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The swift adoption of the Internet by Americans in a little over a decade 

has few parallels in the world of technology. Access to the Web is now taken so 

much for granted that not having access is assumed to be a form of economic and 

social handicap. The debate on bringing Internet service provision under the 

umbrella of the Universal Service mechanism to bridge the “Digital Divide” has 

attained maturity, but not resolution.  The apparent reluctance of American 

households to transition to broadband – relative to comparable economies – is a 

growing cause for concern among policy makers and members of the business 

community. 

However, research into the determinants of Internet demand, and factors 

which inhibit or promote its supply and subsequent use, has been unsystematic 

and unstructured. No distinction is usually made between those who access the 

Net from home for a fee, and those who access it from outside of home for free. 
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This dissertation contributes to existing knowledge by (i) analyzing the decision 

to obtain basic Internet subscription at home in a strictly rational choice 

framework, with cost as a primary determinant, (ii) extending and modifying the 

analytical structure in order to study broadband demand, and (iii) squarely 

addressing the frequently overlooked topic of public access.  It uses hitherto 

unexploited data from multiple sources, including the Current Population Survey 

(CPS), the Pew Internet and American Life Project (PIALP), the Federal 

Communications Commission (FCC), and the National Center for Education 

Statistics (NCES).  The insights gleaned from the exercise should be of value to 

the scholar, the regulator and the industry insider trying to gauge the public’s taste 

for new technologies. 
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Chapter 1:  Overview 

BACKGROUND 

The swift adoption of the Internet by Americans in a little over a decade 

has few parallels in the world of technology. Access to the Web is now taken so 

much for granted that not having access is assumed to be a form of economic and 

social handicap. The debate on bringing Internet service provision under the 

umbrella of the Universal Service mechanism to bridge the “Digital Divide” has 

attained maturity, but not resolution.  The apparent reluctance of American 

households to transition to broadband – relative to comparable economies – is a 

growing cause for concern among policy makers and members of the business 

community.   

The debate on the digital divide ties into a broader policy question, viz. 

that of universal access.  At present, access to basic telephone service among U.S. 

households is close to a hundred percent.  This was not always so.  The 

Communications Act of 1934, which also set up provisions for the creation of the 

Federal Communications Commission (FCC), laid the groundwork for an 

extensive wire and radio communications network across the United States 

accessible at reasonable rates.  Though an exist an exact definition of “universal 

service” does not exist, the present availability of local, long-distance and 

emergency telephone-service to all but a few Americans has been the result of 

active Federal legislative and financial support.  As a result of this evolutionary 
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process, access to reasonable and reliable means of communication is at present 

taken almost to be a fundamental right.  

The emergence of the Internet has given rise to a new set of issues for 

regulatory and other public bodies, especially the FCC.  Strictly speaking, the 

Internet is not solely a channel of communication.  This was recognized as such in 

the Telecommunications Act of 1996 – the landmark update of the Act of 1934 – 

which tried to chalk out a clear distinction between the newer information 

services and more traditional telecommunications media.1  The delineation 

remains amorphous and one could argue for a policy of non-intervention. On the 

other hand, individuals having access to the Internet are assuredly better off in 

terms of information – some having pecuniary implications – than those without 

such access.  This may have distributional ramifications for society at large, and 

would call for not only a policy of intervention, but also one of active targeting.   

Attempting to draw exact policy parallels between the Internet and 

telephony would probably be neither appropriate nor fruitful.  The government 

may or may not have an important role to play in closing the digital divide, which 

may or may not have an adverse effect on society in the first place.  But one of the 

more interesting features of the debate is the fact that both the precedents and the 

antecedents of the issue of universal access to the Internet have not been 

examined systematically.  As pointed out in Gillett (1999), the principal 

component of the goal of universal access for traditional telephony was 

                                                 
1 This has financial implications.  If the information service providers were not under the umbrella 
of telecommunications, then they would not have to contribute to the Universal Service Fund.   
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infrastructural.2  In that light, since basic low-speed Internet service is simply an 

overlay network, there should be a strong congruence between the two sets of 

policies.  In other words, the policies which have by now ensured almost 

universal telephone service should also potentially guarantee universal internet 

service.  This potential has yet to be translated into reality.   

As mentioned before, universal availability of basic telephone service was 

achieved on the back of an intricate system of direct and indirect subsidization.  

Notable among the mechanisms are the Universal Service Fund, dial equipment 

minutes (DEM) weighting, Long Term Support (LTS), carrier common line 

charge (CCLC), and rate averaging. The net result was that basic rates for rural 

and other high-cost areas were – and still are – kept low.  That is, unlike in an 

open system, prices in these areas do not reflect the underlying costs.  Translating 

a similar set of instruments for emerging communications technologies, especially 

the Internet, would appear to be a natural extension.  The efficacy of such policies 

would, of course, be dependent on the sensitivity of Internet demand to the price 

of access and other related factors.  However, demand itself is hardly without 

ambiguity, since it can be split, at a very basic level, between that at home and 

that from outside of home.  From a policy standpoint, the delineating fact is 

whether one pays for the access or not.   

                                                 
2 Gillett, Sharon Eisner, “Universal Service: Defining the Policy Goal in the Age of the Internet.” 
1999.  http://itel.mit.edu:/itel/docs/MISC/Gillett_Universal.html, accessed 4/26/03. 
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SCOPE OF DISSERTATION 

This dissertation attempts to do the following: 

(i) establish a theoretical structure for estimating the magnitude of the 

digital divide for paid access to dialup and broadband service at home; 

(ii) using this structure, Identify the economic, social and demographic 

factors behind the divide, and ascertain their respective quantitative 

impacts on it; 

(iii) evaluate the role of price, that is measure households’ willingness to 

pay for dialup and broadband service; 

(iv) evaluate the efficacy of public (free) access in bridging the divide; 

 

and, 

 

(v) discuss policy approaches to increase Internet access. 

 

The topics chalked out above are designed to appeal to three sets of 

audiences.  This field of research, due to its relative newness, lacks a coherent 

analytical framework.  Thus, the theoretical structure sketched out in the 

succeeding chapters should be of interest to the researcher.  Second, accurate 

measures of the respective impacts of the different factors contributing to the 

digital divide can be made use of by the policy maker.  Lastly, the profiles of the 

consumers of Internet services, and a better assessment of their willingness to pay 



 5

for the same, should be of use to the providers of not only these services, but of 

other – existing and future – ones as well. 

 

 

STRUCTURE OF DISSERTATION 

The structure of the dissertation follows from direction from the inquiries 

outlined above.  The question of estimating demand for basic (dialup) Internet 

access by households is the entry point to this dissertation.  Chapter 2 sets up a 

theoretical structure for estimating the demand for paid dialup access.  Chapter 3 

extends this framework to broadband demand.  Chapter 4 considers the case of 

public, i.e. free, access – an issue which is generally not tackled in a rigorous 

manner in discussions on the digital divide.  A concluding chapter summarizes the 

major findings and discusses policy implications. 

 

Chapter 2: The Demand for Internet Access 

As already mentioned, there is at present hardly any systematic body of 

research into the drivers of basic Internet demand.  Several surveys3 have 

concluded that there are common factors like levels of income and education 

which seem to strongly influence access, but there exists no standardized structure 

for such analyses.  The separate effects of the individual factors explored have 

                                                 
3 See, for example, the Falling Through the Net and A Nation Online  reports published by the 
National Telecommunications and Information Administration for the years 1995, 1998, 1999, 
2000, 2002 and 2004.  Available at http://www.ntia.doc.gov/reports/anol/index.html.  Accessed on 
10/22/2005. 
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also not been quantified so far with any degree of robustness.4  Explanations for 

this vacuum include the relative newness of the field, and the absence of a 

commonly agreed upon framework for conducting research. Furthermore, from a 

policy perspective, people who access the Internet from home and from outside 

should be treated separately, though there might be some amount of overlap 

between the two groups.  The difference is over cost; home-users typically pay a 

monthly fee to Internet Service Providers (ISPs), while those who access the 

Internet from outside – at work, school, and public libraries – typically do not.  To 

the best knowledge of this researcher, such an explicit distinction has never been 

made in any analysis so far.   

This chapter attempts to investigate Internet-access by placing it in the 

context of the formal theory of consumer demand.  Its major departure from all 

published work is the systematic manner in which it incorporates price, and its 

over-arching goal is to estimate a general household demand function for basic 

Internet access.  To measure the price elasticity of demand, the level of analysis is 

done at the household level.  Among the other drivers of demand it considers are 

the generally accepted socio demographic factors, some which it finds to be 

highly significant.   

 

                                                 
4 All of these reports are descriptive, not analytical, in nature.  Though they map Internet 
penetration rates against different levels of income, education and other factors individually, the 
absence of the ceteris paribus condition reduces their practical worth.   
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Chapter 3: The Demand for Broadband Access 

Technological progress has arguably made obsolete the question of 

universal access through dialup, and the new benchmark is what is collectively 

known as broadband.  Since business operations and citizen-government 

interactions are increasingly done online and are greatly facilitated through 

broadband connections, a fuller understanding of the transition to broadband is 

important both for regulators and the business community.  Chapter 2 sets up a 

quality-choice framework which is extended in this chapter to include broadband.  

The covariates remain the same, but I find that they have differential impacts on 

the choice of service. 

 

Chapter 4: The Demand for Public Access 

Internet penetration among U.S. households has already crossed the 70 

percent mark.  However, in a highly networked society, those without online 

access may well suffer disproportionately more.  The question of equity also 

looms large at a time when government-citizen interactions are increasingly 

taking place in the cyberworld.  That is, the norms of democratic society dictate 

that no individual should find use of government services more difficult because 

he does not have access to a technology available to the majority of his fellow 

citizens.   

The fourth chapter of the dissertation addresses the issue of public access.  

However, since it sympathizes only with those who cannot afford home-access, it 

focuses only on free public access.  It does not consider, for example, wi-fi 
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hotspots, because though technically free in some places, the pre-requisite for 

harnessing these airwaves is possession of a laptop with a wireless card.  More 

specifically, the essay looks into access from public libraries on the grounds of 

practicality.  The United States has a unique and dense system of libraries whose 

services are freely available to the general public; the most important new service 

being offered is Internet access.  The essay finds that this service has so much 

potential, that it may well have been causing a change in the behavior of patrons 

since it began to be offered. 

 

Chapter 5: Policy Implications 

The entire dissertation moves along a continuum, from the demand for 

basic access, to that for broadband access, to that for public access.  The 

concluding chapter reiterates and summarizes the key findings and their 

respective policy implications of each of the preceding chapters.  It also attempts 

to draw lessons from the history of other telecommunications industries, most 

notably basic telephony, and speculates on regulation and competition in Internet 

service provision. 

 

SUMMING UP 

This dissertation evolved from a project for which I was the Research 

Assistant; it was a perfect example of being at the right place at the right time.  

Though researching the dynamics of a new and rapidly evolving field is exciting, 

it is also somewhat futile.  There is thrill in charting virgin territory, and despair 
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in assured obsolescence in the near future.  It is hard to believe that as a 

technology for the masses, the Internet is hardly a decade old.   

Even over the last 5 years, “the Internet” in the US has made a transition 

from being something people dialed up to, to being synonymous with broadband.  

This rapid evolution of technology, with increasingly steep expectations from the 

general public, poses a dilemma for the researcher.  By the time one has finished 

analyzing the present, the future has already become the present, and it does not 

resemble the present – more accurately, the past – a whole lot. 

The problem is compounded by the fact that not only has Internet 

technology been metamorphosing at a tremendous rate, the pace has been 

matched by developments in the telecommunications sector in general.  An 

undoubted boost to the adoption of broadband by individuals has been given by 

the sharp competition in the market for mobile telephones.  People with no 

landlines, but with mobile phones and broadband connections at home are no 

longer commented upon as “early adopters”.  A study on broadband would thus 

necessarily involve another on wireless communications.  Logically, this 

genealogical tree could be traced wider, were one to conscientiously attempt to 

include all such technological first and second cousins, twice or thrice removed. 

