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Abstract 

This study uses survey data from 2003 to empirically assess United States residential demand for 
Internet access. Econometric results indicate that service reliability, speed, and the ability to share 
music and video files are highly valued Internet access attributes. The latter finding suggests 
commercial development of online file sharing services has potential to generate substantive 
network effects for access providers, hardware manufacturers, software and content providers. 
Legal and reimbursement issues need to be resolved between interested telecommunications parties 
and the entertainment industry to realize these gains in the future. 

1 Introduction  

Information technology (IT) and advanced communications are playing an increasing role 
in productivity growth, the creation of new network-based activities, and improving 
education and living standards.1 Between 1991 and 1998 the share of US communications 
service revenue in gross domestic product increased from 3.7 to 4.5 percent (US Census 
Bureau, 2003). One of the newest technologies, residential Internet access, has only been 
commercially available since 1994 but is used by about 60 percent of US households and 
generated annual revenue for access providers and Internet service providers (ISPs) of 
about $18.2 billion in 2002. By accelerating information diffusion and lowering transaction 
costs, efficient use of broadband Internet access allows households to generate potential 
consumer benefits in the range of $270 to $520 billion per year (Crandall and Jackson, 
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assistance. The usual disclaimer applies. 
1 See Bakos (2001), Borenstein and Saloner (2001), Jorgenson (2001), and Röller and Waverman (2001). 
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2002).2 Benefits arise from reduced transaction costs through e-commerce and 
telecommuting, cost savings from integrated communication service delivery, more readily 
available health care, and increased variety and quality of entertainment services. A 
conservative interpretation of these estimates implies broadband Internet may be as 
important as other core infrastructure such as highways, electricity, gas, mass transit, etc., but 
the realization of benefits is critically dependent on the rate of diffusion. 

Given its potential for improving societal welfare and the impact regulatory policy has 
on investment and the pace of diffusion, public policy on broadband technology has been 
one of the most debated aspects of US telecommunications. Both industry and government 
have discussed several supply-side initiatives that would increase the deployment of 
broadband infrastructure. These proposals include universal service provision (that is, 
subsidies for the diffusion of broadband technology), providing tax incentives to access 
providers to build out broadband networks, and changing current regulations so they are 
more symmetric across different technologies and carriers. The latter proposal would mean 
relaxing the requirement that forces incumbent local-exchange carriers (LECs) to share 
their networks with new entrants at regulated prices or cable TV operators to open up their 
networks to competitors.3 However, serious consideration and debate of these proposals 
requires, among other things, understanding of consumer preferences toward different 
Internet access services, willingness-to-pay (WTP) for service attributes, and potential 
revenues from the wider diffusion of broadband. Other than econometric studies of Internet 
access choice by Goolsbee (2002), Rappoport et al (2002), and Varian (2002), which 
estimate price elasticity’s of demand for different types of access, there is limited publicly 
available research examining consumer’s WTP for individual service attributes other than 
speed.4 

This study uses data obtained from a nationwide survey of residences during 2003 to 
empirically assess US demand for Internet access. Data from the cognitive build-up and 
demographic sections of the survey questionnaire are used to develop a demographic 
profile of current residential Internet access, use and prices. Stated preference (SP) data 
from a series of hypothetical choice questions are combined with data on respondent’s 
current service to estimate consumer preferences for Internet access attributes in a utility 
maximizing setting. SP data are particularly useful as they allow estimation of the WTP for 
individual Internet attributes such as always on, speed, reliability, ease of installation and 
sharing of files, and attribute bundles not currently traded in real markets. WTP estimates 

                                                 
2 Broadband Internet access is “always on” and up to 50 times faster than dial-up access. Users are not 
required to make a dial-up telephone call to connect to the Internet, and do not have to purchase an additional 
telephone or cable line for data transport between the home and the Internet backbone. 
3 Appropriate access pricing is critical for sustainable entry and competition. A low price may subsidize low 
cost entry by apportioning the sunk cost of network investment to incumbents, but act as a barrier to 
incumbent investment in enhancing network access and quality. In contrast, an inappropriately high price 
may lower expected returns to new entrants, inhibiting entry and competition. The 1996 Telecommunications 
Act requires LEC’s to unbundle telephone network elements into separate components, and make them 
available at regulated prices to new entrants. A more recent D.C. circuit decision eliminates the rules set out 
by the 1996 Act, but the FCC is appealing to the Supreme Court (FCC, 2004). 
4 Goolsbee (2000) uses survey data for about 100,000 consumers to estimate price elasticity’s of demand for 
cable Internet ranging from -2.8 to -3.5. Using a sample of 5,255 households, Rappoport et al (2002) 
estimate price elasticity’s for cable and DSL of –0.587 and –1.462, respectively. Varian (2002) uses data 
from the “Internet Demand Experiment” to estimate own-price elasticity’s of demand for bandwidth ranging 
from -1.3 to -3.1. Cross-price elasticities are generally positive and indicate that one-step lower bandwidths 
are perceived as substitutes for chosen bandwidth. 
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are used to investigate customer interest in broadband, explore where the “next wave” of 
subscribers is most likely to come from, and discuss several supply-side issues in the 
context of demand information gleamed from the survey.  

The study is organized as follows. Section 2 defines broadband Internet and compares 
early diffusion with previous communication technologies. Section 3 describes the survey 
instrument, sample and data used to analyze Internet demand, and provides a snapshot of 
current residential Internet access. Section 4 outlines an econometric approach for 
estimating consumer preferences. Section 5 presents estimates of WTP for Internet access 
attributes, and conclusions and policy implications are provided in Section 6. 

