
1

2

3
4

8

15

16

17

18

19

20

25
26
27

28
29
30

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Int. J. Ind. Organ. xxx (2008) xxx–xxx

INDOR-01798; No of Pages 10

Contents lists available at ScienceDirect

International Journal of Industrial Organization

j ourna l homepage: www.e lsev ie r.com/ locate /econbase

ARTICLE IN PRESS
Ability, location and household demand for Internet bandwidth

Scott James Savage a,⁎, Donald M. Waldman a,b

a Department of Economics, University of Colorado at Boulder, Colorado, 80309-0256, United States
b Center for Health Economics Research and Evaluation, University of Technology, Sydney, Australia
a r t i c l e i n f o
UN
C

⁎ Corresponding author.
E-mail address: scott.savage@colorado.edu (S.J. Sav

1

^
The digital divide describes the gap between p

information technology (IT) and those without, e.g
minority race or urban/rural geographical location.
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OThis paper examines consumer preferences for Internet bandwidth, focusing on technical ability
and urban/rural location as sources of preference heterogeneity. An economic model is outlined
that shows that ability decreases the effective price of bandwidth. As a result of this decrease, part
of the total effect of an increase in ability will always be an increase in the demand for bandwidth.
The implication is empirically investigated with an econometric approach that overcomes the
limitations of the aggregated data that is currently available to describe consumer preferences.
Results show thathigh-

^
ability, urbanconsumers arewilling to paya substantivemonthly premium

for an improvement in bandwidth relative to rural consumers.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The U.S. Telecommunications Act of 1996 encouraged the
“… reasonable and timely deployment of advanced telecom-
munications services to all Americans.” Recently, several
Federal and State subsidy programs have been promoting
high-

^
speed Internet access to health-

^
care providers, libraries,

and schools. Moreover, there has been some debate about
extending these to households to help close the “digital
divide.”1 However, much of this debate has taken place
without formal economic analysis of consumer preferences
for high-

^
speed Internet access. This study examines two

questions. What are household valuations for faster Internet
access, i.e., bandwidth, and how do valuations of bandwidth
vary with technical ability and urban versus rural location?
65
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age).
eople with access to
., rich/poor, majority/
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aldman, D.M., Ability,
ation (2008), doi:10.10
CTWe address these questions by presenting a simple theory
that considers a household's labor–

^
leisure choice along with

choices about the consumption of Internet bandwidth and time
spent at the computer online. Households combine their
technical ability, bandwidth, and timeonline toproduce savings
in the time required to do ordinary (but unpaid and necessary)
tasks. Improvements in ability reduce the effective price of
bandwidth and increase the demand for bandwidth. This
possibility is examined empirically by estimating U.S. demand
for Internet access. However, a problem with estimating U.S.
demand arises from the limited data available to describe
consumer preferences. Unlike regulated telephone markets,
there is no Federal agency that collects data on prices, products
and market sales. The discrete choice methods developed by
Berryet al. (1995) cannot be implemented as it is not possible to
identify the mean utility of a product without market share
data. Moreover, even if these data were available, there is
insufficient variation in product characteristics to identify
important marginal utility parameters of interest. For example,
Internet access service plans are typically structured so that the
“always on” feature is bundled with a high-

^
speed connection.
location and household demand for Internet bandwidth,
16/j.ijindorg.2008.06.001
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^
Prieger and Hu (2008) indirectly control for DSL quality with a variable

that measures the household's distance from the telephone company's

142
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We use an econometric approach that overcomes these
problems by combining household data, obtained from con-
sumer choices in both a real market and an experimental
setting, with a well-

^
specified discrete choice econometric

model to identify consumer preferences for bandwidth.
The demand for bandwidth is examined with data collected

by household survey. Respondents are presented with eight
choice scenarios, and in each scenario, must choose between a
pair of Internet access service alternatives that differ by five
product attributes. The information in these choices is enriched
with market data by having respondents indicate whether they
would staywith their current (actual) Internet service or switch
to the hypothetical service they had just selected. The
parameters of the representative individual's utility function,
and willingness-

^
to-
^
pay (WTP), are then estimated from the

observed choices. Results show that high-
^
ability, urban con-

sumers arewilling to paya substantivemonthly premium for an
improvement in bandwidth relative to rural consumers. Given
that rural locations have a smaller population, and all things
being equal, a lower base of high-

^
ability/high-

^
valuation custo-

mers, thisfinding suggests that thepotential for anurbanversus
rural digital divide in the U.S. may be somewhat overstated.

The paper is organized as follows. Section 2 reviews the
recent literature on determinants of the Internet digital
divide. Section 3 presents a simple theory of the demand for
Internet bandwidth. The data, choice experiment and survey
administration are described in Section 4. Section 5 outlines
the empirical model and econometric method used to
estimate consumer preferences for bandwidth. Empirical
results are presented in Section 6, and Section 7 concludes.

2. Review

Several studies have empirically examined the potential for
a digital divide in both the deployment and use of high-

^
bandwidth telecommunications infrastructure. Gabe and Abel
(2002) count the number of telephone lines in the U.S. with
integrated services digital network (ISDN) capability from 1996
to 2000. They find that ISDN is more prevalent in urban areas
and suggest that rural demand is insufficient to attract new
investments in advanced telecom infrastructure. Prieger (2003)
estimates a model that relates the decision by a broadband
carrier to enter geographic markets to expected demand, costs
and competition. Usingdata on broadband entry by zip

^
code for

2000, he finds little evidence of unequal broadband availability
based on income or on black or Hispanic concentration. He also
finds that availability is lower in rural locations, while market
size, education and commuting distance increase availability.2

Fairlie (2004) uses household data from the 2000 Current
Population Survey to examine racial differences in Internet
demand. He models the household's decision to purchase
Internet access as a function of race and other demographics.
Results show that racial differences in education, income and
occupation contribute substantially to the race divide in
residential access. Fairlie also finds a negative correlation
between rural location and Internet access and suggests this
may be due to relatively higher subscription prices. Using
U

2

^
Chen and Savage (2007) find that about one-third of Oregon's cable TV

franchises provided cable Internet access at 2006, and that cable Interne
provision was more likely in densely populated franchises.

central office.
4 The model disregards the monetary benefits from using bandwidth and

time online, and focuses solely on time savings. While more realistic, explicit
consideration of these benefits unnecessarily complicates the results
without changing key economic insights.
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Forrester's household data at 2001, Goldfarb and Prince (2007)
show thatwhile incomeand educationpositively correlatewith
Internet adoption, they negatively correlate with time online.
Theyargue thatwithfixed connection andnear-

^
zero usage fees,

low-
^
income people spend more time online due to their lower

opportunity costs of time. Prieger and Hu (2008) examine the
racial gap in Internet demand in 2000 by estimating the
probability that at least one household in the census block
subscribes to digital subscriber line (DSL) service. Results show
that race matters independently of income, education and
location, in the demand for DSL and that rural locations have
lower demand. They argue that the lack of price competition
may be creating some dimensions of the digital divide.