A dissertation is often compared to a baby.  Using a feminine analogy, the 

manufacturing processes involved certainly have close parallels – from seduction 

by a handsome idea to the long gestation period to finally delivering the bonny 

bundle of paper on the supervisor’s table.  However, I make no predictions about 

the future of my offspring.  This is a cautious and deliberate choice.  I believe the 
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technology is still at a nascent stage, and I skip soothsaying for fear of damage to 

my professional reputation.  This researcher doffs his hat to [allegedly] Yogi 

Berra in acknowledging that "It’s tough to make predictions, especially about the 

future." 

That is not so say that the entire exercise has been pointless.  If it were so, 

the profession of history would not exist.  A better understanding of the past and 

present is key to preparing for the future.  I take special pride in the practical 

worth of the dissertation to a wide audience.  Who is accessing the Net, where, 

and why, are questions as important to the policy maker as they are to the ISPs 

and online retailers.  Its academic value lies in the nature of its empirics; I believe 

they can be quite easily extended to new and emerging mass technologies around 

the world.  For example, the basic framework could easily be applied to, say, the 

personal computer market in India or the mobile phone market in South Africa.  I 

hope it lives up to this expectation.
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Chapter 2: The Demand for Internet Access 

 

ABSTRACT 
This chapter (i) sets up a discrete choice framework to analyze the 

determinants of Internet demand by households, (ii) estimates the quantitative 
impacts of these factors, and (iii) discusses the possible approaches to increasing 
Internet penetration using insight derived from this excercise.  Most socio-
demographic variables have the expected signs, and the influences of income and 
education seem to be particularly strong.  The substantial variation observed in 
access price may largely have a spatial explanation.  Our analysis also suggests 
that the simple subscription decision is only modestly sensitive to price, implying 
access subsidies for basic access are unlikely to be a highly effective tool in 
bridging the digital divide. 

 

INTRODUCTION 

The adoption of this new communications technology by American 

households in a little over a decade has been remarkably rapid.  Access by 

households to the Net (which we define as the availability of an active Internet 

service account within the household1) is now effectively taken for granted; not 

having access is increasingly viewed as a dimension of social and economic 

disadvantage. The fundamental questions are, whether it is the imperative of 

government to ensure universal Internet service in households, and if so, should 

that be achieved through subsidization schemes analogous to the ones operative 

historically for Plain Old Telephone Service (POTS)?     

                                                 
1 Which we distinguish from “use” by a household member, which occurs when a household 
member makes use of this connection, and “usage”, which describes the intensity and scope of 
information service use by a household member.  
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Far from being idle academic exercises, these questions tie directly into 

the current debate concerning the digital divide.  As pointed out in Gillett (1999), 

in light of the fact that basic, low speed Internet service is simply an overlay 

network on existing telephone infrastructure, there should theoretically be a 

strong congruence between the two sets of policies, those governing universal 

access of POTS, and those governing the Internet.  In other words, the policies 

which have ensured almost universal telephone service should also potentially be 

able to achieve similar results in the case of Internet service.   

But what if demand for the Internet is inelastic with respect to price and is 

principally driven by other factors?  A policy of subsidizing access price in that 

case would obviously not only be of little marginal value, but might actually 

divert resources away from more productive measures to stimulate Internet 

demand. Similarly, policies designed to eradicate the digital divide by expanding 

the supply of Internet infrastructure are unlikely to succeed if the divide is 

primarily the outcome of conscious consumer choices not responsive to the 

resulting lower prices. Indeed, survey data suggest that 20 percent of households 

do not have home Internet access simply because “[they] don’t want it”.2  

 

CHAPTER OBJECTIVES 

It should be clear from the above section that all discussions on reducing 

the digital divide at home through a policy of subsidization should be conditional 

on reasonably good estimates of the effects of such a policy.  Unfortunately, such 

                                                 
2 http://www.ntia.doc.gov/ntiahome/dn/html/Chapter8.htm.  Table 8.3.  Accessed on 03/15/05. 
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concrete quantitative information is sparse.  The accuracy of the numbers which 

are usually circulated and discussed should be regarded with caution because they 

rarely have sound theoretical foundations. This chapter is an attempt at measuring 

the strength of price vis-à-vis other factors on the demand for basic Internet 

service among American households.  Its objectives are as follows: 

(i) Establish a hierarchical discrete choice framework in which are 

embedded price, quality, and availability of Internet service in the 

nation.   

(ii) Using this framework, measure the respective impacts of economic 

and demographic factors on households’ demand for Internet access. 

(iii) Estimate the price elasticity of demand for Internet access in the same 

framework to explore the possible effect of government subsidies to 

increase home-penetration. 

 

DATA AVAILABILITY 

This chapter was made possible by the availability of two unique datasets, 

collected in the form of surveys of US households by the Pew Internet and 

American Life Project (PIALP).  The first of these – henceforth referred to as 

FALL2001 – was collected over the months of September to December 2001.  

The coverage period for the second (SPRING2002) was over three months – 

March to May – of 2002, but there were no data for April.  Both were random 

samples designed to reflect national propensities.  Of the two, the second sub-

sample, though smaller, was much denser in terms of non-missing values or data 
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points.3 FALL2001 and SPRING2002 had 53 and 35 variables respectively, 

including the area code variable extracted from ZipSearcher.   

Both datasets were combined with a geographical correspondence dataset 

available under the name of “ZipSearcher”.4  This was done principally to 

translate from counties, the smallest geographical definition units in the datasets, 

to telephone area codes, because of the low number of observations per county 

present in the original surveys.  Telephone area codes were thought to be both 

large enough to avoid this problem, but small enough to express geographical 

heterogeneity reasonably well.   

All questions in the surveys had “Don’t know” and “Refused” as possible 

alternatives, and a predictably large number of respondents exercised these 

options. Some 40.9 percent of those who did not provide the information 

regarding their incomes in SPRING2002 did not have access to the Internet at 

home, while the rest (59.1 percent) did have net access.  The corresponding 

division for the level of education was 34.4 percent and 65.6 percent.   

The principal variable of interest was HOMEACCESS, a dichotomous 

variable taking on the value of unity for a household purchasing Internet access 

                                                 
3  The level of observation was households, and 3553 were enumerated.  These were spread over 
2028 cities in 49 states, 1318 counties, 306 Metropolitan Statistical Areas (MSAs), and 227 area 
codes.  Of these 3553 households, 910 were designated rural, 1739 suburban, and 904 urban.  No 
data points were missing.  The first dataset (henceforth referred to as FALL2001) was bigger, 
covering 10707 households over 4922 cities, 50 states, 2025 counties, and 231 area codes.  But it 
was disappointing in terms of missing data.  For example it listed only 4849 data points 
accounting for 10 MSAs – the rest were empty.  Similarly, “states” had 3068 missing 
observations.   
4www.allstats.com/zip/main.html.  The new URL is http://www.zipsearcher.com (as accessed on 
08/20/04). 
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and zero otherwise.5  This was derived from another variable in the original 

datasets, MODEM, which asked the respondents what sort of connection they had 

at home.  HOMEACCESS was assigned the value of one for nonzero values of 

MODEM, consisting of all types of connections – dialup, DSL, cable, T1, 

ethernet, and wireless.  4344 people in the sample of 8136 (53.39 percent) in 

FALL2001 were found to have Internet connection at home.  For SPRING2002, 

this was 1628 out of 2755 (59.09 percent).6 

 

DETERMINANTS OF DEMAND 

The four “Falling Through the Net” reports by the National 

Telecommunications and Information Administration (NTIA, 1995, 1998, 1999, 

2000) together assemble the most comprehensive portrait of changes in Internet 

access and usage in the US.  All four of the reports, as well as the one published 

in 2002 (NTIA, 2002) highlight the correlations of a few factors with access – 

household income, the level of education, race, and age.  But the relationships are 

not simple and straightforward, and considerable interactive effects also seem to 

be present.  For example, it is not clear if the higher rates of access are more due 

to income, education, or the strong interaction among the two.  In addition, the 

reports also present a not insignificant amount of geographical variation in 

                                                 
5 This chapter differs from most contemporary research in the definition of Net-access, which 
usually considers access to the Internet from all possible sources.  This is so because the principal 
aim of the chapter is to estimate the price-elasticity of demand.  Stated this way, home-access is 
the only choice possible.  We hypothesize that the effects of the independent variables considered 
by us should be broadly in the same direction whether access-at-home or access-in-general were 
chosen, but the magnitudes of those effects might differ.   
6 See, for example, NTIA (2002). 
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connectivity among the households.  None of the reports are analytical in nature – 

nor are they meant to be – and their broad findings are supported by other 

research as well. 

Among the variables generally believed to drive Internet access, the 

primary one is invariably income.  This matches theoretical priors in the case of 

home subscribers because of the large capital investment (computer and modem) 

required.  But most surveys have found income to have a strong correlation not 

only with access-at-home, but access-at-large as well.  This is highlighted by all 

of the NTIA reports (NTIA, 1995, 1998, 1999, 2000, 2002), as well as by the 

GAO (1999), UCLA (2000) and Leigh and Atkinson (2001).  However, Novak 

and Hoffman (1998) make the interesting point that income by itself is not 

probably not the sole, overwhelming determinant of Internet access, since fully a 

quarter of households having average annual income above $75,000 do not have 

access.  The PIALP data seems to track these patterns.  Fig. 2.1 shows the income 

distributions for the people with and without access to the Internet at home (lower 

and upper row, respectively).  Income here is a categorical variable having eight 

classes, ranging from “less than $10,000/year” to “$100,000 or more/year”.  Very 

clearly, households with Net access at home tend to be richer.   
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Figure 2.1: Income 

Fall 2001 Spring 2002 

 

Current research also suggests education as another major factor affecting 

access to the Net.  All the NTIA publications find a strong correspondence 

between Net access and the level of education attained; the highest levels of 

penetration are found among the most educated.  For example, access was 

strikingly high – 81.8 percent – for those with a bachelor’s degree or higher level 

of education in 2001 (NTIA, 2002), up from 74.5 percent in 2000 (NTIA, 2000).   

Education also seems to be related to another anomaly frequently noted in 

charts used to support the notion of an income-based digital divide: the very 

lowest income category typically seems to have higher Net access rates than the 

next higher categories of income. For all but this lowest income level category, 

Net access seems to increase monotonically with income levels. Students with 

little income are typically hypothesized to be responsible for the low income 

“spike” in Net access rates. 
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One hypothesis is that the text-oriented bias of the Internet makes it less 

attractive to those with limited education.  People with higher levels of skill in 

navigating information technology – the highly educated – may also have a 

natural tendency to exploit those skills more.  Some amount of caution is 

advisable in assessing the independent effect of education on access, because of 

its strong correlation with income.  But if either of these two hypotheses holds, 

then the independent effect of education itself should significantly affect Net 

access.   

This is supported by NTIA (2002), which finds that less educated 

individuals in higher-income households are less likely to access the Net than 

highly educated people in low income households.  Fig. 2.2 shows the distribution 

of education for people having and not having access to the Net at home.  

Education is categorized into seven levels, starting from “None, or grades 1-8”, to 

“Post graduate training/professional school after college.”  The distribution does 

not seem to be as clear cut as the one for income, but a definite pattern is apparent 

nevertheless. Goldfarb (2005) analyzes other survey data and concludes that 

university attendance in the mid-1990s, in particular, was associated with an even 

larger impact on Internet use than higher education in other age cohorts.7 

 

 

 
                                                 
7 Goldfarb does not include a number of the covariates we used (Internet access price, for 
example, geographic fixed effects, and Hispanic ethnicity), however, in the analysis supporting 
this conclusion. 
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Figure 2.2: Education 

Fall 2001 Spring 2002 

 

Age would seem to be a third important factor affecting Internet 

subscription.  Because of the novelty of the new technology, and because of its 

association with the computer, younger people would presumably be more 

inclined to access the Net than older people.  The NTIA (2002) report finds peak 

usage between the ages 26 and 55, tapering off at both ends.   This pattern makes 

intuitive sense for usage, but perhaps not for access as well.  There is no a priori 

reason to assume that younger people would be more likely to pay for access at 

home than their older counterparts. But Fig. 2.3 (a), which captures the age 

distribution in the PIALP data, does indeed point towards that conclusion.  Fig. 

2.3 (b), which shows the box plots of the age distributions underscores two 

important facts: (a) that people with Net access at home tend to be younger, and; 

(b) that their age distribution also has less variance.  
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Figure 2.3: Age 

Fall 2001 Spring 2002 

(a) 

  

(b) 

  

 

The fourth factor, especially important from a policy standpoint, is race.  