2 Background 

Before discussing the survey method and findings it is useful to define broadband Internet. 
Two common ways to obtain broadband Internet are with a cable modem provided by a 
cable-TV company, or a digital subscriber line (DSL) provided by a LEC, and signing up 
for a service plan at additional cost over traditional cable and telephone services. DSL uses 
copper telephone wires with a computer digital network to provide broadband Internet 
access without the need for a fiber optic transport line from the residence. Cable uses the 
traditional coaxial cable for transport to and from the residence. While recognizing there is 
variation in the bit rates used to define broadband, many analysts employ the FCC’s 
definition of 200 kbps in at least one direction, which is consistent with DSL and cable. 
For this study we define broadband as “high-speed”. This an automatic connection to the 
Internet that is faster than dial up, and is always on when the computer is on. 

Some historical perspective is gained by briefly comparing broadband Internet’s 
introductory period with dial-up Internet and previous communication technologies. The 
commercial dial-up industry was built upon an installed base of online subscribers served 
by companies such as CompuServe, who had been providing online entertainment, news, 
business and technology information since 1969. By 1993 the online market included 
players such as America Online and Prodigy, and served about three percent of 
households. Development of the world wide web in 1994 and the foray of online 
companies into dial-up Internet services saw dial-up/online penetration grow to 30 percent 
of households at 1997. Widespread adoption of email and flat-rate pricing plans below $30 
per month during 1996 through 1998 pushed penetration past 50 percent of households in 
1999. 

In a similar vein, the commercial broadband industry is leveraging market share from 
an installed base of dial-up subscribers. At 2003, about 62 percent of US households 
connected to the Internet, although a much smaller subset use a broadband connection. The 
BLS (2001) and FCC (2002a) indicate 10 to 15 percent of total US households subscribe to 
broadband Internet at June 2002, while Horrigan (2004) suggests 24 percent of adult 
Americans have broadband Internet at home at March 2004. Survey results in Section 3 of 
this study suggest about 18 percent of households have broadband at February 2003. 
Figure 1 compares US broadband penetration with other technologies in the first five years 
since introduction. Both telephones and color TV are barely visible, penetrating less than 
0.5 percent of households after five years. Recent technologies, cellular telephone, video 
cassette recorders (VCR) and direct broadcast satellite (DBS), have grown more rapidly 
and are in the two to 10 percent range after five years. This simple historical comparison 
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implies a reasonably quick broadband take-up rate despite the perceived, or real, absence 
of interesting content or applications that need broadband access speeds. At this stage, the 
cumulative effect of always on functionality and speed on improving application usability 
over the normal applications employed by a dial-up or broadband user may be sufficient to 
motivate reasonably fast broadband adoption. 
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Figure 1: Percent of US households with communication technology 

Source: FCC (2002a), Guice (2002). 

In contrast, a low penetration rate relative to Organization for Economic Cooperation 
and Development (OECD) member nations, and comparison of broadband to the 
spectacular growth of dial-up access in the late 1990s, could lead to an interpretation that 
broadband growth is lagging.5 This interpretation has been adopted by many industry 
groups lobbying government and regulatory agencies for subsidies and regulatory changes 
that will incent investment and enhance profitability. In particular, several LECs argue that 
the requirement they share their networks at prices below opportunity cost places them at a 
disadvantage to cable providers and inhibits investment, deployment and ultimately 
penetration.  

Whether penetration is supposedly “lagging” or progressing in a “reasonable and 
timely manner” is somewhat problematic and a complete analysis of this question is 
outside the scope of this paper. What is certain is that most of the policy debate has 
centered around supply-side issues such as infrastructure deployment and accessibility, 
subsidies, regulatory reform, competition and pricing, availability of content, and service 
provision of sufficient quality. If congress and policy makers are to effectively discuss 
initiatives intended to hasten penetration and associated welfare gains, they require 
understanding of consumer preferences, WTP for quality and content, and objective 
predictions of future demand. Empirical results may also prove useful for policy makers 

                                                 
5 At June 2002, the US ranked 6th among OECD countries with about six high-speed subscribers per 100 
inhabitants. South Korea was first with 19 subscribers per 100 inhabitants (OECD, 2003). 
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debating the “digital divide” and policies that promote access to the Internet, e-commerce, 
e-government, e-health and educational opportunities.6 

3 Survey, sample and data 

Empirical assessment of the current state of Internet demand is based on data obtained 
from a nationwide survey of US residences. The survey questionnaire is comprised of 
cognitive build-up, choice task and demographic sections. 

3.1 Cognitive build-up and choice task 
In the cognitive build-up section, respondents are asked 23 questions about their current 
access and use of IT, and they are provided with information to form preferences about the 
six Internet access attributes that are described in Table 1. Internet access is always on 
when no dialup is required for Internet connection, and respondents can use the Internet 
and place telephone calls at the same time. Speed describes the time it takes to receive and 
send information to and from the home computer. Cost is the fixed monthly price for 
access and unlimited usage. Ease of installation reflects the time, cost and complexity of 
ordering and installing a new Internet connection. Installation of Internet access service 
can be immediate, within one week, and within several weeks. Very reliable Internet 
access is never disrupted (that is, there are no service outages), however, with less reliable 
Internet access users may occasionally experience slower speed, outages that require 
customer support, and accounts may be transferred from one company to another. Sharing 
files allows users to locate, and legally share copyrighted movie and music files with all 
other Internet users, a limited number of users, or with no other users. 