Chinn and Fairlie (2007) estimate Internet demand for 161
countries from 1999 to 2001. Their results suggest that the
Internet divide between countries ismainly due to differences in
income, telephone density and the propensity for market-

^
orientated regulatory policies. Curiously, they find a negative
correlation between urban population and Internet penetration,
which contrasts the results of Fairlie (2004) and Prieger and Hu
(2008). They argue that after controlling for telephone density,
the Internet substitutes for the benefits that accrue in an
urbanized environment. This result is consistentwith the “global
village” hypothesis of Forman et al. (2005) and implies that rural
residents may be willing to pay more for faster Internet access.

In summary, existing studies have typically used aggregate
data to estimate the effects of income, education, race, and
locationonbroadmeasuresof Internetpenetration.Noneof these
studies explicitly control for Internet prices and other quality
attributes.3 Furthermore, no study has used household-

^
level data

to examine how both the technical ability of users and their
urban/rural location affect the demand for faster Internet access.

3. Theoretical background

Most empirical specifications of demand recognize that
people have different tastes and control for preference hetero-
geneity with demographics and/or by estimating models with
random parameters (Crawford, 2000; Riordan et al., 2003;
Petrin andTrain, 2004; Beckert, 2005; Lee et al., 2006). Formany
goods, the treatmentof heterogeneity in estimation is clear, e.g.,
low-

^
income households have less taste for price. However,

preference heterogeneity for high-
^
technology goods is less

obvious and requires theory to guide the selection of demo-
graphics, their interactionswith product attributes, and to form
a priori expectations. We outline a simple theory of optimal
choice for the Internet access attribute, bandwidth. The model
explains why high-

^
ability consumers value bandwidth differ-

ently and suggests that demographic proxies for ability should
be included in empirical specifications of Internet demand.

The labor–
^
leisure choice model is extended to include the

benefits from using bandwidth (b) and time online (t) for
networking, playing games, watching movies, etc., and the
indirect benefits fromusing b and t for household production.4
location and household demand for Internet bandwidth,
16/j.ijindorg.2008.06.001

Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text: - 
Original_text:  
Original_text:  
Original_text:  
Original_text:  
Original_text:  
Original_text:  
Original_text:  
Original_text:  
http://dx.doi.org/10.1016/j.ijindorg.2008.06.001


182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203
204
205
206
207
208
209

210

213

214

215

216

217

218

219

220

221

222

223

224

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

245

246

247

248

249

250

251

252

253

Table 1 t1:1

Internet access price and attribute levels
t1:2

t1:3Price/attribute Levels

t1:4COST
^
(p) $10 to $85 per month (in multiples of $5)

t1:5ALWAYS ON
^

1. Always on 2. Not always on
t1:6INSTALL

^
1. Immediately 2. Within one week 3. Within several

weeks
t1:7RELIABLE

^
1. Very reliable 2. Less reliable

t1:8SPEED
^̂
(b) 1. Very fast 2. Fast 3. Slow (same as

dial
^
up)
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The consumer is assumed to maximize a utility function of
consumption (c), leisure (L), b and t, subject to monetary and
time constraints. The inputs b and t also produce reductions in
“essential time” defined as the non-

^
remunerated time lost

when participating in the labor market, plus time doing
fundamental living activities such as banking, bill-

^
paying,

maintaining health, shopping, etc. Essential time is represented
by the production function T−(h, b, t; a), where h is the number
of hours worked and a is an efficiency parameter that reflects
the technical ability of the household. T− is convex in b and t, and
b and t are complements in production so that increasing bwill
raise the marginal productivity of t. Similarly, a augments the
productivity of b and t, decreasing essential time for a given
input level. As such, the partial derivatives T−b, T

−
t, T
−
a, T
−
bt, T

−
ba, T

−
ta,

are negative, and the second partials T−bb, T
−
tt, are positive. Some

of the time costs of work may be fixed. Others, including
preparation, recovery, commuting and child care costs, may be
concave in the numberof hoursworked so that T−hN0 and T−hhb0
(Heim and Meyer, 2004).

The consumer's maximization problem is:

max
h;b;t

U c; L; b; tð Þ
s:t: c ¼ yþwh−pbb−ptt

L ¼ T−h−t−−T h; b; t; að Þ
ð1Þ

where U is utility, y is non-
^
wage income, w is the wage rate,

pb is the per
^
unit price of bandwidth pt is the per

^
unit price of

time online and T is total time available.5 Utility is concave in
c, L, b and t so that Uc, UL, Ub, UtN0 and Ucc, ULL, Ubb, Uttb0,
and the desirability of leisure increases with consumption so
UcLN0.

First-
^
order conditions with respect to the choice variables

h, b, and t are:

h : 0 ¼ Ucw−UL 1þ −Th

� �
b : 0 ¼ −Ucpb−UL

−Tb þ Ub

t : 0 ¼ Ucpt−UL 1þ −Tt

� �
þ Ut :

ð2Þ

The first condition in Eq. (2) equates the effective wage,
ŵ=w/(1+T−h),with themarginal rate of substitution of leisure for
 E 254

255

256

257

258

259

260

261

262

263

264

265

266
CO
RR

consumption, UL /Uc. Substituting UL /Uc=ŵ into the second
condition gives −

^
(pb−^

(Ub/Uc))/T
−
b=ŵ. This result shows that

the consumer chooses optimal bandwidth b⁎ by equating the
effective price of bandwidth per unit of time saved, p̂b=(pb−^

(Ub/
Uc))/T

−
b, with the effective wage. Substituting UL /Uc=ŵ into the

last conditiongives −
^
(pt−^

(Ut/Uc))/(1+T
−
t)=ŵ. This shows that the

consumer chooses optimal time spent online t⁎ by equating
the effective price of time online, p̂t=−^