All the abovementioned studies have found that race and ethnic origin matter – 

that Whites and Asians are much more likely to access the Net than Hispanics or 

African-Americans.  The underlying factor would intuitively appear to be income, 

but some researchers have found that race and ethnic origin, even controlling for 

income and other factors, have independent effects on access.  Leigh and 
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Atkinson (2001) report that race has a significant impact on access to technology, 

though they do not present the actual regression they run.  Though not analytical, 

the NTIA reports also paint a picture of persistent racial divides.  Hoffman and 

Novak (1998) mention running logistic regressions regarding computer access, 

presumably because computer ownership has to necessarily precede home access, 

and find race to be a significant indicator.  But since the models are not presented 

in any detail, evaluation of their work is a difficult task.   

Among other factors believed to affect access to the Internet, the most 

common ones are sex, and marital, employment and student status.  A brief 

summary of these variables as surveyed in the PIALP data, along with race, are 

presented in Table 2.1.  The variable HISPANIC is dichotomous, assuming the 

value of unity for a positive and zero for a negative response.  MALE, 

MARRIED, STUDENT, and EMPLOYED are all eponymous, and the latter two 

variables included both part-time and full-time status.  The variable RACE had 

four categories – White, Black, Asian, and “Other or mixed race” – apart from a 

fifth category of nonresponse which is not shown. Self-classification is used to 

answer all these questions. 

 

 

 

 



 22

Table 2.1: Demographics 

 

 

 

 

 

 

 

 

 

THE ROLE OF COST 

Theoretically, a price variable should be one the principal determinants in 

the analysis of demand for any consumer good or service.  In the current debate 

about providing universal access to the Net, an insight into how cost affects 

subscription decisions assumes special significance.  To the best of our 

knowledge, there has been only a single academic publication (Kridel, Rappoport, 

and Taylor, 1999), incorporating price explicitly into the analysis, using a 

standard logit model.  The probability of access to the Internet is modeled as a 

function of a number of economic and socio-demographic variables, as well as of 

the price paid for the service.  Obviously, since all the price observations for the 

non-subscribers have missing values, the estimation algorithm would not 

VARIABLE* FALL2001 SPRING2002 
HISPANIC 1 = 5778 

0 = 7558 
1 = 190 
0 = 2565 

MALE 1 = 3962 
0 = 4174 

1 = 1385 
0 = 1370 

RACE WHITE    = 6633 
BLACK    = 847 
ASIAN     = 84 
OTHERS = 400 

WHITE    = 2329 
BLACK   = 240 
ASIAN     = 62 
OTHERS =124 

MARRIED 1 = 4335 
0 = 3801 

1 = 1446 
0 = 1309 

EMPLOYED 1 = 5586 
0 = 2550 

1 = 1901 
0 = 854 

STUDENT 1 = 1115 
0 = 7021 

1 = 406 
0 = 2349 

*1=Yes 
  0=No 



 23

converge under normal circumstances.  The authors get around this problem by 

imputing statewide average prices for access to households not choosing to 

connect to the Internet. They then use their model results to simulate price 

elasticities at assumed (universal) service prices of $9.95, $14.95, and $19.95 

(rather than actual observed prices).  Demand for the Internet is found to be 

inelastic to price. 

Yet other studies have revealed that a significant proportion of 

respondents cite “cost” as one of the principal reasons for not subscribing to the 

Internet.  The UCLA Internet Report (2000) shows that 9.1 percent of respondents 

think subscription is too expensive, while 37.7 percent report the non-availability 

of computers.  The NTIA report of 1999 shows that 16.8 percent of respondents 

find cost to be prohibitively high, among which 9.7 percent cite the monthly 

service charge to be the major component.  The figures are similar for 2000 as 

well. 

More recently, a May 2002 survey by the Pew Internet & American Life 

Project found that, among non-Internet users, 30 percent cited the Internet being 

too expensive (without differentiating between cost of a computer and monthly 

access costs) as a major reason why they were not online.  For nonusers who had 

once been Internet users, only five percent said that monthly access fees were too 

high, while the plurality (19 percent) said they had no longer had, or had access 

to, a computer (Lenhart, 2003).  In general, price of access itself appears to be a 

barrier for a relatively small segment of the population.  In that case, untargeted 
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price subsidies would most probably have little effect in increasing the rate of 

penetration of the Internet in the country. 

Access to the Internet involves one major capital investment, viz. the 

purchase of a computer with a modem, as well as recurring costs in the form of 

fees paid monthly to the Internet Service Providers (ISPs).  One puzzling finding 

of the UCLA (2000) report is that though “cost” seems to be a major barrier to 

subscription, these two components of cost individually do not seem to matter 

much.  Regarding computer ownership, most respondents cite reasons other than 

cost for not having one at home.  16.8 percent of households even say that their 

decision to not purchase a computer would not be affected by any amount of 

lowering of the price.  On the other hand, as mentioned above, monthly service 

charges do not appear to be a major barrier either.  One explanation of this 

anomaly might be that because of the relatively new nature of the technology, 

popular preference patterns are still relatively fluid.  In other words, the Internet is 

not yet regarded as a necessity, either as a tool, or for entertainment.  Hence, there 

is considerable flexibility over access regarding the “appropriate” price. 

An insight into this phenomenon may be obtained by examining two 

historical perspectives on technology diffusion in general.  Leigh and Atkinson 

(2001) point out that though the talk now is about the “digital” divide, there was a 

time when society was divided along the lines of ownership of television sets, and 

before that, telephones.  They trace the adoption of telephones, radios, television 

and VCRs by American households, and highlight the fact that the erstwhile 

“divides” associated with each of these disappeared spontaneously, without any 



 25

active external intervention.  Schement (2001) offers a view of the diffusion of 

information technology that brings the role of infrastructure into the equation.  He 

notes that information technologies that require a one-time purchase, such as the 

radio and the VCR, have steadily increasing diffusion curves.  The telephone, by 

contrast, which requires a robust infrastructure and a monthly payment, diffused 

unevenly. Telephone penetration fell during the Great Depression, in contrast to 

the radio, which Americans kept purchasing during the 1930s despite economic 

hard times.  He argues that the Internet, at least among poorer segments of the 

population, is likely to diffuse unevenly, with some poor households foregoing 

the Internet during economic downturns. 

We believe that perhaps a more appropriate analogy be the automobile, 

albeit on a different scale.  Like cars, the Internet requires a relatively large capital 

investment (a computer with a modem) along with recurring payments at regular 

intervals (fees paid to service providers, analogous to gasoline purchases).  Like 

cars, it has both utilitarian and recreational values, but it may be argued that the 

former outweighs the latter, which may make it more attractive to the more 

educated segment of the population.  It is often said that the television has large 

educational benefits, but it is doubtful whether people buy TV sets to educate 

themselves. 

It is interesting to note that while radio and television have a hundred 

percent penetration rates among American households, the telephone has not yet 

reached that level;8 the telephone, it should noted, is not generally considered a 

                                                 
8 Leigh and Atkinson (2001). 
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source of entertainment so much as one of utility.  The above analogy may imply 

that the importance of the Internet is not yet obvious to a large part of the 

population.  Simple and straightforward financial schemes devised by 

government, such as direct subsidies to those without access, may not produce the 

desired vision of an entire nation online. 

 

IMPACT OF PRICE ON INTERNET SUBSCRIPTION 

The costs of owning a computer clearly can be an element of internet 

access price. We are unaware of any serious study of regional differences in the 

purchase price of computers, but believe these are likely to be minimal. (National 

computer and electronic retail store chains, national office supply retail store 

chains, and internet computer vendors, in our experience, establish de facto 

competitive “national” prices.) We therefore take computer price to be 

approximately constant across regions, and it is therefore subsumed into the 

constant term of any statistical analysis.9 

Internet service price presents a more complex picture. Data show 

substantial diversity across regions in minimum and mean monthly expenditures 

                                                 
9  Differences in sales tax rates across regions clearly create some geographic variation, which 
will be nontrivial for expensive durable goods like computers. Such differences may possibly be 
exploitable in analyzing the role of computer price in access cost, but this is not pursued in this 
chapter.  If computers are owned by a consumer independently of internet use (i.e., the consumer 
already owns a computer, or would have purchased a computer anyway had internet access not 
been available), the cost of acquiring the computer clearly should not be considered an element of 
internet access cost, since only the marginal cost of adding an internet service provider would be 
relevant to the decision to pay for access. In this case too, the element of internet access cost 
added by the computer (zero) is constant across geographic regions. 



 27

on dialup Internet services. Low minimum price generally seems to be correlated 

with low mean price (Fig. 2.4) 

 

Figure 2.4: Min-Mean Price Scatterplot 

Fall 2001 Spring 2002 

  

 

How can we explain the large variations observed both within, and 

between, regions? To begin, we observe that it is certainly possible that 

significant interregional differences in Internet pricing exist. However, this is at 

least partially contradicted by availability of “national” Internet service plans 

(AOL, Earthlink, Yahoo, etc.) at homogeneous national prices. These “national” 

services in fact account for the bulk of the market. 

Information costs, and differences among individual consumers in the 

costs of searching for lower priced service, could in principle explain the diversity 

in observed service price found within a region. Such search costs seem an 
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unlikely explanation of interregional differences in service costs, however, unless 

search costs or consumer knowledge vary greatly and systematically across 

regions. This is unlikely to be true. 

Quality differences may be an important and poorly measured factor in 

explaining variation in monthly internet service expenditure. “Cut-rate” discount 

plans are often available in major urban areas, some provided by local “mom-and-

pop” ISPs. These cheaper service plans may be inferior to national plans when 

selected quality characteristics are measured. Dialup busy signals, 

quality/reliability of connection, outages, [more recently] high speed download 

option availability, number of mailboxes offered, web page space, disk storage, 

availability while traveling, spam filters, instant messaging capabilities, etc. There 

clearly are a diverse set of quality-related characteristics, and there is some 

evidence that consumers are aware of them, shop around, and switch plans over 

time.10 

While there appears to be considerable diversity across regions in the 

availability of lower quality but cheaper dialup services, “premium” dialup plans 

accessed through 1-800 toll-free numbers are available nationally, at price points 

that are marketed and sold on a countrywide basis.11 Thus, national dialup service 

plans are pretty much available across all regions at a uniform price. The 
                                                 
10  Shane Greenstein, “Contract Pricing for Dial-Up Internet Access,” unpublished paper, 
February 14, 2001, p. 8, comments that frequent turnover of users among ISPs was common when 
he surveyed ISP contact pricing in 1998. Recent press accounts also highlight high turnover rates 
among ISPs; see for example, Alex Goldman, “Data Shows Independent ISPs Have Low Churn,” 
available at http://www.isp-planet.com/research/2004/esaya_churn_data_q12004.html. 
11  Clearly, the reason toll-free 800 access service plans are sold with a national price structure is 
that individual consumers or entrepreneur/arbitrageurs could shop across regions to purchase such 
service plans,  since a toll-free access number eliminates any physical tie to a specific 
geographical region. 
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availability of lower quality, but cheaper plans, is less ubiquitous, and in our view 

is likely to account for a substantial portion of the observed variation across 

regions in both minimum and mean internet service price. Similarly, data 

collected by the FCC show that the availability of higher cost, higher quality 

broadband service is also likely to vary greatly across regions.12 

The picture we have in mind of consumer internet service quality choice is 

best depicted by a simple diagram like Fig. 2.5, which depicts the budget 

constraint facing a household choosing whether or not to purchase some level of 

quality of internet service. The x-axis in this diagram shows some index of 

“quality” of internet service, while the y-axis depicts household budget 

expenditure on “other”. The budget is discontinuous at both ends, jumping from 

the y-axis to the minimum quality (and cheapest) service available on the left, and 

to the x-axis at the most expensive (and highest quality) service available 

regionally, on the right. Point A gives the cheapest, lowest quality “local” plan 

available in a region, point B corresponds to a “national” dialup plan available in 

all markets across the country at a uniform price, and point C represents the most 

expensive, highest quality, high speed service available in a given region. Points 

A and C might be expected to change from one region to the next, while point B 

is assumed to be available in all regions. 

