of GDPvalue added, expenditure and income approaches.



2.8 The approach of this paper

The approach to tb evaluation of the Internet that underlies the results reported in this paper can most
immediately be seen as falling within the thigsearch approach identified by the OEQievertheless,

a special featuref the modelling for this studgloes make usef 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 oésults reported in the current papeompared to other research. That

key fedure is the concept of aetwork 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 reaswhy the Internet is so productive, because the
LINBaSyOS 2F SEGSNYylItAGASa O2YO0AYSR 6AGK ySiGg2N] S
courtesy of the Internet revolution.

3 The Model

3.1 Fundamental theoretical paradigm

An importantobjedive of this papeis to provide an estimate of the value thie internet for consumers.

For this purpose, the modeises time spent on the Internet as the basis to estimate that value. In the
course of estimation, a number of developmental model vaviadi were required in order to better
explain certain characteristics of the dat&ey terminology is as follow$he total time available for a
consumer to obtain utility from leisure is denoted By. The amount of this time allated to the Internet

is denotedT, . The real income available to the consumer is dendd M/ P, whereM is money

income and P denotes a consumer (or househol® i NzS§ @ living indeXTCoL} Three simple
functionsof either total time spent on the Internet or total time available for other leisure activities
introducedi 2 RSFTFAYS GKNBS AYLI ASR 02y OSLIi & tyganer8tiSriF F SO0 A ¢
Generically, these aré, = f,(T,) , Ty = f5(T,) and T, = f.(T -T,).? Theserespectively allow fothe

modelling ofthree critical features of technology and consumer preferences

1 Acgprimary indcator of utility from the Internet, including a measure of technolagnerated
network externalities;

1 B-non-homotheticity of consumer preferencewith respect to time and

1 C-non-additivity of Internettime andtraditional consumptionin the generan ofwell-being

It will be shown that, conditional ofinding satisfactory functional formm for these thredactors then:

1 The model is based on theory most applicable to a consumer. Unfortunately, the Nielsen database has some

individual consumilJ | YR a2YS K2dzaSK2f R OKI NI OGSNRaAGAOA oKAOK O vy
Ad NBIdZANBR G4 GAYSa G2 ltft2¢ GKS GSN¥Ya wo2yadzrSNR | yR

idea that any model is a simplification of réak ® We¢ NHzSQ KSNB YSIya O2yaraidSyd éa
2 Specific functional forms are introduced and interpreted below. In the case of&h&mction, for later

simulation purposes it is also convenient to introduce a testogy for the utilityvalue of time when none of it is

spent on the Internet. This is defined Ay * f (T -T,)‘ =0 £(T).



0] optimal demand for time spent on thinternet canbe estimated by:?

feak+ RlogT, +Kq-ll:£IogR %JT

t =] —° o k=1..K 1)
T 1+logT, +SlogR %«
[ Tg ¥

(i) the value of the Internet can be calculatezbnsistently with consumer preferences underlying
the behaviour implied ¥(1), using the followingpercentage compensating variatig@CVevaluation
formula

€ e a
PCV:é% 99T, +%¢ 1 logR @)
e's u € u

and

(iii) an indirect utility function consistent with botfl) and (2) is#
U ~T;logT, +T.logR ()

It may not be immediately obvious th#B) is a legitimate indirect utility functianin view ofthe fact
that this approach may not be seen asandard adetailed description of the genealogy @3) is offered
in Appendix A The summary and discussion in the remainder of this section is hopefulyosediined.

3.2 Modelling the time quantity terms

I 1Se FSIHGdzZNBE 2F (KS Y2RSft Aa Ada Wasi®Fo ASNBSOI A
to-S ¥ T S Gnieitr@nSI&Por needs to take into account the value of the technology of the Internet in
generatinga network externality After considerablexperimentation, the exterr#gy phenomenon has

been modelled as:

T =@ )" @)

3 Notation: &, , bk and g, represent, respectively, eltisities with respect top, (the opportunity cost of the

k" Internet activity) of three separate nepbservable price indexed? A+ Pg and P .. These indexes are

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

RAFTFSNByYy(d LydSNySi | OndlaidoipartSnitydrost2, 1 Y3 | Pi disidSppeafs NS £ Q 2 NJ
4 The symbol ~ denotes proportionality. Other components of utility, not show@), are irrelevant to the

analysis of Internet time shares using the Nielsen database, essentially because information on commodity
purchases is not avale to estimate traditional consumer demands simultaneously with Internet time demands.
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The idea underlying) is that a positive externality would be implied y> 0.5 In this case, effective

Internet time, T would be greatethan observednternet time T, . The absence of any externality is
represented by the casé# =0. ThenT. =1 , ® b23A0S GKI G GKAaffedtivéLI A Sa
LYGSNYySG GAYSQ 2F dzyadGe S@Sy AT Ly(dSENpaSuiedidmda S Aa |
appropriatetime unit)for Internet availability.The option valuean be normalised at unity by appropriate
experimentation with the uits of measurement of time in the originabservedT, data. The intention

is to estimate/7 as a parameterthrough econometriestimation of the Internet time demand system

(D).