(pt−^
(Ut/Uc))/(1+T

−
t), with

the effective wage.
The second condition in Eq. (2):

p̂b ¼ − pb− Ub=Ucð Þð Þ=−Tb ¼ ŵ ð3Þ
UN 267

5 In many countries, consumers pay a fixed fee per month for Internet
access and a usage fee per unit of time online. In the U.S., consumers
typically pay nothing for usage, although usage fees are charged when a
gigabyte threshold is reached in some markets. For e.g., see cable Internet
service plans provided by BendBroadband Oregon at http://www.bendcable.
com/residentialservices_08.cfm.
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provides useful information about the effects of technical ability
on the demand for Internet bandwidth, ∂b⁎ /∂a. All other things
being equal, an increase in ability, or “technical progress,”
permits the household to produce time savingsmore efficiently
through T−bb0, which lowers the effective price of bandwidth
p b. As a result of this price decrease, part of the total effect of an
increase in ability will always be an increase in the demand for
bandwidth so that ∂b⁎/∂aN0.6 Condition (3) also provides a
plausible explanation of how location affects demand. All other
things being equal, location should not affect Ub; rural and
urban households should obtain the same satisfaction from
using bandwidth for networking, gaming, watching video, etc.
However, because they would be required to travel longer
distances to physically participate in these activities, the
marginal time savings from Internet bandwidth through T̄b
are possibly larger for rural households, and they may have
stronger demand for faster Internet access than urban house-
holds. In contrast, when their marginal time savings are small,
rural demand may be relatively weak.

4. Data

4.1. Choice experiment

We examine the demand for bandwidth empirically with
data from a mail questionnaire employing repeated discrete
choice experiments. Respondents answer eight choice ques-
tions. In each choice occasion a pair of Internet access
alternatives is presented. The two alternatives differ by five
attributes. Respondents indicate their preference for choice
alternative 1 or 2. Table 1 describes the Internet access price
and quality attributes. COST (p) is the fixed monthly price for
Internet access with unlimited usage. Access is ALWAYS ON
when no dial up is required for Internet connection and
respondents can use the Internet and place telephone calls at
the same time. INSTALL reflects the time, cost, and complexity
of ordering and installing a new Internet connection.
Installation of an Internet service can be immediate, within
one week, or within several weeks. Very RELIABLE Internet
access is never disrupted, however, with less reliable Internet
access users may occasionally experience slower speed,
outages that require customer support, and their account
may be transferred from one company to another. SPEED (b) is
the time it takes to receive and send information to and from
the home computer.
6 This analysis does not consider the second-order “income effect”
contained in comparative static results. When the second-order effect runs
opposite to the effect described above, and has a relatively large magnitude,
it is possible that ∂b⁎ /∂a≤0.

location and household demand for Internet bandwidth,
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Table 2 t2:1

Sample demographics (percent)
t2:2

t2:3U.S. census Mail sample

t2:4Census region
t2:5Northeast 19.1 16.5
t2:6Midwest 22.9 34.6
t2:7South 35.6 33.6
t2:8West 22.4 15.2
t2:9Sample size –

^
381

t2:10

t2:11Age
t2:1218–

^
24 years 13.3 3.9

t2:1325–
^
34 years 18.1 15.0

t2:1435–
^
44 years 21.8 19.4

t2:1545–
^
54 years 18.9 23.9

t2:1655–
^
64 years 11.9 20.7

t2:1765 years and over 16.1 17.1
t2:18Sample size – 381
t2:19

t2:20Race
t2:21Black 11.9 4.4
t2:22White 83.2 91.2
t2:23Other 4.9 2.9
t2:24Sample size –

^
385

t2:25

t2:26Gender
t2:27Male 48.0 55.9
t2:28Female 52.0 44.1
t2:29Sample size –

^
392

t2:30

t2:31Education
t2:32Less than high school 15.8 4.6
t2:33High school 33.0 16.2
t2:34Some college 19.3 27.4
t2:35Associate degree 7.8 11.8
t2:36Bachelors degree and beyond 24.1 40.0
t2:37Sample size –

^
390

t2:38

t2:39Household income
t2:40Under $10,000 7.4 2.6
t2:41$10,000

^̂̂
–$24,999 18.4 8.3

t2:42$25,000–
^̂̂
$49,999 28.5 21.5

t2:43$50,000–
^̂̂
$74,999 20.0 29.7

t2:44$75,000 or more 25.7 38.3
t2:45Sample size –

^
312

t2:46

t2:47Years online
t2:48Fewer than one year n.a. 4.6
t2:49One to three years n.a. 19.3
t2:50Three to five years n.a. 23.9
t2:51More than five years n.a. 42.6
t2:52Never been online n.a. 9.6
t2:53Sample size –

^
394

t2:54

t2:55Employment status
t2:56In labor force 65.3 68.9
t2:57Not in labor force 34.7 31.1
t2:58Sample size –

^
351

t2:59
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In addition, the information in these choices is enrichedwith
marketdata byhaving respondents indicatewhether theywould
staywith their current (actual) Internet service, the “status quo,”
or switch to the hypothetical service they had just selected, or if
they would adopt the service selected if they did not already
have service. The parameters of the representative individual's
utility function are then estimated from the observed choices.

The experimental approach is useful because it exogenously
determines the attributes and prices of each Internet access
alternative offered and avoids collinearity problems by offering
non-

^
existing alternatives. For example, the values for the

always on and bandwidth attributes change independently in
hypothetical alternatives, as opposed to market data, where
they often move together perfectly. By asking eight choice
questions, we are able to generalize themodel by identifying an
additional variance parameter, increase parameter estimation
precision and reduce sampling costs by obtaining more
information on preferences for each respondent, and facilitate
the fitting of random random-parameters models.

Our hypothetical choice data are enriched with revealed-

^
preference information on each respondent's status quo
alternative, chosen in the market for Internet access. While
the use of market data in our experimental design helps
alleviate any biases in the hypothetical choice setting, it may
introduce an endogeneity problem concerning the positive
correlation between market price and quality attributes
observed by the consumer but not the econometrician
(Berry et al., 1995). We address this potential problem
empirically in Section 6.4.

The Internet access choice experiment was administered by
household survey questionnaire. The questionnaire begins with
23 questions about the respondent's current use of information
technology (IT). In this section respondents are provided with
information about the Internet access attributes described in
Table 1. This is followed by the choice task where each
respondent is presented with eight questions that describe a
pair of Internet access options, 1 and 2, that differ by the five
attributes.7 Respondents indicate their preferred choice. They
then indicatewhether theywould switch to the service they had
selected, or if they would adopt the service selected if they had
none. Appendix A displays a choice question example. Finally,
respondents are asked their age, employment status, household
size, education level, wage rate, gender, zip code and race.

4.2. Survey and data

The gross sample consisted of 1240 addresses. These
were randomly drawn from a database of households
collected from all U.S. white-

^
page telephone directories and

proprietary sources of non-
^
listed telephone households.