 

 

                                                 
12  The Federal Communications Commission’s data collection program on broadband availability 
by zip codes shows that in 2003, many zip codes still had  no broadband service being provided to 
customers, while other zip codes had as many as 18 broadband service providers. 
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Figure 2.5: Choice Hierarchy 
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The model presented here starts with a so-called “hedonic view of the 

demand for Internet services, where willingness to pay for different vendors’ 

Internet service offerings is related to a set of underlying service characteristics 

that combine to produce a single, separable index of service utility to consumers, 

which we think of as “quality”. Internet service quality is assumed to be a 

“vertically” differentiated service characteristic from this perspective, i.e., one for 

which all consumers have preferences that produce the same quality ranking for 

services with available underlying characteristics, and all consumers agree that 

higher quality service is superior to lower quality service. Different qualities of 

service are purchased because of differing willingness to pay for quality across 

consumers, and differing availability of higher quality services across markets.  
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We also assume a linear relationship between price and quality in 

sketching this budget constraint. Point B (the uniformly priced national dialup 

service) must be located at the same point in all regions, while points A and C 

will not necessarily be if there is variation across regions in availability of cheap, 

low quality service plans and expensive, high speed plans. It is convenient to 

think about a budget line anchored at point B as rotating, and lengthening or 

shrinking, about B. The slope of a budget line running through B might be flatter 

in “cheaper” markets, and steeper in “expensive” regional internet service 

markets. 

In the context of this diagram, a household with indifference curve oo' 

would choose not to connect to the internet, while a household with indifference 

curve hh' would purchase the highest priced, highest quality broadband service. A 

household with indifference curve ll' would purchase the cheapest dialup service, 

while a household with indifference curve mm' would purchase the “national” 

plan. 

We will not attempt to model internet service quality choice in this 

chapter, except in a very simple way.13  Instead, we will assume the following 

about household preferences: all households purchasing internet access with some 

given quality of service would have purchased some lesser quality of service at 

some lower price had the higher priced, higher quality service been unavailable. 

In effect, we are assuming that a household choosing a point on the available 

budget line in Fig. 5 would have chosen another point on the budget line to the 

                                                 
13 It would be impossible to so in any event, since we lack data directly measuring internet service 
quality. 
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left, had the right end of its budget line receded to the left, with the higher priced 

services initially chosen no longer being available. 

This assumption concerning preferences greatly simplifies matters since it 

permits us to assume that a household choosing the most expensive, broadband 

service would have instead chosen to connect to the internet using the cheapest, 

lowest quality service had more expensive services been unavailable. The 

decision to purchase any internet service, then, means that internet service would 

have been purchased had only the cheapest and lowest quality service been 

offered. Similarly, a decision to purchase any high speed, high quality service 

means that a cheaper broadband service would have been purchased had the 

premium price product been unavailable. 

While we do not really believe this assumption is true in absolutely all 

cases, we are hopeful that the underlying assumption we are making about 

preferences is approximately true in most cases, and that maintaining this 

assumption is a reasonable starting point for analyzing our data. We will also 

assume that our measured minimum Internet service price is a reasonable proxy 

for the true minimum price at which dialup service is available within a region.14 

We will then use measured minimum monthly internet service expenditure 

within a region j, Ej, as the basic price variable relevant to a decision to purchase 

internet service. (All decisions to purchase higher priced internet services, we 

assume, mean that lower quality service would have been purchased had the 

premium product been unavailable.) If the minimum priced service were of the 

                                                 
14  We understand that the measurement error implicit  in using this observed minimum is likely 
to be greater in areas where we have only small numbers of observations in our sample. 
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same quality in all regions, then we could simply take quality-adjusted minimum 

service price, Pj, as equal to Ej. If however, minimum quality service levels vary 

from one region to the next, then both minimum quality and minimum price will 

vary across region, and need be separately included in a model. In this case, we 

can think of minimum service quality as an unobserved, “dummy” variable that 

varies across regions but not within regions. We will henceforth use Ej as a 

measure of Pj, but note that an additional variable measuring minimum-priced 

internet service quality should be included in our list of relevant variables if 

service quality is not constant across geographic regions.15 

One final point on pricing bears mentioning. Initially we analyze the 

demand for basic (i.e., low speed dialup) access. We assume the hierarchical 

demand structure described above, where those choosing more expensive, higher 

speed Internet service would have chosen lower speed access had higher speed 

access not been available. As a consequence, we must also impute a price for 

lower speed service to higher speed Internet users, as well as nonusers, in 

undertaking our analysis. 

                                                 
15 In effect, we are modeling minimum-priced service quality as a region-specific dummy 
variable. If any of our assumptions are incorrect—if Internet service differences cannot be mapped 
into a single quality measure which all consumers agree on, or if preferences are not such that 
higher price service consumers would have purchased lower quality, lower priced services had the 
higher priced service been unavailable, or if not all consumers in a region had access to the same 
minimum quality service—then differences in minimum cost Internet service quality available to 
consumers would not be captured correctly by this dummy variable. The error term in our logit 
equation would then contain a term related to Internet service quality choice correlated with other 
included explanatory variables, and this errors-in-variables problem would lead us to expect the 
coefficient of the mismeasured price variable to be biased toward zero. 
 It might in principle be possible to use instrumental variables to deal with this issue, as in 
Berry, Levinsohn, and Pakes (1995), but appropriate instrumental variables are a matter of some 
controversy, and in any event were unavailable to us. Thus, we are forced to appeal to the general 
reasonableness of our maintained assumptions. 
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THE MODEL 

The structure we propose has two alternative forms.  In the first, the 

probability of having access to the Net at home would be a function – apart from 

the socio-demographic factors – of geography dummies: 

 
Pri(HOMEACCESS=1) 0 Dj ij

j
β β= +∑          (2a) 

 Where the Dij denote the values for individual i of j dummy 

variables taking on value 1 if living in the j-th area code, 0 otherwise. If our 

hypothesis is correct, these area code dummies capture systematic variations in 

minimum Internet access price, and minimum priced Internet access quality, but 

may also capture other sources of variation in preferences or other unmeasured 

variables that vary with geography.  Theoretically, they may also include 

systematic differences in computer price, though we think this is not likely to be 

important, a priori. 

In the second form, the price of low speed access for all individuals in a 

particular area code is captured by the minimum price of low speed access for that 

area, and if minimum-priced service quality is uniform geographically and there 

are no other determinants of Internet access demand linked to geographic area 

(other than the urban-rural dimension which we measure separately within an area 

code), the probability of access for the entire sample would be a function of these 

individual or regional minimum prices: 
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Pri(HOMEACCESS=1) = β0 + γPi                     (2b) 

 

in which Pi is the price paid for access by the i-th individual.  But since Pi = 
P Dj ij

j
∑ , we have: 

 
Pri(HOMEACCESS=1) = β0 + γ P Dj ij

j
∑  

  = β0 + P Dj ij

j

γ∑                                              (2c) 

Comparing (2a) and (2c), we can see that (2c) is a special case of (2a) in which 

γPj = βj, implying that: 

 

P P
j k

j k

β β
=  for all j ≠ k.              (3) 

 

The above condition allows us to formally test the hypothesis that 

determinants of Internet access demand linked to area code variation are captured 

entirely by the effects of Internet access price. The hypothesis that the 

independent effects of area code on Internet access demand are entirely due to 

variation in access price (and, simultaneously, that lowest cost access quality is 

uniform across regions) becomes a set of linear restrictions on the area code 

dummy variables.  We can estimate equation (2a), and formally test the n-1 

simultaneous restrictions given by (3), with n the number of area codes. 

Both (2a) and (2b) are, of course, incomplete because they do not consider 

other relevant explanatory variables.  When these are included, the model  

becomes: 
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Pri(HOMEACCESS=1) 0 Dj ij

j

β β= +∑  + β1(SUBURBAN) + 

β2(URBAN) + β3(AGE) +        β4(MALE) + 
β5(HISPANIC) + β6(WHITE) + 
β7(BLACK) + β8(ASIAN) + 
β9(MARRIED) + β10(EMPLOYED) + 
β11(STUDENT) + β12(INC2) + β13(INC3) + 
β14(INC4) + β15(INC5) + β16(INC6) + 
β17(INC7) + β18(INC8) + β19(EDUC2) + 
β20(EDUC3) + β21(EDUC4) + β22(EDUC5) 
+ β23(EDUC6) + β24(EDUC7)                                                       

 
(4a) 

 

and 

 
Pri(HOMEACCESS=1) = β0 + γPi + β1(SUBURBAN) + β2(URBAN) + 

β3(AGE) +        β4(MALE) + β5(HISPANIC) + 
β6(WHITE) + β7(BLACK) + β8(ASIAN) + 
β9(MARRIED) + β10(EMPLOYED) + 
β11(STUDENT) + β12(INC2) + β13(INC3) + 
β14(INC4) + β15(INC5) + β16(INC6) + 
β17(INC7) + β18(INC8) + β19(EDUC2) + 
β20(EDUC3) + β21(EDUC4) + β22(EDUC5) + 
β23(EDUC6) + β24(EDUC7)                                                                 

 
 (4b) 

 

ESTIMATION 

Our modeling framework essentially tests whether the geographical 

effects, captured by the area code dummy variables, can be explained entirely by 

the respective price effects.  If we cannot reject this hypothesis, then the two 

alternative specifications are perfect substitutes.  This may not be true for all area 
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codes. Prices may entirely capture the geographical effects for most area codes, 

but may be unable to completely explain the rest (for example, if the least costly 

ISP offers significantly greater or lesser quality than elsewhere, or if other 

idiosyncratic factors are important in a particular area code).  Thus, we conjecture 

that a “final” model may include both the price variable, and the subset of area 

codes for which we have rejected the linear restriction described above.   

The analysis is carried out in three stages.  In Step 1, we estimate model 

4a and test the linear restrictions.  The test is carried out pairwise, each area code 

compared to a “representative” area code near the sample median values for area 

code dummies and price.  For that subset of area codes where we could not reject 

the restrictions individually, a joint test is carried out as a group.  In Step 2, we 

estimate model 4b, but also include those area codes for which we rejected the 

price-location equivalence in Step 1.  For those area codes which are not 

individually statistically significant, we again conduct a joint test for non-

significance.  Our “final” model includes both price, and those area codes for 

which we rejected the restriction and which are individually statistically 

significant.  The two samples are then pooled together, time interactions added, 

and a combined model estimated. 

In creating the area code dummies, a base area code (the excluded area 

code, incorporated into the intercept term) was chosen as that with the highest 

number of observations.  In other words, the dummy for this area code was 

excluded from the model, and its value was in effect not estimable (since 

collectively, all area code dummies would be perfectly collinear with the intercept 
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term).  Unfortunately, this requires us to restate linear restriction (3), because the 

values of the area code coefficients are now estimated as offsets from the base 

area code incorporated into the intercept term (i.e., the coefficient for area code i, 

βi = βi – βbase, where βbase is the excluded area code dummy incorporated into the 

intercept).We hence have to modify the restriction so that the prices in the 

denominator of (3) are measured as deviations from that of the base area code: 

 

P -P P -P

i j

i base j base

β β
=  for all  j ≠ k.           (3a) 

 

For the pairwise tests of the restrictions, we chose the area code for which 

this ratio was closest to the median value.  Hence, for both samples, the individual 

tests were carried out over n-2 area codes:   

 

P -P P -P

i
median

i base median base

β β
=  for all i           (3b) 

 

 There were 110 and 185 area codes in FALL2001 and 

SPRING2002 respectively, excluding the base which was common to both.  Out 

of the 109 and 184 pairwise restrictions tested in the samples, for 3 area codes in 

the first sample and 9 in the second we rejected this null hypothesis. The pairwise 

tests could not be carried out for 2 area codes in FALL2001 and 8 in 

SPRING2002 because their prices exactly equaled that of the base.  However, in 

these cases the restrictions reduced to the coefficients themselves being equal to 

zero, which we could not reject.  In all of these area codes we were unable to 
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reject the null hypothesis that the linear restrictions (and price, accounting for all 

regional effects) was true.  We jointly tested the linear restrictions for all area 

codes (other than the base, the area codes in which we rejected the restrictions 

relative to the median area code, and the 2 area codes with prices equal to the base 

price that we could not test), and could not reject the null hypothesis of price 

accounting for all area code effects in these areas.16  

 In the next stage of the analysis, model 4b was estimated, but with 

a subset of area code dummies included as additional covariates.  For both 

samples, this subset consisted of the area codes for which we rejected the linear 

hypothesis, those for which the pairwise restrictions could not be implemented 

because price was equal to base price, and the base and “median” area codes.17  

The area code coefficients in this new model now reflect the full value of any 

incremental area code contribution beyond that of price, since the latter is now 

included as a determinant of Internet purchase in all area codes and there is no 

“base” area code included in the intercept term.  