In addition to informing them about attributes, cognitive build-up asks respondents to 
indicate the importance of each attribute on a five point scale ranging from “not important” 
to “extremely important”, and state the attribute levels of their current service. In the 
choice task section, eight choice occasions present a pair of Internet access options, A and 
B, that differ by six attributes, and respondents indicate their preferred choice.7 
Respondents then indicate whether they would switch to the service they had selected if 
they were already online, or if they would adopt the service selected if they were not (see 
Appendix A for a choice question example). The parameters of the representative 
household’s utility function – the marginal utilities of the six attributes – are estimated 
from observed decisions in the pair-wise choice questions. Finally, several questions are 
asked about respondent’s employment status, household size and wage rate to augment the 
range of existing demographic data held by the survey administrator. 

 
 
 
 
 

                                                 
6 Digital divide refers to the perceived gap in Internet access and use between high and low income 
households, educated and less educated populations, white and minority populations, and urban and rural 
areas. 
7 The overall survey design contains 64 choice occasions with eight different choice occasions assigned to 
eight versions of the survey. 
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Attribute Levels 
ALWAYS ON 1. Always on; 2. Not always on. 

 
SPEED 1. Very fast; 2. Fast; 3. Slow (same as dial-up). 

 
COST $10 to $85 per month. 

 
INSTALLATION 1. Immediately; 2. Within one week; 3. Within several weeks. 

 
RELIABLE 1. Very reliable; 2. Less reliable. 

 
SHARING FILES 1. With all other Internet users; 2. With a limited number of users;  3. 

There is no sharing of files. 

Table 1: Summary of Internet access service attributes 

3.2 Survey implementation and sample characteristics 
Prior to implementation, the survey questionnaire was pre-tested during May and July 
2002, and refined accordingly. Knowledge Networks Inc. administered the online survey 
to 800 panel members from January 24 to February 12, 2003.8 After closing the survey, 
575 completed questionnaires were obtained for a response rate of 72 percent and median 
completion time of 19 minutes. The sample population covers 46 states plus the District of 
Columbia, and 81 percent of respondents reside in a metropolitan location. Table 2 
compares selected sample characteristics with US Census Bureau (2003) and FCC (2002a) 
data and show that demographics and the presence of high-speed Internet service for the 
sample are fairly representative of US households. The typical respondent is a white, 47 
year old, with some college (no degree), who resides in a household with 1.8 other 
members. He or she was employed last month (at a location outside of the home), and has 
annual household income in the range $40,000 to $49,999. Ninety-six percent of sample 
households are located in a zip code where high-speed infrastructure has been deployed.9 
About 78 percent of sample households have at least one PC or laptop, and 62 percent 
connect to the Internet. The “typical Internet household” could access high-speed Internet 
from five different service providers, but has a dial-up connection which costs $16.67 per 
month. 
 

 
 
 
 
 

                                                 
8 Knowledge Networks Inc. survey a random sample of North Americans which includes households without 
computers and/or Internet access. Survey respondents are provided with a custom-designed WebTV device 
so that anyone with telephone access can be represented in their samples. 
9 Deployment is defined by geographical zip codes where service providers have reported providing high-
speed service to at least one customer (FCC, 2002a). 



Review of Network Economics   Vol.3, Issue 3 – September 2004 
 

234 

 
 
 
Characteristic Sample 

 
US 

White population (%) 78.3 75.1 
Average age (years) 47.0 35.3 
Some college education (%) 24.2 21.0 
Female (%) 52.9 50.9 
Average household size 2.83 2.59 
In labor force (%) 67.0 63.9 
Median household income ($) 40,000 – 49,9990 41,994 
Households located in zip codes where high-
speed infrastructure has been deployed (%) 

 
96 

 
90 

Table 2: Selected sample and population characteristics 
Note: US data are sourced from the US Census Bureau (2003) and FCC (2002a), respectively. Average age 

for the sample is for head of household, but US average age is for total population.  

3.3 Demographics and social disadvantage 
Table B1 through Table B4 in Appendix B present cross-tabulations between household 
income, race, age, education and type of Internet access for all respondents. Internet access 
is positively associated with income, and not surprisingly the income group with the most 
high-speed access is $100,000 or more. Internet access is consumed by at least 50 percent 
of the population across all racial groups, and a Chi-square test (χ2 = 7.014) indicates no 
relationship between race and type of Internet access. Prima facie, Internet access is 
negatively associated with household age, with “younger households” more likely to have 
Internet access. Further, 42.9 percent of households where the respondent is less than 25 
years of age, 26.7 percent of respondents aged from 25 to 34, 18.3 percent of respondents 
aged 35 to 44, and 19 percent of respondents aged 45 to 54, have high-speed access. 
Analysis of Internet access by level of education implies a positive association between 
access and education. High-speed access is relatively higher among respondents with 
college and graduate degrees.10  

Table 3 summarizes type of Internet access by various measures of socio-economic 
disadvantage. The percentage of respondents with no access is high for less educated (less 
than high-school education), senior (age greater than 65), and lower income groups 
(household income less than $20,000). High-speed Internet access is relatively low for 
senior, less-educated, and non-metro populations. Access to broadband infrastructure does 
not appear to be a large inhibitor to high-speed Internet access uptake for socially 
disadvantaged groups. According to FCC (2002b) data on high-speed Internet deployment, 
93 percent of disadvantaged respondents have access to high-speed Internet access. 
 