Advance postcards were mailed on September 3, 2002
informing households that they would receive a survey in
the mail in a few days and requesting their cooperation in
completing the survey. The initial package with question-
naire, a $2 bill as an incentive, and postage-

^
paid return
UN7 Measures developed by Zwerina et al. (1996) and Huber and Zwerina

(1996) generate an efficient non-linear optimal design. A fractional factorial
design created 64 paired descriptions of Internet service that were grouped
into eight sets of eight questions, and randomly distributed across
respondents.
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envelope was mailed on September 6. Of the 1240 surveys
sent out, 54 were undeliverable and four were deceased,
reducing the gross sample to 1182. By the end of October 397
complete questionnaires were obtained with a unit response
rate of 33.6

^
%. Of these 397 completed questionnaires, 357
t2:60Location
t2:61Urban 34.7 42.7
t2:62Rural 65.3 57.3
t2:63Sample size –

^
316

Notes: Years online is “years using the Internet to go online at home, school,
work, and other locations.” t2:64
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Table 3 t3:1

Descriptive statistics
t3:2

t3:3Mean S.D. Min Max

t3:4Full sample
t3:5EXP

^
3.29 1.02 1 5

t3:6EDUC
^

5.04 1.75 1 8
t3:7HS

^
0.22 0.41 0 1

t3:8n=357
t3:9

t3:10Urban sub
^
sample

t3:11EXP
^

3.30 1.00 1 5
t3:12EDUC

^
5.27 1.78 1 8

t3:13HS
^

0.27 0.44 0 1
t3:14n=135
t3:15

t3:16Rural sub
^
sample

t3:17EXP
^

3.36 0.96 1 5
t3:18EDUC

^
4.90 1.77 1 8

t3:19HS
^

0.17 0.38 0 1
t3:20n=181

Note. S.D. is standard deviation. Urban versus
^
rural samples are measured by

respondent's zip
^
code and the Census Bureau's “rural region” definition (i.e.,

respondent resides in a zip code with population density less than 1000
t3:21

9 We allow for correlation of errors for an individualwhen it comes to choices
involving the status quo. For the hypothetical choices, there is no question of
correlation since the effective errors that enter the likelihood are the difference
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respondents answered all eight Internet access choice
questions for an item response rate of 90%

^
. The median

completion time for each mail questionnaire was about
20 min.

A selection of sample demographics, along with similar
data from theU.S. Census Bureau (2003),

^̂
is presented inTable 2.

The sample covers 44 states. The typical respondent is a white,
50 year old male with either some college (no degree), who
resides in a household with 1.7 other members. He was
employed last month at a location outside of the home, and
has average annual household income $65,095. The sample is
similar to the U.S. population with respect to geographic
coverage, respondent's age, gender, employment status and
urban/rural location. However, the sample has a higher
percentage of both white and male respondents, and sample
respondents are more educated and wealthier than the
population.

4.3. Technical ability

We employ two indicators of technical ability in our
empirical analysis. The first indicator is specific to the Internet
task as it captures the relationship between Internet
experience and the productivity of the individual when
using the Internet. EXPi equals 1 when the number of years
the respondent has been using the Internet to go online at
home, school, work, and other locations is less than one year;
2 for one to three years; 3 for three to five years; and 4 for over
five years. The second indicator is more general in that it
captures the relationship between education (i.e., years of
schooling) and the productivity of the individual when using
the Internet. EDUCi equals 1 when the highest level of school
completed is eighth grade or less; equals 2 for some high
school; equals 3 for high school diploma or equivalent; equals
4 for some college, no degree; equals 5 for two-

^
year degree or

technical school; equals 6 for four-
^
year college degree; equals

7 for some graduate training, no degree; and equals 8 for
graduate degree.

There may also be other, unobservable indicators of ability,
such as family background, motivation and propensity to be an
early-

^
adopter of IT, as well as tastes for bandwidth that are not

measured in EXP
^
and EDUC

^
. We have information on these

indicators and tastes, in the formof the respondent's status quo
decision on the type of Internet access (i.e., no Internet access,
dial up or high-

^
speed) actually purchased for their home. This

decision was made in the past and hence is exogenous to the
choices of Internet access alternative 1 or 2 made in the choice
experiments.8 To control for unobservable indicators of ability
and tastes for bandwidth, we use HSi=1 if the household has
high-

^
speed Internet access and HS

^i
=0 if not.

Table 3 presents descriptive statistics for ability for the full
sample and for the urban and rural subsamples. The full-

^
sample mean value for EXP

^
of 3.29 corresponds approxi-

mately to three to five years Internet experience. The full-

^
sample mean value for EDUC

^
of 5.04 corresponds closely to a

two-
^
year or technical school degree. About 22

^
% of our full
U8 This is similar to the lagged dependent variable argument. The decision

to adopt high-speed access was made in the past, once. Now the respondent
is faced with a questionnaire, and the fact that she adopted high-speed
service in the past can be taken as pre-determined in our empirical model.
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OOsample have (actual) high-

^
speed Internet access in the home

at October, 2002 (27%
^
in urban areas and 17%

^
in rural areas).

5. Empirical model and econometric methodology

Our theoretical model shows that individual consumers
may have heterogeneous preferences toward bandwidth. For
the i-

^
th respondent facing the j-

^
th choice experiment, let the

empirical model of the conditional utility for Internet access
alternative 1 be:

U1
ij ¼ βVz z1ij þ βs þ aVi δð Þb1ij þ βpp

1
ij þ e1ij; ð4Þ

and similarly for alternative 2 (indicated by superscript),
where zij is a vector of quality attributes, ai is anm×1 vector of
indicators for an individual's technical ability (EXP

^i
, EDUC

^i
,

and HS
^i
), bij is bandwidth, pij is the price of Internet access,

and the elements of β and δ are preference parameters. For
notational simplicity define:

xij ¼
zij
bij
aibij
pij

0
BB@

1
CCA;β ¼

βz
βs
δ
βp

0
BB@

1
CCA; ð5Þ

so that Eq. (4) can be written

U1
ij ¼ βVx1ij þ e1ij: ð6Þ
The unobserved, random errors eij1 and eij

2 are assumed to be
independent and identically distributed, mean zero, normal

persons per square miles).
random variables, uncorrelated with the independent vari-
ables, with constant unknown variance σ 2.9 The parameters
in the two errors for any choice occasion, and the attribute sets are randomly
assigned to choice “A” or choice “B”. That is, the relevant distribution theory for
forming the likelihood is based on i1