Significance tests for the area code coefficients (i.e., against the null that 

they are zero) now test whether there is any effect apart from price. In the same 

handful of area codes tested in the prior model, and now included as additional 

effects because we rejected our linear restrictions in the prior model, these effects 

continue to be statistically significant, reinforcing our conclusion that in this very 

                                                 
16 The chi-squared statistics for the two samples were 82.26 and 131.93, with p-values of 0.94 and 
0.98. 
17 The base area code could not be included in estimating model 3a because the set of all area code 
dummies would have been perfectly collinear with the intercept.  Of course, this condition no 
longer applies because we are considering only a subset of the area codes. 
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small group of area codes there were regional effects above and beyond that of 

price.  

All the other area code coefficients now included as separate effects (i.e., 

the “base” area code, the median area code, and any area codes with prices equal 

to those in the base area) were not statistically significant, and we could not reject 

the hypothesis that price alone was the sole region-specific determinant of internet 

access in these other area codes. This same small group of area code coefficients 

(base, median, price equal to base) were also tested jointly, as a group, for 

equality with zero, and we could not reject the joint test of this null hypothesis as 

well.18  

Table 2.2 presents our “final” models.  The max-rescaled R-squared for 

FALL2001 and SPRING2002 are 0.333 and 0.399.  These values are quite high 

for cross-sectional data, and indicate a good overall model fit.  The total numbers 

of “residual” area codes are 3 and 7 respectively.  The estimated values of the 

coefficients are quite similar across the samples, with two major differences. First, 

price is not statistically significant in FALL2001 but is significant in 

SPRING2002.  The second is that the same is true for SUBURBAN and URBAN, 

and the estimated values of these two are quite different as well.19  However, at 

least the lack of statistical significance of these coefficients in FALL2001 is not 

surprising, because we know that the sample is much smaller and the estimates 

have larger standard errors. 

 

                                                 
18 The chi-squares and p-values for the two samples were 0.54, 0.97, and 0.41, 0.58 respectively. 
19 Both are categorical variables, the base being “rural”.   
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Table 2.2: Binary Logit 

FALL2001 SPRING2002 
Parameter Estimate Pr > ChiSq Odds-Ratio
Intercept -1.1358 0.0721
PRICEMINLOW -0.012 0.1121 0.988
SUBURBAN 0.1131 0.3084 1.120
URBAN 0.0945 0.4726 1.099
AGE -0.0392 <.0001 0.962
MALE -0.1459 0.099 0.864
HISPANIC -0.3325 0.0711 0.717
BLACK -0.439 0.0043 0.645
ASIAN -0.0212 0.9502 0.979
OTHERS -0.5885 0.0033 0.555
MARRIED 0.2863 0.003 1.331
EMPLOYED 0.1199 0.2705 1.127
STUDENT 0.5913 <.0001 1.806
INC2 0.5329 0.0345 1.704
INC3 0.6911 0.0033 1.996
INC4 0.8219 0.0005 2.275
INC5 1.3401 <.0001 3.819
INC6 1.5394 <.0001 4.662
INC7 1.8386 <.0001 6.288
INC8 1.9402 <.0001 6.960
EDUC2 1.0848 0.064 2.959
EDUC3 1.3352 0.0179 3.801
EDUC4 1.1772 0.0511 3.245
EDUC5 1.8564 0.001 6.400
EDUC6 2.2391 <.0001 9.385
EDUC7 2.7791 <.0001 16.104
AREACODE336 -1.5174 0.0011 0.219
AREACODE814 1.3351 0.0053 3.800
AREACODE954 1.0871 0.0712 2.966

 

Parameter Estimate Pr > ChiSq Odds-Ratio
Intercept -1.094 0.136
PRICEMINLOW -0.034 0.001 0.966
SUBURBAN 0.289 0.021 1.336
URBAN 0.298 0.041 1.348
AGE -0.037 <.0001 0.964
MALE -0.183 0.083 0.833
HISPANIC -0.387 0.070 0.679
BLACK -0.813 <.0001 0.444
ASIAN -0.655 0.085 0.519
OTHERS -0.610 0.016 0.543
MARRIED 0.435 0.000 1.545
EMPLOYED -0.014 0.914 0.986
STUDENT 0.857 <.0001 2.356
INC2 -0.195 0.506 0.823
INC3 0.558 0.040 1.747
INC4 1.111 <.0001 3.039
INC5 1.388 <.0001 4.005
INC6 1.405 <.0001 4.077
INC7 2.044 <.0001 7.723
INC8 2.145 <.0001 8.540
EDUC2 0.794 0.251 2.212
EDUC3 1.569 0.017 4.803
EDUC4 2.003 0.004 7.414
EDUC5 2.329 0.000 10.271
EDUC6 2.587 <.0001 13.289
EDUC7 2.907 <.0001 18.308
AREACODE218 2.335 0.051 10.334
AREACODE248 -1.310 0.065 0.270
AREACODE276 2.337 0.089 10.351
AREACODE541 1.395 0.012 4.036
AREACODE606 1.744 0.009 5.720
AREACODE760 -1.087 0.048 0.337
AREACODE859 -1.654 0.030 0.191

 

 

One question which naturally comes to mind is why these area codes, and 

not others, stand out.  One plausible explanation would be that larger areas would 

harbor more heterogeneity and thus would be less generalizable.  They would 

consequently have a higher probability of failing our restrictive test.  However, 

that does not appear to be the case.  Table 2.3 lists the total land-areas and 
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populations of these outlier area codes; there is no obvious pattern.20  Nor are 

state policies likely to be the factor, since the area codes range from Oregon at 

one extreme to Florida at the other.  We are unable to pinpoint any obvious 

underlying commonality, apart from the casual observation that these area codes 

generally seem to include regions with a mix of both highly urban and highly 

rural areas.  

 

Table 2.3: “Residual” Area Codes 

Area 
Code State Name Total 

Population 
Land Area

(sq. mi.) 
218 MN N Minnesota: Duluth 747947 37554.18 
248 MI Michigan: Oakland County  1231066 945.80 
276 VA S and SW Virginia: Bristol, Stuart, Martinsville  493614 6875.65 
336 NC Cent. North Carolina: Greensboro 1560505 7194.19 
541 OR Oregon: Eugene, Medford  1429881 47577.20 
606 KY E Kentucky: area east of Frankfort: Ashland 932316 14681.34 

760 CA 
California: San Diego North County to Sierra 
Nevada  1750171 27713.50 

814 PA Cent. Pennsylvania: Erie 1366726 14594.26 

859 KY 

N and Central Kentucky: Lexington; suburban KY 
counties of Cincinnati OH metro area; Covington, 
Newport, Ft. Thomas, Ft. Wright, Florence  938910 4523.35 

954 FL Florida: Broward County area, incl Ft. Lauderdale  1623018 402.13 

 

It is interesting to note how, in general, the p-values for the income and 

education variables progressively decrease, and the values of the coefficients 

themselves increase with increasing levels for these variables.  The odds-ratio 

                                                 
20 These values are calculated by aggregating up from Zip Code Tabulation Area (ZCTA) files 
from the Census Bureau.  Source: http://www.census.gov/geo/ZCTA/zcta.html, accessed on 
03/15/05. 
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estimates emphasize the importance of higher levels of income and education on 

having access to the Net at home.  It should be noted that ceteris paribus, the 

premium on education appears to be much greater than that on income.  For 

example, the odds-ratio for INC8 for SPRING2002 is 8.54, while that for EDUC7 

is 18.31; those for FALL2001 are 6.96 and 16.14. 

There are, in addition, three noteworthy outcomes.  First, the variable 

MALE is negative and significant at the 10% level for both SPRING2002 and 

FALL2001.  The two values are also quite similar.  Second, EMPLOYED is not 

significant.  Third, the marital status of the respondent seems to have a positive 

and highly significant effect on having access to the Internet at home. (We dub 

this the “we never go out any more since we’ve been married” effect.)   

The “combined” model pools together the two samples and includes time 

interaction terms for all included variables. The time interaction term for the 

intercept is just a dummy variable, YEAR, which takes on the values 0 for 2001 

and 1 for 2002. The model is defined by price, the union of area codes in the 

“final” models for the two individual samples, and all other covariates.  It also 

includes time-interactions for all covariates, including the area codes which are 

found in both samples.21  Among the interactions, only four are individually 

significant: INC2, and 3 area code and time interactions.  The others were jointly 

tested for non-significance and excluded from the model.  The final model is 

presented in Table 2.4. 

                                                 
21 These time and area code interactions are denoted by AREAYEARi.  For example, 
AREAYEAR954 is the interaction of the dummies for time and area code 954. 



 44

Note that price has a negative and statistically significant impact on 

internet access, lowering the odds ratio for access by about 2 percent. Being male, 

Black, Hispanic, of “other” ethnicity, or older lower the odds of Internet access, 

and are statistically significant. Being married or a student are statistically 

significant factors augmenting the probability of Internet access, as are increased 

levels of income and education. 

 

Table 2.4: Binary Logit – Combined Sample 

Parameter Estimate Pr > ChiSq Odds-Ratio 
Intercept -1.323 0.006   
YEAR 0.279 0.000 1.322 
PRICEMINLOW -0.018 0.004 0.982 
SUBURBAN 0.184 0.027 1.202 
URBAN 0.189 0.053 1.207 
AGE -0.038 <.0001 0.963 
MALE -0.159 0.018 0.853 
HISPANIC -0.335 0.016 0.715 
BLACK -0.582 <.0001 0.559 
ASIAN -0.283 0.259 0.753 
OTHERS -0.600 0.000 0.549 
MARRIED 0.355 <.0001 1.426 
EMPLOYED 0.071 0.391 1.074 
STUDENT 0.689 <.0001 1.992 
INC2 0.580 0.007 1.786 
INC3 0.630 0.000 1.877 
INC4 0.940 <.0001 2.559 
INC5 1.347 <.0001 3.847 
INC6 1.473 <.0001 4.364 
INC7 1.900 <.0001 6.682 
INC8 2.006 <.0001 7.430 
EDUC2 1.013 0.023 2.755 
EDUC3 1.460 0.001 4.304 
EDUC4 1.591 0.000 4.909 
EDUC5 2.071 <.0001 7.930 
EDUC6 2.410 <.0001 11.138 
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EDUC7 2.847 <.0001 17.243 
AREACODE218 2.318 0.053 10.156 
AREACODE276 1.929 0.147 6.880 
AREACODE336 -1.370 0.001 0.254 
AREACODE541 0.069 0.860 1.072 
AREACODE606 1.562 0.019 4.770 
AREACODE814 1.314 0.006 3.720 
AREACODE859 -1.571 0.034 0.208 
AREACODE954 1.097 0.067 2.994 
INC2_YEAR -0.817 0.001 0.442 
AREAYEAR541 1.159 0.084 3.186 
AREAYEAR814 -1.863 0.022 0.155 
AREAYEAR954 -1.894 0.047 0.150 

 

Logit model estimates are notoriously difficult to translate into intuitively 

meaningful values.  Odds-ratios provide reasonable approximations of the effects 

of changes in the values of the covariates on the relative outcome probabilities, 

but are not true elasticities.   

To estimate a sample-based price elasticity, we simulated the effects of 

both a ten percent increase and decrease in LOWMINPRICE for every individual 

in our sample,22 holding all other individual characteristics constant, and 

observing the change in the predicted number of people purchasing internet 

access.23 In both cases, this number shifted by around 0.8 percent - lower for a 

price increase and higher for a decrease.  In other words, we estimate an empirical 

price elasticity of demand for Internet access of about -0.08 in our sample as a 

whole, given the observed empirical distribution of demographic and economic 

characteristics, and the resulting estimated probability of Internet access for each 
                                                 
22 Only one individual was sampled per household. 
23  Expected internet access for the sample as a whole is just the sum of the access probabilities for 
each observation in the sample. 