 

                                                 
10 Appendix C presents cross-tabulations between household income, education and Internet use. 
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Disadvantaged group 
 

 No access Dial-up High-speed 

High school education or less (n=88) 52.3 36.4 11.4 
Age greater than 65 (n=73) 58.9 32.9 8.2 
Income less than $20,000 (n=69) 52.2 33.3 14.5 
Non-white population (n=114) 39.5 42.1 18.4 
Women head of household (n=288) 33.3 51.7 14.9 
Non-metro location (n=100) 33.0 55.0 12.0 
All households (n=545) 38.3 44.0 17.6 

Table 3: Internet access by measures of socio-economic disadvantage 
Note: Cells are percent of respondents in the access category. 

3.4 Access and use of information technology and the Internet 
Table 4 presents a cross-tabulation of the number of computers in the home and type of 
Internet access for respondents with Internet access. High-speed Internet access is 
positively associated with the number of computers in the home. 34 percent of respondents 
with two computers have high-speed access, and 43.1 percent with two or more computers 
have high-speed access. 90.9 percent of respondents have at least one telephone line from 
the home, and 21.1 percent have a second line. The most frequently sited reason for a 
second line is “for dial-up Internet access – to free up the primary telephone line for voice 
calls” (47.7 percent of homes provide this reason), followed by “work-at-home/home 
business” (17.4 percent of homes provide this reason), and “family size/teenager(s) in the 
home” (16.5 percent of homes provide this reason). The average price paid per month for a 
second telephone line is $26.93. 

 
Personal computers No access 

(n=90) 
Dial-up 
(n=237) 

High-speed 
(n=95) 

One             (n=264) 28 59 14 
Two             (n=100) 15 51 34 
Three or more     (n=58) 3.4 53 43 
Chi-square test for independence of the variables         χ2(8) = 42.40a 

 

Table 4: Internet access by computers in the home 

Note: Cells are percent of respondents in the access category. a significant at the five percent level. 

About 44 percent of homes access the Internet with a dial-up connection, and 17.6 
percent of homes use a high-speed connection. 62.4 percent of high-speed users have a 
“very fast” connection. 68.1 percent of high-speed users access the Internet via cable 
modem, 29.8 percent use DSL, and 1.1 percent use fixed wireless and satellite, 
respectively. The most frequently sited reason for high-speed Internet access is “speed is 
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appropriate for my household’s needs” (31.9 percent of homes), followed by “to free up 
my telephone line for voice calls” (27.7 percent of homes), and “I like the always on 
connection” (19.1 percent of homes), and “I work at home and/or have a home business” 
(12.8 percent of homes). Table 5 shows the mean price per month for dial-up and high-
speed access, respectively, is $16.67 and $39.90.11 Mean prices for cable Internet, DSL, 
fixed wireless and satellite Internet are $37.70, $43.92, $49.95, and $47.00, respectively.12 
Interestingly, 73 survey respondents that have dial-up access and a second telephone line 
dedicated primarily to dial-up access pay an average price of $41.55 per month to simulate 
the broadband experience – that is, $19.14 for dial-up plus $22.41 for a second telephone 
line. Since 84.1 percent of these respondents are aware that at least one type of high-speed 
technology is available in their neighbourhood, “lack of access” does not explain their 
reluctance to subscribe to high-speed service at an average price of $39.90 per month. 
Switching costs, ineffective marketing and attributes other than speed and always on (such 
as reliability of service) may be inhibiting high-speed Internet uptake. 

 
Internet access Mean price per month 
Dial-up $16.67 
Dial-up + second line (for dial-up) $41.55 
High-speed $39.90 
   Cable $37.70 
   DSL $43.92 
   Fixed wireless $49.95 
   Satellite $47.00 

Table 5: Price of Internet access 

On average, 2.45 household members go online from home for a total of 17.84 hours 
per week. Comparison of means shows that high-speed users are significantly more active 
with 23.85 hours of online activity per week compared to dial-up users with 15.44 hours of 
online activity. A contrast test indicates a significant difference between mean online 
activity of dial-up and high-speed users (t = 3.357). Including home, school, work and 
other locations, high-speed users have been going online for 4.26 years compared to 3.82 
years for dial-up users. Average online experience for all Internet users is 3.95 years.  

Internet activity data are obtained by asking respondents “how often do you and other 
household members do each of the following activities: email and IM; use search engines 
or purchase products; play games or gamble; share music files or photos; banking, trading 
stocks, or bill payment; and download movies to view on the PC.” Table 6 reports “many 
times a week” responses and shows that email and IM, and search engines and product 
purchases are frequent activities for dial-up and high-speed users. High-speed users are 
more active than dial-up users. The percentage of high-speed users answering “many times 
a week” is higher for all Internet activities. High-speed users are three times more likely to 

                                                 
11 Since all sample households have access to telephone service, Table 5 effectively reports the incremental 
payment per month (beyond the price of telephone access) to obtain different types of Internet access. 
12 Sample prices closely correspond to 2002 prices provided by Warner et al (2003) of $41.25 for high-
speed, $38.93 for cable and $41.83 for DSL. Prices actually increased by about $3.30 per month from 2000 
to $2002, perhaps, due to lack of competition, and many LECS desire to raise short term revenues. Survey 
data here indicate that 25 percent of households aware of high-speed availability are served by a monopoly 
provider. 
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share music files and photos, and two times more likely to play games and gamble, bank, 
trade stocks, and pay bills many times a week than dial-up users. 