1 – i1
2, for example (person i, first choice

occasion–see Eq. (6)). In addition, any additive systematic component of the
error is then eliminated. This is similar to the arguments of Heckman and Robb
(1985) in their evaluation of social interventions.
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10 Note also that the estimates of λ, i.e., the ratio of the standard deviation
of the errors in evaluating the status quo alternative to the errors in
evaluating the hypothetical alternatives, are large enough so that the null
hypothesis λ=1 is rejected at the one percent level (t-ratio of about 6). A
value of λ greater than one implies σ0

2 /σe
2N1, i.e., that the variance of the

error in evaluating the status quo is greater than the error in valuing a
hypothetical alternative. One explanation for this finding is that experience
with an actual Internet service is more multidimensional than is portrayed
by our set of attributes, while the hypothetical choice presented by the
survey instrument highlights the attributes in a cleaner manner.
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of interest, βs, βp and δ, determine WTP for bandwidth, and
indicate how price and technical ability affect the demand for
bandwidth. Specifically, WTP is implicitly defined here as the
amount the individual would be willing to pay for a one-

^
unit

increase in bandwidth, from bij to bij+1:

Ujb ¼ βVz zij þ βs þ aVi δð Þbij þ βppij

¼ βVz zVij þ βs þ aVi δ
� �

bij þ 1
� �þ βp pij−WTP

� � ¼ Ujbþ1

ð7Þ
which implies WTPb=(βs+ai′δ) /βp. This means that −

^
δ /β p

provides estimates of ∂WTPb /∂a, i.e., how WTP varies with
indicators of an individual's technical ability.

Utility for the (current) status quo Internet access service,
Ui
0 under the model assumption (Eq. (6)) is given by:

U0
i ¼ βVzz0i þ βs þ aVi δð Þbi þ βppi þ e0i ¼ βVx0i þ e0i ; ð8Þ

where ei
0 are disturbances and xi0 are the attributes of the

individual's current Internet access. The attributes of the
status quo vary over individuals, but not over choice
occasions, so it is assumed that the utility of the status quo
is evaluated only once by each individual (Ui

0 and ei
0 are

subscripted with i only). The ei
0 are assumed to be indepen-

dent, identically distributed normal random variables with
zero expectation uncorrelated with eij

1 and eij
2. Because the

question comparing the status quo with a hypothetical choice
is asked separately and for each choice occasion, it is possible
to econometrically identify the variance of these status quo
errors. This is an advantage of our survey design, as there is no
reason to assume these errors have the same variance as the
eij. We denote this variance by σ0

2.
As in any discrete choice model, a normalization is

required. Let σ e
2=1/2. Define λ2=σ0

2 /σ 2=2σ0
2. When λ=1,

σ 2=σ0
2 and the choice 1 versus choice 2 question and the

question comparing choice 1 or choice 2 to the status quo
have equal weight in the likelihood. When λb1 the question
relating to the status quo contains more information, as there
is more variability in the errors for the 1 versus 2 question
(σ 2Nσ0

2), and conversely.
The probability of choosing alternative 1 over alternative 2

and then choosing alternative 1 over the status quo is the
bivariate probability:

P U1
ijNU

2
ij ;U

1
ijNU

0
i

� �

¼ Φ2 −βV x2ij−x
1
ij

� �
; −βV x0i −x

1
ij

� �
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ λ2

� �
=2

r
;ρ

� �
ð9Þ

where ρ is the correlation between eij
2

^
−
^̂
eij
1 and ei

0

^
−
^̂
eij
1,

ρ ¼ σ2
effiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2σ2
e σ2

0 þ σ2
e

� �q ¼ σ effiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 σ2

0 þ σ2
e

� �q ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 1þ λ2
� �r

;

ð10Þ

and Φ2 is the standard bivariate normal cumulative distribu-
tion function. Similar expressions apply to choosing alter-
native 2 over alternative 1, and to choosing the status quo
over either alternative (see Savage and Waldman, 2008). The
likelihood is the product of probabilities like Eq. (9).

This analysis does not take into consideration the fact that
the formation of that part of the likelihood involving the
Please cite this article as: Savage, S.J., Waldman, D.M., Ability,
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comparison of the chosen alternative to the status quo involves
the error difference ei0^

−
^̂
eij
1 or ei0^

−
^̂
eij
2 (depending upon the choice),

and from choice occasion to choice occasion these error
differences are correlated. This correlation is induced by the
common occurrence of ei

0, since respondents evaluate their
utility of the status quo only once. This point is generallymissed
in other analyses of repeated choice experiments. Instead, we
treat the person, and not the person-

^
choice occasion, as the unit

of observation, so that wemay explicitly model this correlation.
This is difficult, as a multiple integration of the multinormal
density is required, and for eight choice occasions this would be
computationally intractable. Fortunately, as the correlation
between ei

0

^
−
^̂
eij
1 and ei

0

^
−
^̂
eij
2, for example, is a result of the common

occurrence of ei0,we can followa familiar conditioningargument
to express the probability of all eight choices of an individual as
the integral of the product of eight, independent bivariate
probabilities, integrated against the univariate normal density
(see Waldman, 1985; Savage and Waldman, 2008). The cost of
this generality is in programming and computer time, as the
likelihoodmust bemaximized by simulation orwithquadrature
methods. We used Hermite polynomial quadrature with 20
evaluation points (see Abramowitz and Stegun, 1964, p. 890).

6. Empirical results

The data from Section 4 are used to estimate U.S. Internet
demand. We estimate the marginal utility of Internet access
price and quality attributes, theWTP for improvements in these
attributes, and how the WTP for bandwidth varies with ability
and with urban/rural location. We also estimate λ, the ratio
of the standard deviation of the errors in evaluating the status
quo alternative to the errors in evaluating the hypothetical
alternatives.

6.1. Marginal utility, willingness-
^
to-

^
pay and ∂b⁎ /∂aN0

The first panel of Table 4 contains maximum likelihood
estimates of the model without the bandwidth-

^
experience

(SPEED
^
×EXP), bandwidth-

^
education (SPEED

^
×
^
EDUC), andband-

width-
^
high-

^
speed (SPEED

^
×HS) interactions. Except for INSTALL,

all marginal utility parameters have signs predicted by theory
and are statistically significant. Negative signs for these
attributes imply that an individual's relative utility increases
when Internet access is always on, price is decreased, access is
improved from less to very reliable, and speed (bandwidth) is
increased. Reliability and speed are important Internet access
attributes. Estimates from this parsimonious model show that
consumers arewilling to pay $15.25permonth formore reliable
service and $10.92 for an incremental improvement in speed.
Consumers are also willing to pay $5.70 for and Internet con-
nection that is always on.10
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Table 5 t5:1