 46

observation.24 With roughly 100 million households nationwide, of which about 

half were online, assuming a minimum monthly Internet service price of around 

$10, this elasticity estimate would translate into about 400,000 more Net-

connected households for a one dollar decline in service price. 

 

CONCLUSION 

The empirical analysis undertaken in this chapter has sought to explain 

what drives the decision to become an Internet subscriber, with a focus on the 

socio-economic factors that may affect the adoption decision, as well as the role 

cost and the region in which individuals reside as possible explanatory variables.  

Income and education are the strongest predictors of Internet purchase. A higher 

degree of educational attainment and whether one is a student are both positive 

and significant predictors of Internet subscription.  Several demographic 

characteristics also come into play; African Americans and Hispanics are less 

likely to be online than other racial categories, and people who are married are 

more likely to have Internet access.  Interestingly, having a job is not associated in 
                                                 
24  Our price elasticity estimate is substantially lower than those found in Kridel, Rappoport, and 
Taylor [KRT] (1999), which range from .-.2 to -.4, use a very different data set, very much coarser 
regional dummies, and describe much earlier periods (1996 and 1997). The simulated sample 
elasticity is also quite different conceptually (actual non-price characteristics are combined with a 
hypothetical uniform price for every observation in the sample, and predicted penetration 
simulated—contrasted with our lowering every actual price in the sample by the same fixed 
percentage). The KRT data also did not successfully distinguish Internet access at home from 
Internet access at work, imputed a state-wide average Internet service expenditure as the Internet 
service price for households not adopting Internet service, and made no attempt to deal with the 
issue of quality differences accounting for some of the dispersion in Internet access prices for 
those who did report access. These substantial differences aside, it is quite possible that price 
elasticity among early Internet adopters back in 1996 (10% of all households in the KRT sample 
in1996, rising to roughly a quarter in 1997) was substantially higher than in the much larger 
population of Internet users online during the 2001-02 time frame in which our sample was 
collected.  
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a significant way with having Net access, and being a male seems weakly 

associated with a lower probability of choosing access, ceteris paribus.  Finally, 

the monthly price of Internet access has a statistically significant but effectively 

small impact on Internet access.  

Our hypothesis tests suggested that most regional variation in Internet 

demand not accounted for by our measured socioeconomic characteristics is 

primarily related to variation in prices across regions. Only a handful of area 

codes showed evidence of statistically significant regional effects above and 

beyond measured Internet service price variation. 

To some extent, demography is destiny when it comes to Internet 

penetration.  People who are well educated, married, and not Black or Hispanic 

are more likely to be online than others not sharing these characteristics.  Price 

has a statistically significant effect on dialup access, but with a low coefficient 

value that yields only tiny aggregate effects in our empirical sample. This 

suggests that subsidies to individuals for access would have some slight positive 

theoretical impact, but a negligible practical impact.  

The large positive coefficients for both schooling and student status hint 

that infrastructure subsidies for schools, like the Federally-funded e-rate program 

may have larger payoffs. Such programs may help in promoting access for 

individuals by introducing Internet technology to students who may not yet have 

access to the Internet at home.  

Our very preliminary foray into analyzing broadband access was blocked 

by the failure of the ordered logit model’s proportional odds assumption.  More 
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flexible choice models are clearly required.  However, the preliminary but strong 

evidence of significant cross price elasticity between high speed and low speed 

access, in our simple binary logit analysis of high speed service choice, is 

intriguing. A more rigorous investigation offers the promise of interesting and 

important results on the relative attractiveness of broadband vis-à-vis dialup 

access, and the key factors shaping its eventual adoption by households.



 
 

 49

Chapter 3: The Demand for Broadband Access 

 

ABSTRACT 
This chapter extends the analysis of the relative impacts of socio-economic 

factors on households’ decision to subscribe to dialup Internet access, to the 
decision to subscribe to broadband.  A simple cumulative utility (ordered logit) 
model is rejected in favor of a partial proportional odds model, and we find that 
the decision to purchase any access at all, and the decision to upgrade to 
broadband, may be affected differently by various socioeconomic factors.  The 
own-price elasticity of broadband demand is statistically significant and has a 
substantial coefficient value.  The cross-price sensitivity of broadband demand 
with respect to dialup price is also statistically significant, and supports the 
notion of the two services being substitutes.   

 

INTRODUCTION 

The evolution of Internet access technology has caused the debate on the 

“Digital Divide” to largely shift from dialup to broadband.  The emphasis now is 

on “ubiquitous broadband”, and proposals for high speed city-wide wireless 

access are increasingly common.  Researchers have been struggling to understand 

the impact of Internet technology, but have been handicapped by both the 

newness of the field, absence of comparative data, and the lack of firm and 

universally agreed upon theoretical structures.  The paucity of robust estimates of 

determinants of demand and supply is remarkable, given the amount of discussion 

expended on the topic. This holds true even more for broadband than for dialup 

access, because of the greater complexity of analysis involved. 
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“Broadband” is a catchall word including DSL, cable, Ethernet, as well as 

wireless connections.  All these are characterized by their “always on” nature, and 

the fact that they are also many times faster than the more general dialup 

connections.  They are also generally at least twice as expensive as the latter, 

though comparatively cheap introductory rates are becoming more common.  

Since broadband deployment is typically more technically demanding than access 

dependent on telephone lines, even its potential penetration is much less than a 

hundred percent.  It would seem to be reasonable to expect that providers would 

be willing to make the greater investment necessary for broadband only in richer 

areas where it would be easier to extract a service cost premium from the 

customers, if we assume high speed access is a normal good. 

The Federal Communications Commission (FCC) defines any technology 

capable of supporting the transfer of data exceeding 200kbps in at least one 

direction (upstream or downstream) as broadband.1 A very basic difference 

between dialup and broadband is that of technical heterogeneity.  Gillett (1999) 

points out that basic dialup access is simply an overlay over a telephone network.   

The unfortunate consequence of this definition is that there is much 

greater variation in speed within broadband technologies than between dialup and 

broadband. Dialup, by definition, is restricted to 200kbps.  Broadband has no 

upper limit.  Though rare in the US, residential connections at 10 mbps or more 

through fiber networks are becoming common in Japan and S. Korea. Delivery of 

services over cable, digital subscriber line (DSL), broadband over power lines 

                                                 
1 http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-04-208A1.pdf, accessed on 01/24/05. 
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(BPL), and Wi-Max are completely different.  Each has different set of 

advantages over the others, and faces a different set of technological challenges.  

Dialup service, both in terms of technology and in an economic sense, has 

attained maturity.  Broadband, on the other hand, is rapidly evolving in a much 

more unpredictable manner. 

This difference in technological maturity is the first point of departure 

between dialup and broadband.  The biggest advantage of dialup is that the 

backbone, viz. the telephone network, already exists, and reaches almost every 

household in the country.2  On the other hand, even the two dominant forms of 

broadband, cable and xDSL, face serious technological handicaps.  Cable TV 

penetration stands at 67.1 percent, and it is unclear whether additional households 

would purchase connections just for Internet access.3  DSL is handicapped by the 

fact that signal quality decreases in direct proportion to distance from the 

transmission point, the absolute limit being around 3 miles.  Though in theory 

every household in the country can get satellite broadband, affordability 

constraints put this out of practical consideration in many cases.  

Though there is evidence that inter- and intra-modal competition has 

already created some amount of price discipline in broadband, (Chaudhuri & 

Flamm, 2005), the presence of significant economies of scale suggests that 

service may not even be available in areas where some minimum threshold 

                                                 
2 Interestingly, households’ landline subscription appears to be decreasing.  In March 2004, the 
penetration rate stood at 94.2%, which was 1.3% less than that for March 2003.  See 
http://www.fcc.gov/Bureaus/Common_Carrier/Reports/FCC-State_Link/Monitor/mr04-6.pdf, 
accessed on 01/16/05.  Of course, for providing dialup Internet access, this points to demand 
considerations rather than supply impediments. 
3 http://www.ncta.com/Docs/PageContent.cfm?pageID=86, accessed on 01/16/05. 
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number of subscribers is not present. Thus, in a small (in terms of population) but 

not insignificant number of geographic areas, broadband service may still not be 

available at all.  This creates a major challenge in analyzing broadband demand, 

particularly when making use of data for earlier time periods when broadband use 

was substantially less common than now.  Observed consumer selection of 

broadband services may be entirely absent in many geographical areas not 

because the residents are not interested, but because service providers find the 

economics of small and sparsely populated markets unattractive.   

It should be kept in mind that the dominant form of access technology for 

households is still dialup.4  Thus, broadband subscription decisions should 

presumably be analyzed not with non-subscription as the baseline, but primarily 

vis-à-vis dialup subscription.  Cable and DSL are certainly not perceived by the 

public as radical new technologies; nor are they marketed as such by the 

providers.  In general, they are more correctly perceived as providing major 

qualitative improvements over dialup.  The point of interest hence becomes the 

magnitudes of the impacts of these factors on broadband access, not the direction. 

However, two variables, in particular, should affect dialup and broadband 

demand very differently.  It is reasonable to assume that from the consumer’s 

standpoint, dialup and broadband services are substitutes.  In that case, their own-

price effects should be positive, but their cross-price effects should be positive.  

At present, very little academic work is available which ties together all these 

elements. 

                                                 
4 This may or may not change in the near future, but was certainly true at the time of writing. 
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CHAPTER OBJECTIVES 

From the above discussion, it should be clear that any framework to 

analyze broadband demand should include dialup demand as the background.  It 

should also be hierarchical in nature – or at least be able to test if such a hierarchy 

is a reasonable assumption.  Lastly, it should be flexible enough to allow the 

demand side factors to affect dialup and broadband differently. In the preceding 

chapter, I analyzed price, geography, and the demand for dialup Internet access. 

This chapter has the following objectives: 

(i) Extend the theoretical framework established in Chapter 1 to 

appropriately include broadband. 

(ii) Estimate the respective impacts of the economic and demographic 

factors on broadband demand vis-à-vis dialup demand. 

(iii) Estimate the own- and cross-price elasticities of dialup and broadband 

access at home. 

(iv) Compare the possible impacts of subsidies to dialup and broadband 

access. 

 

DETERMINANTS OF BROADBAND DEMAND 

The demand for goods and services are usually analyzed by referencing 

socio-economic determinants. These factors have also proven to be useful 

predictors of Internet subscription decisions.  For example, reports published by 

the National Telecommunications and Information Administration (NTIA) have 
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highlighted the strong correlation between race, age, and levels of income and 

education, and access decision.5  This has been supported by GAO (2001), UCLA 

(2000), and Leigh and Atkinson (2001).   The general consensus is that a “digital 

divide” is correlated with these factors, and that the poor, the less educated, and 

non-whites are on the disconnected side of the divide. 

Extrapolating these hypotheses to broadband is problematic both because 

of paucity of data and incomplete understanding of demand.  It seems reasonable 

to suppose that these factors would, in general, affect broadband subscription 

decision in the same direction as they would dialup.  This is supported by 

Rappoport, Kridel and Taylor (2002), who report that income and education are 

strong predictors of broadband service purchase.   

While lack of supply, i.e. that demand is not expressed because of 

constraints on supply (or equivalently, that the effective price of broadband 

exceeds the reservation price of even the most avid potential broadband 

consumer) can clearly be important in some markets, it certainly cannot be the 

only explanation for slow growth in broadband adoption.  For example, as pointed 

out in a report published by the Florida Public Service Commission, though 

“broadband is available to 80% of households, less than 15% of those households 

have chosen to subscribe.”6 

Hausman, Sidak and Singer (2001) argue that the demographic profiles of 

narrowband and broadband users are very different.  To support their contention, 

they cite two surveys conducted by the Pew Internet and American Life Project 

                                                 
5 NTIA (1995, 1998, 1999, 2000, 2002). 
6  http://ftp.fcc.gov/jointconference/services_study-oct2002.pdf, accessed on 01/19/02.   