The functional forms forf, , f; and f. can now be specified. In fact, they are all constructed from one
undeilying function f which is designed to embody the principle of diminishing marginal utility. The

simplest and most commonly used function for this purpose is tharitgnic function. For current
purposes, this needs to be desight allow evaluation when time is zero. The generic form adopted is:

f(x)=1 Hog(l x) 5)

Using the generic forr(®), onecanthen define four relevant measures of transformed Internet time that
will be useful for calculating the PQR). Notation for the transformed time measures and functional

forms expressing them in terms of observed Internet tileare specified as

Tt f(T) 4 legl T2 1dodd @ BY'} 6 (1 6)
Tt (1) 4 gl TH £XT) ()

Tt (T -T) Flogd T+T)- £(T T) (8)

Tt f(T) 4 legl T3 fAT) ©)

It should be noted thafl; , T, and T can all be constructed prestimation from observable data on
time spent on the Internet], . OnlyT, needs additional work, to determine the value of the externality

parameter/ before it can be constructed.

Specificatior(3) makes reasonably clear that the prime generator of utility from the Interndt,is This

matchesthe prime generator of utility from traditional consumption, which is the role of real incétne

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 ertdities. 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<? €. The lower bound on

h ensures norsatiation. This lower bound recognises that an increase in actual Internetltjinshould at least

return an increase in the effective timé. .
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The logarithms of these functions follow a simple and common tradition in modelling diminishing marginal
utility. The other two time measurethat appear in(3), viz. T; and T, represent differentmarginal
effects. T, allows for norhomotheticity of preferences with respect to time, whilg allows for non
additivity of Internet time and traditional consumption in the generation of utilijowever, insofar as

they scale the respective prime utility generatdegyT, and logR, there is no a priareason to favour

one functional form over the other. Hence,(if) and(8), T, and T, 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 traditionabnsumption respectively. That i, depends onl, but T,
depends onT - T,. Additionally, Tg , which does not appear directly {8) but which features in the

percentage compensating variation formu2), is simply the time measure generated for use in the
simulation when no time is devoted to the Internet.

Using thefunctional form specifications defined in the middle sectiong6d{(9) the Internet evaluation
formula(2) becomes:

_€l+log(l #,) ledog(l T+ T )

POy = log ) ﬁg{l foggl € T Jg 9 ool T |egj: ~

Given a dataset containing information dn, T, and R, there is only one parameter {#0) that is

required in order to evaluate the Internet from a consumergpective. Tis is the externality
parameter/ .

However provision of a value for the single key paramefteis not a trivial matter. feinitially exhibited
equations(1)-(3) really encapsulate all that the model can tell us. Now given specificd6i(8) each of
the equationg1)-(3) contain /7. But of theseonly(1) can hope tacontain sufficient data to revedt via
econometric estimation. The problem is th@) also contains many incidental parametersiowever,
estimation of(1) is critical, not only to providing an estimate 6fbut also for validating the choice of

functional forms(5) and (4) which together provide the reduction necessary to m@Keoperational®

As the specificatio®) indicates the network externality parametef effectively provides a mapping

TNRY W20aSNBSR LYWESNYWR2AG WSHAFSHDVDES @0yRigss important

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

5 A similar issue arises with the Goolsk€lenow model. The key parameter in their model is a parameter that

they associate with the elasticity of substitution. They denote this paramg&terThey do not model aetwork
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 studyas was done by Pantea and Martens (2013). Both Goolklm®w and Pante&artens report

R? statistics of around 0.1 for the estimated equations from which they extract an estimate of their key
parameterS . The model developed here reporB2 statistics of above 0.9 for the equations from which this
Y2RSt Qa | SRis&drabtddY S SNJ
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Internet. In particular, the existence of network effects means that consumers dhtbenet get a
greater return than is implied by the recorded time spent on the Interrets the conceptual
recognition of a difference betweel, and T that allows the size ofite network externalityto be

estimated.