 
Activity Dial-up High-speed 
Email & instant messaging 68 90 
Search engines & purchase products  32 57 
Play games & gamble 23 42 
Share music file or photos 9 26 
Banking, trading stocks, or bill payment 13 25 
Download movies to view on PC 0 9 

Table 6: Frequency of Internet activity – “many times a week” 
Note: Cells are percent of respondents using the activity “many times a week.” 

3.5 Internet access attributes 
Respondents first consider their preferences for different attributes when answering the 
question “how important is (or would be) the attribute of Internet access to you.” Table 7 
shows the importance of Internet access attributes by respondent’s type of Internet access. 
Casual observation suggests speed, reliability, and always on functionality are very 
important to high-speed users. 89 percent of high-speed users rate speed and reliability as 
extremely or very important, and 74 percent rate always on as extremely or very important. 
Cost and reliability of service appear to be “important” for all respondents. However, cost 
is relatively more important to respondents with no access or dial-up access. Speed and 
installation are relatively more important to respondents with high-speed access. All 
respondents are somewhat indifferent about the importance of the sharing files attribute 
when they are not forced to trade off attributes. Eleven percent of respondents with no 
access, 12 percent of dial-up respondents, and 29 percent of high-speed respondents say 
that the ability to locate, and share copyrighted movie and music files with other Internet 
users is a very or extremely important Internet access attribute. 

 
 

Attribute No access Dial-up High-speed 
Always on 30 42 74 
Cost 58 70 50 
Speed 35 45 89 
Installation 23 39 64 
Reliability 46 67 89 
Sharing files 11 12 29 

Table 7: Importance of attributes by Internet access 
Note: Cells are percent of respondents who indicate attribute is “extremely important” or “very important.” 
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3.6 Summary 
In summary, data from the cognitive build-up and demographic sections of the survey 
show that about 18 percent of households have a high-speed connection. The mean price 
paid per month for dial-up and high-speed access, respectively, is $16.67 and $39.90. On 
average, high-speed and dial-up users have 4.26 and 3.82 years of online experience, 
respectively. Email, IM, search, and product purchases are very frequent activities for all 
Internet users, while high-speed users are more likely to share music files and photos, 
bank, trade stocks and pay bills “many times a week” than dial-up users. Table 7 shows 
that consumers consider speed, reliability of service, and always on to be extremely or very 
important access attributes. However, while informative, these latter responses say little 
about consumer preferences in a utility maximizing setting. In the next section an 
econometric model is developed from random utility theory to estimate more precise 
information on consumer preferences for Internet access attributes. 

4 Estimating consumer preferences 

4.1 Econometric model 
Theory indicates that respondents maximize their household’s utility of the access service 
option A or B (see Appendix B) conditional on all other consumption and time allocation 
decisions. A linear approximation to the household conditional utility function is: 
 
(1)  U* = β1ALWAYS ON + β2SPEED + β3COST + β4INSTALLATION 
                    + β5RELIABLE + β6SHARING FILES + ε 
 
where U* is utility, the β’s are parameters to be estimated and represent the marginal utility 
of attributes, and ε is a random disturbance. Table 1 implies that alternative attribute values 
have been coded so the expected signs for all β’s are negative. For instance, when slow 
service can be made faster, utility would increase by -β2 units. Since utility does not have 
an understandable metric, willingness-to-pay is employed to value changes in attributes in 
dollar terms. WTP for a one-unit decrease in SPEED (the discrete improvement from slow 
to fast) is the additional amount the service would have to be priced to make a consumer 
just indifferent between the old (cheaper but slow) service and the new (fast) service. The 
required change in cost to offset an increase of β3 in utility is, from equation (1): 
 

(2)  WTPSPEED = 
3

2
*

*

/
/

β
β

=
∂∂
∂∂

COSTU
SPEEDU  

 
The hypothetical utility of each service option U* is not revealed. What is known is which 
option has the highest utility. For instance, when a respondent chooses A over B and then 
the status quo (SQ) over A, it is assumed that *

AU  > *
BU  and *

SQU  > *
AU . For this kind of 

dichotomous choice data, a suitable method of estimation is maximum likelihood (that is, a 
form of bivariate probit) where the probability of the outcome for each respondent-choice 
occasion is written as a function of the data and the parameters. 
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4.2 Estimation method 
For easier explanation of the econometric method used to estimate the random utility 
model, let the utility for Internet access alternatives described by equation (1), including 
the SQ, be: 
 
(3)  ijijij k

ij
k
ij

k
ij xU εβ += ' , i = 1, …, n, j = 1, …, J, kij = 1, 2, 

 
where ijk

ijU is utility of alternative kij chosen by individual i during occasion j,                     
x′ = (ALWAYS ON, SPEED, COST, INSTALLATION, RELIABLE, SHARING FILES) 
is a vector of access attributes, β = (β1, β2, β3, β4, β5, β6)′ is a vector of marginal utilities, 
and ijk

ijε are disturbances in the evaluation of utility. Disturbances are assumed to be 
independent and identically distributed mean zero normal random variables, uncorrelated 
with xij and with constant variance 2

εσ .  
Individuals maximize utility at each choice occasion. For instance, the probability of 

choosing alternative 1 is: 
 

(4) 
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and similarly for alternative 2, where εσ2  is the standard deviation of 12

ijij εε − , and Φ is 
the univariate standard normal cumulative distribution function. The unit of observation is 
an i, j pair so that the likelihood is the product of the Jn probabilities like (4): 
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After choosing kij, individual households answer a question stating whether alternative kij 
would be chosen over the SQ. Let the SQ be indicated by 0. There are now four kinds of 
observations:13 
 