 
 

 55

(PIALP).7  Chaudhuri and Flamm (2005) dispute this claim.  They point out that 

the first study was based on a survey not of actual broadband users, but of dialup 

users showing interest in broadband connections.  The second PIALP survey had 

a disconcertingly small sample size.  The authors use data from the Current 

Population Survey to show that there are no major demographic differences 

between dialup and broadband users.8  This is echoed by the report 

“Characteristics and Choices of Internet Users,” from the Government 

Accountability Office, which finds little discernible difference between the two 

groups, on the basis of a much larger and more extensive survey.9  

Price, though theoretically the most interesting determinant of Internet 

service choice, is also the least explored and understood.  Price is important both 

as a key to understanding the market and as an instrument for changing it.  When 

comparing two markets, ceteris paribus, lower prices are usually associated with 

more competitive market structures.  Were the own price elasticity of broadband 

proven to be high, price could also be viewed as a potential instrument shaping 

broadband penetration, influenced through regulation, or even through subsidies. 

Since broadband service is, on average, substantially more expensive than 

dialup service (Fig. 3.1 shows the frequency of broadband and dialup prices 

reported in the Pew Internet surveys for 2002), it is usually assumed that this price 

differential is a major market influence.  A report from the Office of Technology 

                                                 
7 “The Broadband Difference: How online Americans behavior changes with high-speed Internet 
connections at home.” http://www.pewinternet.org/pdfs/PIP_Broadband_Report.pdf, accessed on 
01/19/05. 
8 Chaudhuri and Flamm (2004). 
9 http://www.gao.gov/new.items/d01345.pdf, accessed on 01/19/05.   
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Policy of the Department of Commerce identifies cost as “the most obvious factor 

limiting broadband demand”.10  The report from the Florida Public Service 

Commission mentioned above also concludes that high price acts as an 

inhibitor.11 However, evidence on this matter is both sparse and unsubstantiated.  

Just because high prices for broadband co-exist with low penetration rates does 

not necessarily imply that the latter is primarily caused by the former.   

 

Figure 3.1: Dialup and Broadband Price Distributions12 
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10 http://www.technology.gov/reports/TechPolicy/Broadband_020921.pdf, accessed on 01/19/05. 
11 http://ftp.fcc.gov/jointconference/services_study-oct2002.pdf, accessed on 01/19/02.   
12 Survey data from the Pew Internet and American Life Project, March-May 2002 and Fall 2002. 
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There are, at present, very few academic studies on this subject.  

Rappoport, Kridel and Taylor (2002) find own- and cross-price elasticities for 

dialup, cable and ADSL connections to be statistically significant.  Goolsbee 

(2002) derives hypothetical demand curves from market survey data, and 

estimates the price-elasticity to range between -2.15 and -3.76.  Varian (2002) 

declares own-price elasticities to lie between -1.3 and -3.1 in his INDEX trials at 

Berkeley.  Another report from the Economic Policy Institute, quoting other 

studies, takes it for granted that “the demand for broadband services is very 

elastic”.13   

 

MODELING BROADBAND DEMAND 

The preceding chapter created a framework for analyzing Internet demand 

which tied together quality, price, and geographical heterogeneity.  Consider a 

household faced with a tradeoff in purchasing some index of Internet “quality of 

service” and the bundle of all other goods (Fig. 3.2).  Points A and C, 

respectively, depict the cheapest, lowest quality service, and the most expensive, 

highest quality service available in an area.  Point B depicts a “national” dialup 

plan available throughout the country at a uniform price.  The budget lines for all 

households have to be anchored on B, but their slopes, lengths, and discontinuities 

(reflecting regional differences in availability of lower and higher quality 

services), are going to be different from one area to the other.  The intersections 

of the three indifference curves and the budget line have the usual interpretation 
                                                 
13 “Putting Broadband on High Speed: New public policies to encourage rapid deployment”.  
http://www.epinet.org/studies/broadband_pociask.pdf, accessed on 01/19/05. 
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in terms of quality of service choice, and illustrate how regional differences in 

availability of services might lead to consumers purchasing lower (or higher) 

quality services than might be chosen had they lived in regions with a different 

range of service qualities offered. (So, for  example, a consumer with indifference 

curve hh’, who would have chosen high speed plan C, ends up choosing plan B, 

when C is unavailable; the consumer with indifference curve ll’ choosing low cost 

plan A would have chosen and even lower quality, lower cost plan had it been 

available). 

  

Figure 3.2: Choice Hierarchy 
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One key assumption made in this earlier chapter was that consumer 

preferences are such that were a desired high price-high quality combination 
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unavailable in a particular area, a household would always have settled for an 

available lower price, lower quality combination.  In other words, if the local 

market offered only the lowest quality, cheapest service, then any subscriber who 

would have purchased the higher priced, higher quality service would have 

instead purchased the cheaper service. Similarly a potential premium high-speed 

subscriber would have purchased the next best available broadband service, or 

even dialup service, were the desired service not available.  This assumption 

about consumer preferences leads naturally to a simple binary choice model, 

where the decision to purchase any Internet service at all depends only on the cost 

of the cheapest, lowest quality service, and the availability (or lack thereof) of 

higher cost, higher quality services can be put aside when modeling household 

decisions to connect to the Internet. 

Since I also assumed a simple linear relationship between price and 

quality, this also allowed me to model the minimum quality of service for any 

area, and the measured minimum price, as reflected in area-specific dummy 

variables.  In this earlier work, I found that I could not reject the hypothesis that 

variation in our measured minimum service prices accounted for the entire effects 

of regional dummy variables in all but a handful of the area codes that were the 

geographical units. That is, in all but a handful of exceptional cases, variation in 

the coefficients of regional dummy variables were consistent with constraints 

implied by minimum service price being the only region-specific variable 

affecting differences in choice probabilities across area codes. 
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 The basic model assumed the underlying utility of Internet access to be 

related to economic and demographic variables.  If changes in the values of this 

set of covariates pushed the utility beyond some “threshold”, an individual would 

transition from no subscription to subscription.  In order to extend this structure to 

accommodate types of access, I have to naturally assume two thresholds – the first 

(U1) separating no access from any kind of Internet access, and the second (U2) 

specifically marking broadband access.  Thus, if the values in an individual’s set 

of characteristics yields a level of utility (U) lower that U1, then he does not 

purchase access at all.  If U exceeds threshold U1, he purchases dialup or better 

(some form of Internet access). If U≥U2, he chooses broadband. 

This assumed relationship between a net utility function and choice of 

Internet service and service quality, linked to a set of threshold values before the 

next highest quality of service is chosen, leads naturally to an “ordered” choice 

model. It departs in one significant respect from the standard ordered choice 

model, however, in that dialup price would be a determinant of broadband 

demand, but not vice-versa.  That is, by only using the price of the cheaper dialup 

service, in determining whether any Internet connection was demanded, we are 

implicitly excluding the price of broadband access (which may not have been 

observed and measured in our relatively small sample) from the first-level 

threshold decision to purchase any Internet access at all.  

Above that lowest net utility threshold (for the lowest quality and price 

service), on the other hand, the price of the higher quality services clearly ought to 

enter the decision to move up the ladder to a higher quality connection. The price 
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for high speed service should obviously enter the utility function when exceeding 

some higher threshold results in the higher priced option being chosen. The 

implication of this hierarchical model structure is that the impact of high speed 

service price is naught when the decision threshold for any (low speed) service at 

all is considered, then enters with a non-zero weight when a second, higher net 

utility threshold for high speed service being chosen is approached.  

The hierarchical model for Internet connection choice outlined above 

substitutes assumptions about the structure of consumer preferences for missing 

data on Internet service quality/speed that would allow us to assume a more 

general structure for preferences. Absent data on Internet service quality, or the 

instrumental variables that might allow me to correct statistically for variation in 

measured Internet service price due to unmeasured quality differences, I have 

assumed a linear price-quality tradeoff and a hierarchical model of service quality 

choice that allow us to use minimum broadband service price as the argument in 

an index determining consumer selection of broadband service within a particular 

area. 

One would expect to observe two testable implications of the hypothesized 

hierarchical choice structure. The first is an asymmetry in the impacts of dialup 

Internet service price on the net utility function, as threshold values for choice of 

any (low speed) and broadband (high speed) services are approached. The impact 

of low speed service price on net utility should be negative as the threshold for 

any Internet service at all (using the cheapest, low speed service) is approached, 

but should then switch to a positive effect as the substitution of a broadband 
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connection for a dialup connection is next considered (since low speed service is a 

substitute for high speed service when high speed service is being considered).  

Similarly, I have proposed that the impact of high speed service price is nil 

when any Internet service at all (low speed) is the relevant choice, and negative 

when a switch to high speed service from a lower speed alternative is considered 

and high speed service price becomes the relevant “own-price”. One test of 

whether our hierarchical framework is a reasonable approximation to reality is 

whether the coefficients of these price variables behave as we have predicted. 

 

PRELIMINARY ANALYSIS 

Survey data for Spring and Fall 2002 from the Pew Internet and American 

Life Project14 was merged with public data from the FCC to identify households 

living in counties where broadband was available.15  The FCC data suffered from 

an undercounting problem, which made some broadband subscribers appear to 

live in counties where such service was not officially available.16   Households 

were thus classified as “being in broadband service available area” if they 

satisfied either or both of two conditions: (i) they were in located in “broadband 

available” county as identified by the FCC, and; (ii) they actually subscribed to 

broadband.   

                                                 
14 See preceding chapter for a discussion of the first dataset.  The second is identical in terms of 
the variables used in this chapter. 
15 Available at http://www.fcc.gov/wcb/iatd/comp.html, accessed on 01/24/05.  The geographical 
unit for this data was zip codes, but for that for the Pew data was counties.  The FCC data thus had 
to be aggregated up to the county level.  Though methodologically imprecise, this was the only 
feasible alternative. 
16 See Flamm (2005) for a discussion of issues in the FCC zip code data on broadband 
availability. 
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The demand for both dialup and broadband access were modeled for the 

subsets of households in areas where broadband service was available.  As 

discussed earlier, one key assumption made in Ch.2 was that households 

purchasing more expensive broadband service would have chosen a cheaper 

dialup option had the broadband service been unavailable in their areas of 

residence.  The three-level ordered logit model was a simple extension of the 

binary logit model used in our earlier model of Internet access demand. 

If I categorize the purchase-decision outcome variable (Y) as 0=“No 

purchase”, 1=“dialup”, and 2=“broadband”, then I can say the utility thresholds 

associated with them would be ordered as U0≤U1≤U2.  In that case, the 

probabilities associated with a particular outcome would be cumulative over the 

probabilities associated with the lower valued outcomes.  Generalizing, if I 

assume the ranks to be y1≤ y2…≤yk for the outcome variable Y, and defining the 

cumulative probabilities as: 

 Cij = Pr(Y≥ yj⎜Xi),                                                                         (1) 

 

where Xi, i=1, 2,…n is the covariate matrix, and j=1, 2, …k, I can write 

the cumulative (ordered) logit model as: 

 

 ln
1

Cij
Cij

⎛ ⎞
=⎜ ⎟−⎝ ⎠

 β0 + β1X1+…+ βnXn j=1, 2, k-1                             (2) 

 

where the βs are to be estimated.  The structure of the ordered logit model 

implies that for each covariate, the log odds-ratios across the outcome categories 
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are exactly the same.  This is the “proportional odds” (PO) assumption, such that 

the marginal effect of a covariate on the transition between outcome k and k+1 

would be the same as that between k+1 and k+2. Results are shown in Table 3.1, 

but these results should not be considered meaningful (See Appendix A for an 

explanation of the variables). 