Full Full-sample estimates of WTP for bandwidth
t5:2

t5:3Ability HS
^
=0 HS

^
=1

t5:4Low (L) $4.22 $20.53
t5:5Average (A) $7.83 $24.14
t5:6High (H) $11.44 $27.75

Notes: Low-
^
and high-

^
ability consumers are defined by the vectors αLi=

[EXP
^Li
, EDUC

^Li
], αHi=[EXP^Hi

, EDUC
^Hi

], where L
^
(H) indicates values of Internet

experience and education one one-standard deviation below (above) their
sample means. Average-

^
ability consumer is defined by the vector αAi=[EXPAi,

EDUCAi], where A indicates mean values of Internet experience and
education. HS

^
=0 indicates the household does not have actual high-

^
speed

Internet access. HS
^
=1 indicates the household has high-

^
speed Internet

access. t5:7
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The second panel of Table 4 reports maximum likelihood
estimates of the model including the observed bandwidth-

^
experience (SPEED

^
× EXP) and bandwidth-

^
education

(SPEED
^
×EDUC) interactions, as well as the control for an

unobservable indicator of ability, (SPEED
^
×HS). The esti-

mates for price and the quality attributes are close to those
reported in the first panel. Consumers are willing to pay
$15.52 per month for more reliable service and $5.63 for
always on functionality. The estimated coefficients on the
interactions indicate that the range of bandwidth valuations
for individuals with different abilities can be quite large.
For example, let us define low-

^
, average-

^
and high-

^̂
ability

consumers by the vectors αLi=[EXP^Li
, EDUC

^Li
], αHi=[EXP^Hi

,
EDUC

^Hi
] and αAi=[EXP^Ai

, EDUC
^Ai
], where the subscript L (H)

indicates values of Internet experience and education one
one-standard deviation below (above) their sample means,
and the subscript A indicates mean values of Internet
experience and education. Table 5 shows that when
evaluated at the mean values for EXP and EDUC, consumers
with no high-

^
speed Internet access to their home are willing

to pay $7.83 for an improvement in bandwidth while
consumers with high-

^
speed Internet access are willing

to pay $24.14. Moreover, an increase in ability, measured
by a one-

^
standard deviation increase in both experience

and education, translates into a $3.61 increase in WTP
for bandwidth per month. This finding is consistent with
∂
^
b⁎ /∂

^
aN0 from our theoretical model.
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Table 4
Maximum likelihood estimates of utility

Without ability With ability and
bandwidth/speed
interactions

Estimates WTP Estimates WTP

(t-
^
ratios) (t

^
-
^
ratios) (t

^
-
^
ratios) (t

^
-
^
ratios)

Attributes
ALWAYS ON

^
−
^
0.106 $5.70 −

^
0.105 $5.63

(5.20) a (1.87) (5.44) (1.87)
SPEED

^̂
(b) −

^
0.203 $10.92 0.062 $7.83/$24.14

(10.88) (1.89) (1.11) (1.05/1.56) b

COST
^
(p) −

^
0.019 n.a. −

^
0.019 n.a

(17.44) (17.07)
INSTALL

^
0.051 n.a. 0.059 n.a
(3.00) (3.74)

RELIABILITY −
^
0.284 $15.25 −

^
0.291 $15.52

(12.24) (1.86) (13.40) (1.78)

Interactions
SPEED

^̂
×EXP

^
−
^
0.033

(2.57)
SPEED

^̂
×EDUC

^
−
^
0.020

(2.63)
SPEED

^̂
×HS

^
−
^
0.306

(8.23)

Variance ratio
λ 1.529 c 1.693

(5.99) (6.74)
Mean Log-

^
L −

^
9.307 −

^
9.173

n=357, J=8.
a t-

^
ratios for coefficients of attributes are for tests of H0: β=0.

b WTP and t-ratio for HS=0/1.
c t-ratios for λ are for tests of H0: λ=1.
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F6.2. Urban versus rural location

To examine variation in bandwidth valuations by location,
we use zip zip-code data and the “rural region” definition
from the U.S. Census Bureau (i.e., respondent resides in a zip
code with population density less than 1000 persons per
square miles) to measure each respondent's urban/rural
location. Because some respondents did not provide zip zip-
code information in the survey, the sum of observations for
the urban (n=135) and rural (n=181) subsamples is less than
the full sample (n=357). The mean population density for the
urban sample is 3620 persons per square miles and the mean
population density for the rural sample is 278 persons per
square miles.

Maximum likelihood estimates of the model for the urban
and rural subsamples are reported in Table 6, in the columns
marked “Fixed βs.” Again, estimates for price and the quality
attributes are qualitatively similar to those reported for the
full sample in Table 4. Urban consumers are willing to pay
$19.04 per month for more reliable service, and $3.70 for an
always on connection. Rural consumers are willing to pay
$18.02 per month for more reliable service, and $7.76 for an
always on connection. Table 7 shows that urban consumers
with average ability and no high-

^
speed Internet access to

their home are willing to pay $8.09 for an improvement in
bandwidth while corresponding consumers with high-

^
speed

Internet access are willing to pay $25.45. Rural consumers
with average ability and no high-

^
speed Internet access to

their home are willing to pay $9.44 for an improvement in
bandwidth while corresponding consumers with high-

^
speed

Internet access are willing to pay $24.45. The effect of ability
on WTP for bandwidth is higher for urban consumers. An
increase in ability now translates into a $3.07 increase inWTP
for bandwidth per month for urban consumers compared to
$1.15 for rural consumers.11
11 Our WTP measures are reported the conventional way, in dollars and
cents, e.g. $25.45, although they are not so accurately estimated. The
relatively large standard errors on these estimates are due in part to the fact
that they are nonlinear combinations of parameters (in particular involving a
ratio of estimated coefficients), as in the discussion below Eq. (7). While we
can fairly accurately estimate the effects on the valuation of bandwidth in
the consumer's utility function, the complexity of the WTP calculation,
compounded by the need to approximate standard errors with the delta
method, necessarily means that WTP estimates will be imprecise.

location and household demand for Internet bandwidth,
16/j.ijindorg.2008.06.001
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Table 6t6:1