Thegeneric specificatio(b) serves an additional purpose. altows marginal utility to be estimated as a
finite amount at zero time adication. This is important for avoiding a problem affecting the Gootsbee
Klenow model where infinite marginal utility aero time allocation is conjectured to lo@e of the

causes ofheir (allegedpverestimation of welfare effects. Note thé) impliesT, , O evenifT, =0.

In fact in this casd, =1 #0g2. This allows some utility to be generageken without actual use of

the Internet. This can be interpreted as an amount of utility attained simply by having the connection
available if neededThe problem is acknowledged by Goolsbee and Klenow and discussed at greater
lengthin Greenwood and Kaecky (20.3).

Greenwood and Kopecloffer an alternative workaroundfor the marginal utility at zero problento the
one involved in5). They develop a na@l which contains a parametef, , with a similar interpretation,
but with a slightly different functional formThey use a mixture of calibration and estimation to pin
downthe value of7.” However, theGreenwoodKopecky workaround does not address the need for
allowing for network effects, an issue that is resolved with the ugé)of

3.3 Modelling the shadow price functions
Thesymbolsa,, b, and g, that appear in(1) are all interpreable as elasticities emanating fromree

key shadow price indes representing different views of the true cost of time. They are best interpreted
by explaining the role of the respective shadow price indekesppendix Aequation(A.42), the indirect
utility function (IUF)(3) is expressed in three equivaleforms. These are reproduced here for reference
as8

U~(V/Pg)log(V/P,) {V/ PlogM
=TglogT, . logM (A42)
= fg(T)log 7,(T) +(T 7)logM

For the purposes of obtaining optimal Internet time share equatjddentification ofV with the value
of total Internet time andP ,, P ; and P . with three sfadow price indexes allows usitderpret (A.42)

"In fact, it is very difficult to get a reliable estimate of the @r@ood-Kopecky/? 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 theegehresults should not be too sensitive,

essentially because a Taylor series approximation of the utility function shows that inserting the paréhister

very close to making a monotonic transformation of utility. A monotordagformation will not affect consumer
behaviour or welfare evaluation using the compensating variation technique.

8 The only difference betwee(f.42) and (3) is that the database information virtually requires us to set all
traditional commodity prices at unity, forcing the identification of real incoRewith the database nominal

income variableM . Recall that the database contains unit record data related to one year only, 2011.

12



as a rank 3 preference specificatibithe relationship between the first and second line*o42) is based
on the aggregate valuation identities:

V=FRT, =d =T 1)

Looking at the relationships at asdggregated level (foK categories of Internet activitysuppose that
Internet activity K has an opportunity cosp, per unit of time. The unobserved shadow priggsare

individual specific. The total value of time that an individual spends on the Internet is also individual
specific and can be defined:as

o K
V=a 0,4 12

The specified model employs thréagain, individual specifishadow price indexe¥:

1

Py=8, /Y A f=1, £,20k {1,.K (A13)
Pe =60, & 8,871, 520 'k {L1..K} (A14)
Pe :g0©::1 [ é:ﬂgﬁl, 920 'k {1..K} (A.15)

These price indexes have elasticities that effi@2 y I LILX A Ol G A 2 y (ABZF Spegifedpa A RSy
the elasticities arét

pog B _ f /' & po .
|O T K -7 k(tp o Q (13)
wogp, &' 7, p c R <
Ho9 B _p, (14)

ulogp,

9 See Appendix A for detailed development, presented via a genealogy of alterpedfeeence specifications.
The purpose of a summary presentation here is simply to allow interpretation of the incidental paramgBrs in

19 Note that, alhough the nominal shadow pricg8, may be individual specific, the paramete?f,s, bk and g,

are not. They could, however, be demographioup specific. Thiatention is to model thefk in this way to

allow for demographic differences in Internet time demand.
1L All three price indexes could in principle have multiplicative constants (scaling factors) but it can be argued that

the scalefactor for the main function (theP , 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 furletiprs specifd in(A.13)
will return a value of unity for the price index. The other two price indek®g,and P . requirescale factors,

b, and g, respectively, to ensure satisfaction of the valuation identiEs.
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plog R _

=0k (15)
ulogp,

Now definerelative shadow prices?
z.= pl P, (16)

Then from the linear howgeneity of the price indexes one has

1
1283 :zlfk {Lr lgr Y élk(:l kfkl-z 4 (17)
P,/ P, 1,0, 2 (18
P./P, O, & (19

A number of importanmodeldesignconsiderations now follow. First, usitip) together with the first
equality in(11), the shadow price time evaluation identif¥2) can be rewritten as:

. K
T.=a kzlzktk (20

¢CKS F2NX 2F (GKS WYIOshows tidatitie 3yStém ol 2q0&dtians(1) dre/nodtall
independent, and one (arbitrary) equation must be dropped for estimation. Without loss of generality
onecan denote this residuas the K™ equation. Since onlgne Z, (although all of thep, s) appears

in each equation, the residua, mustin principlebe recovered in some wdjf it is required)

Recalling thatq} kK=1fk =1, then, conditional onr , identity (17) can be used to recover, post

estimation. An alternative approach tecovery ofz, would be to enforce an equality on ti@obb

Douglas €D function of relative shadow prices {f8) similar to what n&urally occurs in{17). This
proposed additional restriction on the raiae shadow prices would take tHerm:

~

K
O,z =1 (21)

12Note tha by use of the deflatoP ,, all nominal shadow prices have an influence on each relative shadow price.
Effectively, all nominal shadow prices appear in each equati¢h).inAlso, although thgd, may be individual

specific, thez, are not. They will, however, be modelled as occupatipacific.
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Treating(21) as aconstraint would allow iderification of the scale factow,. Specifically, using.8)in
conjunction with the second equality (f1), it would yield:

b= R/ R FIT, (22)

. . .o K .
Since b, is recoverable from the conditiogy k:lbk =1, this would then allowz, to be recovered

from (21).

Yet another aproach to recoveringz, should be mentioned Again by analogy to the type of
restriction on the relative shadow prices implied y), a restriction could be considered of the form:

K
O.2*%=1 23)

If this restriction were enforced it would enable idéidation of the scale factog,, using(19) in
conjunction with the third equality ifl1) to yield:

gO = F(): / PA -EA/ TC (24)

The identification of specific functiahforms for 6, and g, is so useful that it is tempting to treé21)
and(23) as overidentifying restrictions onz, . If desiredthese can be used as tests of the model, in

particular as tests of the appropriateness of the choices of functiamaid forT,, T, and T .

4 Data

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

The empirical work reported here draws on the NielseS G wl G Ay 3a RIGF6F &S 6WbAST:
acquired byi KS 9 dzNB LISy / 2 YYA & & A-angtiute foMPRoapgaiive WeShiadogiddlO K  / Sy
Studies JRAPT$for the year 2011, which sampled the Internet usage of 25,000 individuals (5000 from

each ofthe five largest European Union economdgsrance, Germany, Italy, Spain and United Kingdom)
continuously in real time over the entire year. The research has used a substantssraplte of 16,586

participants taken from the Nielsen database. The Nietta#a contains detailed information on the

time spent by thesurvey participants using their home computers to access websites. It classifies these
websites irvarious functional categories. It also contains economic and demographic information on the
respondents, including age, income, education agupation.

4.1 Occupational characteristics of the database

The occupation of the individual is impartt in the model for allowing fadifferential opportunity costs

of time across occupational categorieBhe reasoning here is that some occupations have the
advantage that time spent on the Internet may not be strictly a substitute for work ¢ithere could

be complementarities that vary with occug@nal type. The original unit record data allowed

partidpants to identify themselves in one of 18 occupational categories. However, several categories
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hadto be dropped because of lack of a sufficient number of sample-plaitats. For this and some
other minor data quality reason#¢ size of the sample hagen reduced from 25,000 to 16,586
respondents.

In the reduced sample,coupational categories are organized into three basic typa@spaid, paid
employment and sé-employed. Within these, there are 14 specific occupational categories that are
distingushed in the model.Table 4.1ists the categorisations and algives thedatabaseraw sample

sizes in each occupational categoBrobably the most obvious feature of Table 4.1 is the relatively

small number of representatives from education, sales pradessional 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
exceptonally 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 smalbgiop of selfemployed associated with

the French sample, and the equally small proportion of service workers relative to the other four
countries. On the other hand, ¢hrepresentation of managemergkecutive occupations in France is far

too high, makig 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 ow@&presentation of thé category from France. Finally,
sales occupations seem to be undepresented in Italy while students are owapresented.