(6)  




=
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=
2or1overSQchoose1

SQover2or1choose0
Z2

ij  

 
Utility for the SQ is: 
(7)  000 ' iii xU εβ +=  
 
                                                 
13 When the SQ is chosen over 1 or 2, a complete ranking of the three alternatives has been determined. 
When 1 or 2 is chosen over the SQ, all that is known is that 1 or 2 is the most preferred alternative. 
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where x0 is a vector of attributes for the household’s current Internet access service, and 
0
iε are disturbances assumed to be independent and identically distributed mean zero 

normal random variables with variance 2
0σ , assumed uncorrelated with ijk

ijε . 
 The probability of choosing alternative kij over alternative 3 - kij, and then choosing 
alternative kij over the SQ ( 02 =ijZ ) is: 
 

(8) 

));/)(',2/)('(

))('),('(

),(

22
0

03
2

0033

03

ρσσβσβ

βεεβεε

εε +−−−−Φ=

−−<−−−<−=

>>=

−

−−

−

ijijij

ijijijijijij

ijijij

k
iji

k
ij

k
ij

k
iji

k
iji

k
ij

k
ij

k
ij

k
ij

ij
k
ij

k
ij

k
ijij

xxxx

xxxxP

UUUUPP

 

 

where 
)(2 22

0
2

2

εε

ε

σσσ

σ
ρ

+
= =

)(2 22
0 ε

ε

σσ

σ

+
 is the correlation between ijij k

ij
k

ij εε −−3 and 
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iji εε −0 ,  

and Φ2 is the standard bivariate normal distribution function. Similarly, for ( 2
ijZ = 1) the 

probability of choosing alternative kij over alternative 3 - kij, and then choosing the SQ 
over alternative kij is obtained by utilizing the symmetry of the normal distribution. 

For estimation, a normalization is required. Let 2/1=εσ . By defining 

2/12
0

22
0 +=+= σσσλ ε , equation (8) can be written as: 

 

(9) 
)2/1;/)('),('(

),(
03

2

03

λλββ −−−−−Φ=

>>=
−

−

ijijij

ijijij

k
ijj

k
ij

k
ij

ij
k
ij

k
ij

k
ijij

xxxx

UUUUPP
 

 
and similarly for 2

ijZ = 1.14  

Let )( p
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ij xxx −= , r, p = 0, 1. The probabilities of the four data types are: 
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The unit of observation is an i, j pair so that the likelihood is the product of the Jn 
probabilities: 
 

                                                 
14 Note when λ = 1, 2

0
2 σσ ε =  and the two questions (A versus B; A or B versus the SQ) have equal weight 

in the likelihood. When λ < 1, the second question contains more information as there is more variability in 
the errors for the first question ( 2

0
2 σσ ε > ), and conversely. 



Review of Network Economics   Vol.3, Issue 3 – September 2004 
 

241 

(11)  ),(),;,,|,...,1,,...,1,,( 2

1

1

1

02121
ij

J

j
ij

n

i
iijijijij ZZPxxxJjniZZL ∏∏

==

=== λβ  

5 Model results 

Marginal utilities and WTP were estimated from 523 respondents who answered all eight 
choice occasions and the follow up SQ question, and provided demographic data for 
number of years online (YRSON) and education level (EDUC). Since each pair of binary 
choices, A vs. B and A or B vs. SQ, for each choice occasion represents information on 
preferences, the sample size for econometric estimation is nJ = 4,184. Section 3 suggests 
consumers are not homogenous with respect to their preference for Internet speed. 
Similarly, Savage and Waldman (2003) develop a theoretical model of consumer choice 
that predicts Internet ability and education affect the demand for speed. Accordingly, the 
random utility model estimated below permits the marginal utility of SPEED to vary by 
years online (representing ability) and education through the interaction terms 
SPEED×YRSON and SPEED×EDUC. Table 1 indicates the coding of the categorical 
variable SHARING FILES is linear. We relax this assumption by using a pair of 
dichotomous variables, SHARE1 (= 1 when SHARING FILES = 3, otherwise SHARE1 = 
0) and SHARE2 (= 1 when SHARING FILES = 2, otherwise SHARE2 = 0), to allow the 
marginal utility of SHARING FILES to vary non-linearly. 

Maximum likelihood estimates are reported in Table 8. The estimate of lambda is about 
1.3, and the hypothesis that lambda equals one is rejected at the one percent level (t = 
5.998). This implies the error in the utility function for the SQ questions has larger 
variance than the error from the A-B questions.15 All marginal utility parameters have signs 
that are predicted by theory, and estimates for SPEED, COST, RELIABLE, SHARE1 and 
SHARE2 are statistically significant. Negative signs for these attributes imply that 
individual’s relative utility increases when: speed is increased; cost is decreased; access is 
improved from less reliable to very reliable; and respondents can legally share music and 
video files with other users. The most important attribute of Internet access is reliability of 
service with consumers willing to pay $18.54 per month for more reliable service. Speed is 
also important. A respondent with average online experience and education would be 
willing to pay $11.50 for an improvement in speed, and the marginal effect of an additional 
year of online experience translates to about $2.22 additional WTP. Estimates for 
SHARE1 and SHARE2 indicate that respondents are willing to pay $13.54 to move from 
sharing files with no one to sharing with all other Internet users, and $3.64 to move from 
sharing files with a limited number of users to sharing with all other users.  