Urban and rural subsamples with and without a random bandwidth parameter
t6:2
t6:3 Urban Rural

t6:4 n=135 n=181

t6:5 Fixed βs Random βs Fixed βs Random βs

t6:6
^̂̂̂̂

Estimates WTP Estimates WTP Estimates WTP Estimates WTP

t6:7 (t-
^
ratios) a (t

^
-
^
ratios) b (t

^
-
^
ratios) (t

^
-
^
ratios) (t

^
-
^
ratios) (t

^
-
^
ratios) (t

^
-
^
ratios) (t

^
-
^
ratios)

t6:8 Attributes (β's)
t6:9 ALWAYS ON

^
−0.069 $3.70 −

^
0.106 $5.01 −

^
0.150 $7.76 −

^
0.224 $7.93

t6:10 (1.7
^
9) (1.09) (2.14) (0.54) (5.04) (1.43) (5.42) (0.78)

t6:11
^̂̂̂
SPEED (b) 0.023 $8.09/$25.45 0.224 $8.60/$28.80 −

^
0.106 $9.44/$24.45 −

^
0.227 $8.66/$25.05

t6:12 (0.41) (0.82/1.07) (1.19) (0.58/0.56) (1.12) (1.20/1.25) (1.32) (0.83/0.78)
t6:13 COST

^
(p) −

^
0.019 n. a. −

^
0.021 n. a. −

^
0.019 n. a. −

^
0.028 n. a.

t6:14 (10.43) (5.69) (12.16) (7.79)
t6:15 INSTALL

^
0.031 n. a. 0.043 n. a. 0.018 n. a. −

^
0.012 n. a.

t6:16 (1.18) (1.48) (0.88) (0.45)
t6:17 RELIABILITY −

^
0.355 $19.04 −

^
0.380 $17.41 −

^
0.34 7 $18.02 −

^
0.517 $18.32

t6:18 (8.73) (1.08) (5.11) (0.58) (10.38) (1.35) (8.38) (0.80)
t6:19

t6:20 Interactions (δ's)
t6:21 SPEED

^̂
×EXP

^
−
^
0.005 −

^
0.038 −

^
0.021 −

^
0.049

t6:22 (0.27) (0.80) (1.09) (1.13)
t6:23 SPEED

^̂
×EDUC

^
−
^
0.030 −

^
0.054 −

^
0.001 0.030

t6:24 (2.51) (2.07) (0.12) (1.34)
t6:25 SPEED

^̂
×HS

^
−
^
0.323 −

^
0.429 −

^
0.289 −

^
0.462

t6:26 (5.68) (3.94) (14.70) (4.03)
t6:27

t6:28
^
Random-parameter standard deviation

t6:29 σu 0.447 0.457
t6:30 (7.08) (7.81)
t6:31

t6:32 Variance ratio
t6:33 λ 1.498 1.875 1.487 2.034
t6:34 (13.02) c (1.76) (14.70) (3.15)
t6:35 Mean Log-

^
L −

^
9.177 −

^
10.165 −

^
9.072 −

^
9.981

a t-
^
ratios for coefficients of attributes are for tests of H0: β=0.t6:36

b WTP and t-
^
ratio for HS

^
=0/1.t6:37

c t-ratios for λ are for tests of H0: λ=1.t6:38
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6.3. A random random-parameters model

Anotherway tomodel the relationshipbetween themarginal
utility of bandwidth and ability is to write:

βsi ¼ δ0 þ δVai þ ui ð11Þ
where the βsi, i=1,…, n are the individual marginal utilities of
bandwidth, αi=[EDUC^i

, EXP
^i
, HS

^i
], δ0 and the elements of δ are

unknownparameters, andui is a randomdisturbancewithmean
zero and varianceσu

2, assumed to be uncorrelatedwith the e
^ij
's.12

Substituting Eq. (11) into Eq. (4) yields

U1
ij ¼ βVz z1ij þ δ0 þ δVai þ uið Þb1ij þ βpp

1
ij þ e1ij : ð12Þ

Operationally, this is a model with bandwidth (δ0), inter-
actions between the observed indicators of ability and
595

596

597

598

599
NCbandwidth (δ′ai), and a random parameter (ui) on bandwidth
itself. As a result of this specification, the estimated coefficient
on bandwidth now has a probability distribution, with mean
δ0+δ′ai and variance σu

2. The fixed parameter model is a
special case of this model, with σu

2=0.
U 600

601

602

12 To estimate the model by maximum likelihood we will assume that the
ui are normally distributed, although in reality the distribution of the u
must be bounded from below at –(δ0+δ′ai).
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Maximum likelihood estimates of this model are reported in
Table 6 in the columnsmarked “Random βs” for the urban and
rural subsamples. Household valuations for RELIABILITY and
ALWAYS ON are similar to those reported above, and are
similar between locations: urban consumers are willing to
pay $17.41 per month for more reliable service and $5.01 for
always on functionality; rural consumers are willing to pay
$18.32 per month for more reliable service and $7.93 for
always on functionality.

Focusing on the marginal utilities of bandwidth, βsi, we
first observe that the estimated standard deviation of the
bandwidth parameter, σu, is about 0.45 in both subsamples,
and it is accurately estimated, with a t-

^
statistic greater than

seven. Although the mean WTP is similar in both the fixed-
^and random-

^
parameter models, the magnitude of the

estimate of σu indicates considerable individual variation in
the valuation of bandwidth. The variation can be best seen by
scaling by the cost parameter estimate, that is, with respect to
WTP. For either the rural or urban subsamples, a one-

^
standard

deviation difference in the bandwidth parameter is associated
with a difference of approximately $16 in WTP.

The “Random Parameter” panel of Table 7 shows that urban
consumers with average ability and no high-

^
speed Internet

access to their home are now willing to pay $8.60 for an
improvement in bandwidth while corresponding consumers
location and household demand for Internet bandwidth,
16/j.ijindorg.2008.06.001
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Table 7t7:1

Urban and rural estimates of WTP for bandwidth
t7:2
t7:3 Fixed parameter Random parameter

t7:4 Urban Rural Urban Rural Urban Rural Urban Rural

t7:5 Ability HS
^
=0 HS

^
=1 HS

^
=0 HS

^
=1

t7:6 Low (L) $5.02 $8.29 $22.38 $23.30 $2.21 $8.88 $22.41 $25.27
t7:7 Average (A) $8.09 $9.44 $25.45 $24.45 $8.60 $8.66 $28.80 $25.05
t7:8 High (H) $11.16 $10.59 $28.52 $25.60 $14.99 $8.44 $35.19 $24.83

Notes: Low-
^
and high-

^
ability consumers are defined by the vectorsαLi=[EXP^Li

, EDUC
^Li
],αHi=[EXP^Hi

, EDUC
^Hi

], where L
^
(H) indicates values of Internet experience and

education one one-standard deviation below (above) their sample means. Average-
^
ability consumer is defined by the vector αAi=[EXP^Ai

, EDUC
^Ai
], where A

indicates mean values of Internet experience and education. HS
^
=0 indicates the household does not have actual high-

^
speed Internet access. HS

^
=1 indicates the

household has high-
^
speed Internet access.t7:9
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with access are willing to pay $28.80. Rural consumers with
average ability and no high-

^
speed Internet access to their home

arewilling topay $8.66 for an improvement in bandwidthwhile
the average consumer with access is willing to pay $25.05. The
effect of ability onWTP for bandwidth ismuchhigher for urban
consumers. The incremental increase in ability now translates
into a $6.39 increase in willingness-

^
to pay for bandwidth per

month for urban consumers, which is consistent with ∂b⁎ /
∂aN0. In contrast, the impact of an increase in ability for rural
consumers' WTP is relatively small and negative. These
marginal effects indicate, as highlighted in Table 7, that high-

^
ability, urban consumers are willing to pay a substantial
monthly premium for more bandwidth relative to high-

^
ability,

rural consumers.