Table 4.1 Number of survey participants in each category

Occupation France Germany lItaly 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
Clericaladministrative 368 518 825 463 379 2,553
Educationsector 192 61 182 121 . 556
Managementexecutive 658 101 91 131 383 1,364
Manualworker (operator/labourer) 176 288 285 198 226 1,173
Professional 59 37 116 70 303 585
Sales 88 115 56 144 228 631
Serviceworker 79 369 209 253 170 1,080
Technical 19 114 129 289 137 865
Other paidemployees 102 318 137 321 100 978
Selfemployed 104 232 521 292 324 1,473
All participants 3,007 3,134 3,744 3,375 3,326 16,586
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4.2 Imbalance of incomes across the database

Apart from sample cell numlog, dso relevant is the issue of the representativeness of participants in
terms of their position inlie income distribution. Table2ithrows some lighon balance from this

angle. This tablshows other features of the French imbalance, with an overserage income of

40,373 Euros compared to a crassuntry 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 regesentative of thepopulation. 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@uoss/ average of
31,584). The same is true for homemakers (39,259 compared to theaworfry 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 teeerse 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 acy oty

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

G2 02y OftdzRS GKIFIGXZ Ay (GKA& &l YLX ST GKS 200dzLd A2yl
higher quality occupation than it doés the other countries.

Table 4.2 Estimated average incom@¢cupationalcategory x country) (Euros in 2011)

Occupation France Germany Italy Spain UK All
Unpaid occupations
Homemaker 39,259 29,342 26,000 26,461 26,148 28,553
Retired 39,958 28735 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 37,0561 31555 31,315 37,057 33,661
Educationsector 44,742 34,230 38,794 37,413 . 40,047
Managementexecutive 54,178 49,634 60,082 53,450 47,009 52,152
Manualworker 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
Servicewnorker 29848 32,061 33502 30,717 31,844 31,829
Technical 38,640 41,763 36,209 36,467 43,883 38,794
Other paidemployees 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 30308 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 sghtegories of Internet usage. However, for catrpurposes 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 useategories are listed in Table 4.3 he table also recordise 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 graphsare ek 2 dzZ3 K 2WNABH I YRAYEIASE / dZNBSaA QP

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

explain household Internet behavin A downward sloping timeriented Engel Curveould be

OKI N} OGSNAaSR a | WaAyYyS ySoOSaariteqo CKIFG Aaz Al
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 activitiean be classified broadly into four groups of Internet
time usage types. The four kiypes are indicated in Figures 4,4.4. These should be referred to in
order to explairthe Figure references in Table 4.3

Table 4.3Internet time use categories @R (0 K S A NJ | 3L NISSYyQ YKl ALYE

Internet time use category Shape Comment
1: Automotive Downward sloping hyperbola See Figure 4
2: Computers and Consumer Electronics Downward sloping hyperbola  Similar to Figurd.1
3: Corporate Information Downwad sloping hyperbola  Flatter than Figurd.1
4: Education & Careers Downward sloping hyperbola  Similar to Figurd.1
5: Entertainment No obvious pattern See Figure .2
6: Family & Lifestyle Downward sloping hyperbola  Similar to Figurd.1
7: Finance Downward sloping hyperbola  Smilar to Figure 41
8: Government & Non-Profit Downward sloping hyperbola  Similar to Figure 4
9: Home & Fashion Downward sloping hyperbola  Similar to Figure 4
10: e-Commerce Downward sloping but fat See Figure .3
11: News & Information Downward sloping but fat Similar to Figurd.3
12: Search Engines, Portals, & No obvious pattern Similar to Figure .2
Communities
13: Special Occasions Almost flat See Figure .4
14: Telecom & Internet Services Downward sloping but fat Similar to Figurd.3
15: Travel Downward sloping hyperbola  Similar to Figure 4

Figure 4.1 shows a typical example of the predominant patterdownward sloping hyperbolic shape.
¢ KS W dzi2Y20A0SQ OF 0S32NE ble 4.3 stiziv§ fis gaRernisfaltodza G NI (G S
evident in most (eight) of the other time categori€s.

B All 25,000 observations are displayiedthe 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

Share-vs-Time Curve - 1: Automotive

6
Total Internet Time (hours per day)

Two Internet timeuse categories exhibit no obvious pattern with respect to time (see Fgrtor

illustration). It turns out that these are important categories because they represent most of a typical
K2dzaSK2f RQa LyYG&8RHSIINBYSK&AOBESSIA2NASE yIYSR Wwovyl
t2NIFE& FYR /2YYdyAGASEQD

Figure 4.2: Example of no obvious pattern, but likely hiding several upward slopes

Three Internet time use categories, all closely related to-telemmunications, while showing a
downward sloping tendency in share form, contain too dense a pattern ofplaitats to be well
represened by a curve without considerable further refment of the model (see Figure3}. 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 @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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