The importance of reliability suggests consumers value an Internet access service they 
can count on being available whenever they want to use it, and any problems that do arise 
are immediately handled by good customer service. Any perception by consumers that 
there may be occasional disconnection, slower speed, bad customer service and/or the 
possibility of having their account transferred from one company to another, will lower 
household’s WTP for broadband Internet access. Many analysts argue that no “killer 
application” has been developed that justifies the cost of broadband when consumers 

                                                 
15 See Savage and Waldman (2004) for discussion about the cognitive implications of this finding and other 
findings concerning learning and fatigue in choice experiments. 
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primarily use the Internet for email, IM, and online shopping. Bandwidth intensive peer-to-
peer file sharing services such as Napster are an illegal example of an application with 
substantive network effects. Varian (2002) notes that at its peak in 2000, Napster had 64 
million users trading billions of MP3 encoded files a month. To download, store and listen 
to the file, consumers purchased CD burners and larger hard drives, and high-speed cable 
modems and DSL connections to get the songs in the first place. Results reported here 
show respondents value a legal “Napster style” service that allows them to share 
copyrighted movie and music files with other Internet users, and respondents are willing to 
pay more for a service that connects them to a larger network of users.16 
 

 Coefficient Std. error WTP 
ALWAYS ON -0.0002 0.0164 $0.01 
SPEED -0.0277 0.0431 $11.50 
SPEED×YRSON -0.0361a 0.0095 - 
SPEED×EDUC -0.0053 0.0065 - 
COST -0.0162a 0.0009 - 
INSTALLATION -0.0219 0.0159 $1.35 
RELIABLE -0.3011a 0.0220 $18.54 
SHARE1 -0.2199a 0.0366 $13.54 
SHARE2 -0.0592b 0.0345 $3.64 
λ  1.3139a 0.0523 - 

Table 8: Maximum likelihood estimates of marginal utilities 
Note: nj = 4,184. a significant at the five percent level. b significant at the ten percent level. The WTP for 

speed is $11.50 [=(0.0277+0.0361×YRSON+0.0053×EDUC)/.0162] when valued at the sample 
means of online experience (3.95) and education (3.05). 

Finally, WTP estimates can be compared with current prices to assess how the market 
can attract the “next wave” of broadband adopters. About 17 percent of sample households 
currently pay $16.67 per month for Internet access that is not always on, has slow speed 
and is less reliable, and are served by at least one high-speed provider. Model estimates 
suggest that if high-speed Internet providers could convince these households that their 
service is “50 percent more reliable” than dial-up, then they would be willing to pay 
$35.78 to $46.96 per month for broadband [that is, $16.67 + $0.01 + ($11.18 to $22.36) + 
(0.5 x $18.54) - $1.35].17 These price points place respondents close to the range of current 
market prices and imply broadband penetration of 34.6 percent of households with 
potential access revenue of $4.17 to $6.61 billion per year [that is, ($19.11 to $30.29) x 12 
x 18,180,160 households]. Excluding households with less than $40,000 from this scenario 
implies that 10.5 percent of households represent the next wave of broadband adopters. 
Here, potential broadband penetration is 27.7 percent and additional industry revenues are 
$2.57 to $4.07 billion per year [that is, ($19.11 to $30.29) x 12 x 11,189,430].  

                                                 
16 Several commercial online music services are in development that will cost $3.95 to $9.95 per month for 
subscription, about $1 per song for downloading and burning, with libraries ranging from 120,000 to 
325,000 selections (See www.Listen.com, www.Pressplay.com, www.Real.com, www.Apple.com). 
17 WTP for speed is $11.18 when valued at the sample means of online experience (3.82) and education 
(2.97) for dial-up users. 
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6 Conclusions and policy implications 

Recent estimates of the welfare gains from widespread diffusion of broadband Internet 
suggest the technology may become just as important to economic growth as other core 
infrastructure. Debate over the speed of deployment and uptake has typically focused on 
supply-side issues concerning the provision of access infrastructure with sufficient haste 
and quality, without much regard to consumer preferences for broadband. This study uses 
data obtained from a nationwide survey of US residences during 2003 to empirically assess 
US demand for Internet access. Demand estimates indicate that consumers value attributes 
other than speed and always on functionality, including reliability of service and the ability 
to access content by sharing files. There is a sizeable group of latent consumers, about 17 
percent of households, with slow speed and less reliable service willing to pay $36 to $47 
per month for broadband. Provision of adequate content, represented here by an online 
music and video sharing file service, has potential to substantially increase consumer’s 
WTP per month. 

WTP estimates suggest that penetration has potential to reach 35 percent of households 
in the near future when consumers are persuaded about the reliability of service, speed and 
availability of adequate content. Negative attitudes about reliability, including industry 
turbulence during 2001 and 2002 which left many consumers and household businesses 
disconnected, general distrust for incumbent LECs and cable operators, and speeds slower 
than advertised, must be addressed. Speed is particular important since it is essentially 
“response time” consumers desire when purchasing broadband. Speed may be permanently 
or occasionally slower when pre-qualifying distances for DSL from the home to the central 
office are less than actual distances, when the number of subscribers on a shared cable 
node is large, and when traffic on the Internet backbone approaches network capacity. 
Installation has implications for reliability. DSL providers have expressed desire for a 
convenient, low-cost installation, however, when convenience is traded off against poorer 
quality installation, reliability and customer retention can be affected in the long term. The 
Napster experience and model results reported here suggest strong consumer interest in 
legal online sharing of music and video files. Commercial development of these services 
has potential to generate substantive network effects for access providers, hardware 
manufacturers, software and content providers. However, legal and reimbursement issues 
need to be resolved between interested telecommunications parties and the entertainment 
industry to realize these gains in the future. 
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8 Appendix A: Choice question example 

In a series of questions below, we will ask you to choose between two Internet access 
options. If you currently have Internet access at home, we also ask if you would actually 
switch to the Internet access option you have chosen. If you do not currently have Internet 
access at home, we ask if you would actually adopt the Internet access you have chosen. 
 