6.4. Endogeneity of status quo price

Whenunobservedqualityandprice are positively correlated
in the status quo alternative, ei0 will not have constant mean
conditional on price and the estimated coefficient on price will
be biased toward zero. Because our experimental design
exposes different consumers to randomly assigned prices and
qualities, error differences are not correlated with prices. To
support this claim we investigate whether price for the status
quo alternative (i.e., PRICE) is correlated with the respondent's
propensity to select the status quo over the 1 or 2 alternative
(i.e., STATUS_QUO).13 All other things equal, a positive correla-
tion suggests the higher-

^
priced status quo alternative is chosen

with more frequency because price reflects some unobserved
quality that is valuable to the respondent. The correlation
between PRICE and STATUS_QUO is 0.070 and not statistically
significant for all respondents (n=359). When we exclude
respondentswhodonot pay for Internet service, the correlation
is −

^
0.053 and not significant (n=278).

6.5. Policy discussion

Our empirical results help shed light on some of the
commercial and public policies prevailing in the U.S. First, the
UN
C 678

679

680

681

682

683

13 PRICE is the price for the status quo alternative. STATUS_QUO is the
number of times this alternative was chosen over alternative 1 or 2 (this
variable has range 0 through 8). The mean and standard deviation for
STATUS_QUO for respondents that do not pay for home Internet service are
4.14 and 3.09, respectively. The mean and standard deviation for respondents
that do pay are 5.12 and 2.52, respectively. The mean and standard deviation
for PRICE for respondents that do pay are 15.55 and 16.68.
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estimated large differences in bandwidth valuations between
low-

^
and high-

^
ability urban consumers are consistent with

price variation in residential Internet plans. Internet access
providers typically provide two or more versions of high-

^
speed Internet access, with the monthly subscription price
increasing with the downstream speed to the home, and
consumers select into the appropriate version according to
their preferences. This pricing practice has the potential to
increase societal welfare when low-

^
valuation consumers,

who otherwise would not be served under uniform pricing,
are able to get high-

^
speed Internet access.

Our results also indicate that valuations of bandwidth for
rural consumers with average to high ability are relatively
low. This finding complements the empirical evidence from
Gabe and Abel (2002), Prieger (2003), and Chen and Savage
(2007), who show that limited supply of high-

^
speed Internet

access to rural areas. Rural locations have lower population,
and all things being equal, a lower base of high-

^
ability/high-

^̂
valuation customers. Although the cost of deploying
advanced telecommunications infrastructure can be lowered
with policies, such as investment allowances and matching
investments from local governments, often, demand is simply
not sufficient to justify the costly upgrades to local cable TV
and telephone networks. It is in these low-

^
population density

markets that we are much more likely to observe the satellite
provision of high-

^̂
speed Internet, a technology that is better

able to balance the relatively higher fixed costs of entry
against a potentially larger national subscriber base.

Finally we note that although the FCC has the authority to
add high-

^
speed Internet to the list of residential telecommu-

nications services supported under federal Universal Service
programs, thus far, it has not chosen to do so. Of course, this
could be due to, among other things, political considerations
and/or a lack of suitable funding mechanisms. However, this
decision may also recognize that the potential for a rural
Internet divide, as indicated by our demand-

^
side results, is

somewhat overstated. For example, our estimated valuations
of bandwidth suggest that most rural demand can be
adequately met by the market with dial

^
up and satellite

technologies, and also with public provision through libraries,
schools, etc.

7. Conclusions

This paper examined consumer preferences for Internet
bandwidth, focusing on technical ability and urban/rural
location as sources of preference heterogeneity. An economic
location and household demand for Internet bandwidth,
16/j.ijindorg.2008.06.001
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model is outlined that shows that ability enables more
efficient use of the Internet, and decreases the effective
price of bandwidth. As a result of this decrease, part of the
total effect of an increase in ability will always be an increase
in the demand for bandwidth. We investigated this implica-
tion empirically on experimental and market data obtained
from an Internet access choice survey.

It is important to account for indicators of technical ability,
such as family background, motivation and propensity for
early IT adoption, as well as tastes for bandwidth that are not
measured in conventional indicators such as education and
experience. By design, our choice experiment generated
information on these indicators, in the form of the respon-
dent's (status quo) decision on the type of Internet access
actually purchased for their home, and this information is
used in the estimation of the random utility model. We also
permit another source of unobserved heterogeneity in
consumer preferences for bandwidth by estimating a random
random-parameters model.

Our results show that, whereas the estimate of WTP for an
incremental improvement in bandwidth from the most
parsimonious model is a good measure of the welfare for
the average individual, we see from the model specifications
with bandwidth interactions that the range of estimates for
individuals with different abilities is quite large. In fact, urban
consumers with relatively high technical ability are willing to
pay a substantive monthly premium for an improvement in
bandwidth relative to rural consumers. In terms of public
policy, this finding suggests that the potential for a rural
digital divide in the U.S. may be somewhat overstated.
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Appendix A. Choice question example

Q1a. Check the Internet access option you would prefer
(even if you do not view either A or B as ideal, tell us which
you would most prefer):
813
Attribute
Please cite this article as: S
International Journal of Indu
A

avage, S.J., Waldm
strial Organization
B

814
Always on
 Always on
 Not always on
Speed
 CSlow
 Fast

Cost
 $25/month
 $45/month

Installation
 Immediate
 Immediate

Reliability
 NLess reliable
 Very reliable

Mark the option you prefer:
 ❏
 ❏
U

Q1b. If you currently have Internet access at home,
consider the always on, speed, cost and reliability features
an, D.M., Ability,
(2008), doi:10.10
CT
ED

PR
OO

F

of your service.Would you switch to the access option (A or B)
you chose above? (mark one answer)

❏ Yes ❏ No
If you do not currently have Internet access at home,

would you adopt the access option (A or B) you chose above?
(mark one answer)

❏ Yes ❏ No
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