Please choose between one of the two options for Internet access, labelled A and B. Each 
option is described by different levels of the five features. When you know which you 
prefer, check the box at the bottom of the column. For each question, even if you do not 
view either A or B as ideal, tell us which you would prefer. (To review a description of 
the features, please click on the feature name within the box). 
 
24. 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) 
 

 A B 
Always on Always on Not always on 
Speed Slow Fast 
Cost $25 per month $45 per month 
Installation Immediate Immediate 
Reliability Less reliable Very reliable 
Sharing files With a limited number of 

Internet users 
There is no sharing of files 

 
 

Mark X for the 
option you prefer -1 

I prefer option A -2 

I prefer option B 
 
 
25. If you currently have Internet access at home, consider the always on, speed, 
cost and reliability features of your service. Would you switch to the access option 
(A or B) you chose above? (mark one answer) 

-1 Yes  -2 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) 

-1 Yes  -2 No 
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9 Appendix B: Internet access and demographics 

Household income No access 
(n=209) 

Dial-up 
(n=240) 

High-speed 
(n=96) 

Less than $20,000  (n=69) 52.2 33.3 14.5 
$20,000 - $39,999  (n=156) 46.8 43.6 9.6 
$40,000 - $59,999  (n=137) 37.2 49.6 13.1 
$60,000 - $99,000  (n=131) 28.2 45.8 26.0 
$100,000 or more   (n=52) 23.1 40.4 36.5 
Chi-square test for independence of the variables         χ2(8) = 39.42a 

Table B1: Internet access by income 
Note: Cells are percent of respondents in the income category. a significant at the five percent level. 

Race No access 
(n=209) 

Dial-up 
(n=240) 

High-speed 
(n=96) 

Black            (n=40) 35.0 55.0 10.0 
Hispanic          (n=47) 46.8 29.8 23.4 
White            (n=431) 38.1 44.5 17.4 
Other            (n=27) 33.3 44.4 22.2 
Chi-square test for independence of the variables          χ2(6) = 7.014 

Table B2: Internet access by race 
Note: Cells are percent of respondents in the race category. 

Age No access 
(n=209) 

Dial-up 
(n=240) 

High-speed 
(n=96) 

Less than 25  (n=62) 23.8 27.3 10.9 
25 to 34      (n=45) 35.6 37.8 26.7 
35 to 44      (n=131) 36.6 45.0 18.3 
45 to 54      (n=137) 36.5 44.5 19.0 
55 to 64      (n=97) 42.3 48.5 9.3 
65 or more    (n=73) 58.9 32.9 8.2 
Chi-square test for independence of the variables        χ2(10) = 35.09a 

Table B3: Internet access by age 
Note: Cells are percent of respondents in the age category. a significant at the five percent level. 
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Education No access 
(n=209) 

Dial-up 
(n=240) 

High-speed 
(n=96) 

Less than high school   (n=88) 52.3 36.4 11.4 
High school          (n=133) 57.1 33.8 9.0 
Some college         (n=180) 31.1 49.4 19.4 
College             (n=93) 28.0 47.3 24.7 
Graduate degree      (n=51) 9.8 58.8 31.4 
Chi-square test for independence of the variables         χ2(8) = 56.91a 

Table B4: Internet access by education 
Note: Cells are percent of respondents in the education category. a significant at the five percent level. 

10 Appendix C: Internet use and demographics 

Household income 0 - 2 
(n=110)

3 – 5 
(n=119)

6 – 10 
(n=106)

11 - 20 
(n=97) 

> 20 
(n=103)

Less than $20,000  (n=68) 20.6 23.5 14.7 19.1 22.1 
$20,000 - $39,999  (n=151) 18.5 26.5 21.2 14.6 19.2 
$40,000 - $59,999  (n=135) 20.0 21.5 20.7 23.7 14.1 
$60,000 - $99,000  (n=129) 23.3 15.5 24.0 17.8 19.4 
$100,000 or more   (n=52) 21.2 26.9 9.6 13.5 28.8 
Chi-square test for independence of the variables              χ2(16) = 18.91 

Table C1: Hours of Internet use per week by income 
Note: Cells are percent of respondents in the income category. 

Education 0 - 2 
(n=110)

3 – 5 
(n=119)

6 – 10 
(n=106)

11 - 20 
(n=97) 

> 20 
(n=103)

Less than high school (n=84) 20.2 22.6 21.4 16.7 19.0 
High school       (n=129) 31.8 23.3 18.6 13.2 13.2 
Some college      (n=180) 15.0 17.8 21.7 21.7 23.9 
College            (n=91) 17.6 29.7 14.3 22.0 16.5 
Graduate degree     (n=51) 17.6 21.6 23.5 13.7 23.5 
Chi-square test for independence of the variables              χ2(16) = 27.14a 

Table C2: Hours of Internet use per week by education 
Note: Cells are percent of respondents in the education category. a significant at the five percent level.  