 

Table 3.1: Ordered Logit Model (PO) 

Parameter Estimate Pr > ChiSq Odds Ratio
Intercept2 -2.4989 <.0001  
Intercept1 -0.134 0.7982  
LOGMINLOW -0.1962 0.0033 0.822 
LOGMINHIGH -0.184 0.0116 0.832 
SUBURBAN 0.2426 0.0021 1.275 
URBAN 0.3499 <.0001 1.419 
AGE -0.0357 <.0001 0.965 
MALE 0.0569 0.3433 1.059 
HISPANIC -0.2965 0.0114 0.743 
BLACK -0.9405 <.0001 0.39 
ASIAN 0.0423 0.8211 1.043 
OTHERS -0.1886 0.214 0.828 
MARRIED 0.1742 0.0079 1.19 
EMPLOYED -0.0183 0.8104 0.982 
STUDENT 0.5437 <.0001 1.722 
INC2 -0.1845 0.3148 0.831 
INC3 0.6738 <.0001 1.962 
INC4 1.1248 <.0001 3.08 
INC5 1.0559 <.0001 2.875 
INC6 1.2416 <.0001 3.461 
INC7 1.8298 <.0001 6.233 
INC8 1.9843 <.0001 7.274 
EDUC2 0.807 0.0496 2.241 
EDUC3 1.3961 0.0003 4.039 
EDUC4 1.7957 <.0001 6.024 
EDUC5 1.9942 <.0001 7.346 
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EDUC6 2.2284 <.0001 9.285 
EDUC7 2.5034 <.0001 12.224 
TIME 0.2772 <.0001 1.319 

 

 

The problem is that a score test based on the cumulative logit model 

strongly rejects the proportional odds assumption, with a chi-sq of 253.02 and a p-

value of less than 0.0001.  This is not surprising, since having all covariates 

displaying proportional odds is a very stringent assumption.  As remarked above, 

the underlying conceptual framework also predicts that proportional odds would 

not hold – low speed price, for example, should have a negative impact on low 

speed access, but a positive impact on high speed access, while high speed price 

would have no impact on low speed access, and a negative impact on high speed 

access. 

A much more plausible model structure would be one which permitted 

proportional odds for some variables, like income, but not for others, like price.  

As another example, it is possible that sex would have a different, or at least 

stronger, impact on broadband access decision, since it is a common perception 

that broadband is more appealing to men than to women.  On the other hand, there 

is no a priori reason to believe that, for example, being married would make any 

such difference. In other words, we consider a partial proportional odds model.17 

 

                                                 
17 We consider an unconstrained partial proportional odds model here.  See Peterson and Harrell 
(1990) for a good discussion.  See also Lall, Walters and Morgan (2002) and Bender and Grouven 
(1998). 
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NON-PROPORTIONAL ODDS 

Consider the case where p covariates are non-proportional in the outcome, 

while the rest retain the proportional odds property, and there are two outcome 

thresholds (or ‘cutpoints’).  In that case, the estimates of the coefficients for the 

first set of variables would vary across outcome threshold.  The model captured 

by equation (2) would then be: 

 

ln
1

Cij
Cij

⎛ ⎞
=⎜ ⎟−⎝ ⎠

 β0 + [β1X1+γ1XjD1] + …+ [βpXp+γpXjDp] + …+ βnXn,   

j=1, 2, k-1              (3)                    

where the Dp are a set of (0,1) dummy variables taking on nonzero values at the 

second outcome threshold.                        

 

If γj = 0 for all j, then (3) collapses to the proportional odds model (2). 

 

The advantage of this formulation is that it allows us to retain the fundamental 

hierarchical structure of our model, while letting the covariates have differential 

impacts on the outcome variable as different decision thresholds are approached.   

For every observation, we form two logits, the first of which compares 

outcome 0 to 1 and 2 (i.e. access with non-access), while the second compares 

outcomes 0 and 1 versus 2.  We can then consider the two logits to be separate 

response functions for every individual.  This allows us to stack the two logits 

into a single model, with interaction terms between every covariate and a dummy 
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variable marking the second logit equation. We use the Generalized Estimating 

Equation (GEE) estimator available through PROC GENMOD in SAS.18  

Table 3.2 shows the output from estimating a fully non-proportional odds 

(NPPO) model, in which I explicitly allow each covariate to affect dialup and 

broadband access decisions differently.  HIGH is the intercept dummy for the 

transition to broadband.  For any variable X, HIGH_X denotes the additive effect 

on broadband demand.  For instance, the coefficient of AGE captures the effect of 

the respondent’s age on his dialup purchase decision, but in order to obtain the net 

effect of age on broadband access, one would have to add the value of the 

coefficient of AGE_HIGH on to it.  This allows me to directly test the 

proportional odds assumption for each variable; if I cannot reject the hypothesis 

that X_HIGH is statistically equal to zero, that automatically implies that X has 

no additional impact on broadband demand. The time interactions are self-

evident.19   

The only exceptions to the above parameterization convention are for the 

price variables.  The natural logs of the minimum dialup and broadband prices are 

used to obtain a better fit to the data, and these two variables are parameterized so 

that the values of their coefficients explicitly display their full respective impacts 

on dialup and broadband demand.20  This was done not only for simplicity of 

exposition, but also to directly test our linear hypothesis.  If our model is a good 
                                                 
18 See Stokes, Davis and Koch (2000). This estimator also has the advantage of providing us with 
robust standard error estimates that are valid even if there is heteroskedasticity across area codes. 
19 A diagonal correlation matrix for random errors within area codes was used in the estimation 
routine. This estimator is consistent but not generally efficient; and we have used robust 
“sandwich” standard error estimates that are valid even if the true error structure is not diagonal. 
20 This also allows us to interpret these coefficients as the elasticity of the ratio of the odds ratio 
for the dialup or better, or broadband, respectively, with respect to price. 
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reflection of reality, then LOGMINHIGH_LOW – the impact of high speed price 

on dialup access – would be statistically indistinguishable from zero.  On the 

other hand, our model also predicts that LOGMINLOW_HIGH, which measures 

the impact of dialup price on broadband demand, should be positive. 

Happily, the results shown in Table 3.2 support the proposed hierarchical 

model. The coefficient of broadband price at the “any Internet connection” 

threshold is close to zero and not statistically significant at the 10% level, while 

the coefficient of dialup price is negative and statistically significant at this first 

threshold. At the second broadband threshold, low speed price has a positive 

coefficient while high speed price has a negative coefficient, has our framework 

posits, and both are statistically significant. 

 

Table 3.2: Full Model (NPPO) 

Parameter Estimate Std. Error Prob> |Z| 
Intercept 0.529 1.099 0.630 
LOGMINLOW_LOW -0.620 0.141 0.000 
LOGMINHIGH_LOW -0.145 0.132 0.272 
SUBURBAN 0.012 0.149 0.936 
URBAN 0.044 0.169 0.793 
AGE -0.033 0.004 0.000 
MALE -0.244 0.118 0.039 
HISPANIC -0.253 0.228 0.267 
BLACK -1.024 0.214 0.000 
ASIAN -0.545 0.317 0.085 
OTHERS -0.525 0.275 0.056 
MARRIED 0.440 0.126 0.000 
EMPLOYED 0.098 0.142 0.488 
STUDENT 0.942 0.192 0.000 
INC2 -0.365 0.320 0.254 
INC3 0.427 0.292 0.143 
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INC4 0.920 0.287 0.001 
INC5 1.071 0.298 0.000 
INC6 1.288 0.293 0.000 
INC7 1.904 0.319 0.000 
INC8 2.156 0.338 0.000 
EDUC2 0.869 0.927 0.349 
EDUC3 1.812 0.898 0.044 
EDUC4 2.012 0.936 0.032 
EDUC5 2.333 0.897 0.009 
EDUC6 2.797 0.900 0.002 
EDUC7 2.854 0.905 0.002 
TIME 0.516 2.022 0.798 
HIGH -3.268 1.196 0.006 
LOGMINLOW_HIGH 0.400 0.165 0.016 
LOGMINHIGH_HIGH -0.327 0.153 0.033 
HIGH_SUBURBAN 0.748 0.225 0.001 
HIGH_URBAN 0.579 0.248 0.019 
HIGH_AGE 0.001 0.006 0.830 
HIGH_MALE 0.675 0.159 0.000 
HIGH_HISPANIC 0.333 0.293 0.255 
HIGH_BLACK 0.401 0.301 0.183 
HIGH_ASIAN 0.582 0.389 0.135 
HIGH_OTHERS 0.304 0.380 0.423 
HIGH_MARRIED -0.500 0.168 0.003 
HIGH_EMPLOYED -0.334 0.198 0.091 
HIGH_STUDENT -0.462 0.230 0.045 
HIGH_INC2 0.520 0.498 0.296 
HIGH_INC3 -0.068 0.484 0.889 
HIGH_INC4 -0.026 0.466 0.956 
HIGH_INC5 -0.612 0.490 0.212 
HIGH_INC6 -0.258 0.467 0.581 
HIGH_INC7 -0.166 0.484 0.731 
HIGH_INC8 -0.491 0.497 0.323 
HIGH_EDUC2 -0.951 0.904 0.293 
HIGH_EDUC3 -1.400 0.834 0.093 
HIGH_EDUC4 -1.229 0.906 0.175 
HIGH_EDUC5 -1.416 0.831 0.089 
HIGH_EDUC6 -1.676 0.835 0.045 
HIGH_EDUC7 -1.284 0.839 0.126 
HIGH_TIME 1.602 2.392 0.503 



 
 

 70

LOGMINLOW_LOW_TIME 0.191 0.292 0.514 
LOGMINHIGH_LOW_TIME 0.115 0.401 0.775 
SUBURBAN_TIME 0.206 0.320 0.520 
URBAN_TIME 0.712 0.369 0.054 
AGE_TIME -0.026 0.009 0.005 
MALE_TIME 0.259 0.254 0.309 
HISPANIC_TIME -1.005 0.470 0.032 
BLACK_TIME 0.205 0.410 0.618 
ASIAN_TIME 1.537 1.241 0.215 
OTHERS_TIME 0.729 0.697 0.296 
MARRIED_TIME -0.457 0.273 0.094 
EMPLOYED_TIME -0.208 0.307 0.499 
STUDENT_TIME -1.082 0.403 0.007 
INC2_TIME 0.265 0.637 0.677 
INC3_TIME 0.817 0.587 0.164 
INC4_TIME 0.835 0.577 0.148 
INC5_TIME 0.348 0.635 0.583 
INC6_TIME 0.125 0.582 0.830 
INC7_TIME 0.044 0.649 0.946 
INC8_TIME -0.069 0.704 0.922 
EDUC2_TIME 0.297 1.275 0.816 
EDUC3_TIME -0.466 1.214 0.701 
EDUC4_TIME 0.322 1.331 0.809 
EDUC5_TIME -0.188 1.219 0.877 
EDUC6_TIME -0.344 1.233 0.780 
EDUC7_TIME 0.114 1.263 0.928 
LOGMINLOW_HIGH_TIME -0.491 0.307 0.110 
LOGMINHIGH_HIGH_TIME 0.017 0.403 0.966 
HIGH_SUBURBAN_TIME -0.520 0.443 0.241 
HIGH_URBAN_TIME -0.344 0.486 0.479 
HIGH_AGE_TIME 0.013 0.012 0.273 
HIGH_MALE_TIME -0.271 0.316 0.391 
HIGH_HISPANIC_TIME 0.924 0.499 0.064 
HIGH_BLACK_TIME -1.110 0.640 0.083 
HIGH_ASIAN_TIME -0.517 1.210 0.669 
HIGH_OTHERS_TIME 0.188 0.746 0.801 
HIGH_MARRIED_TIME 0.366 0.339 0.280 
HIGH_EMPLOYED_TIME 0.449 0.365 0.219 
HIGH_STUDENT_TIME 0.227 0.468 0.628 
HIGH_INC2_TIME -0.382 0.932 0.682 
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HIGH_INC3_TIME 0.211 0.890 0.812 
HIGH_INC4_TIME -0.535 0.870 0.538 
HIGH_INC5_TIME 0.069 0.937 0.941 
HIGH_INC6_TIME -0.617 0.883 0.485 
HIGH_INC7_TIME -0.600 0.931 0.519 
HIGH_INC8_TIME -0.038 0.942 0.968 
HIGH_EDUC2_TIME 0.648 1.480 0.662 
HIGH_EDUC3_TIME 0.280 1.383 0.839 
HIGH_EDUC4_TIME -0.566 1.572 0.719 
HIGH_EDUC5_TIME 0.338 1.380 0.807 
HIGH_EDUC6_TIME 0.338 1.399 0.809 
HIGH_EDUC7_TIME 0.081 1.420 0.955 

 

 The covariates for which I cannot individually reject the hypotheses that 

they are equal to zero are then tested jointly; and those where I both individually 

and jointly cannot reject a zero value are excluded from a more parsimonious 

version of the model.  The results of the “restricted” model are shown in Table 

3.3.  LOGMINLOW_HIGH is statistically significant, and has a fairly large 

coefficient value, implying a reasonable amount of substitution between dialup 

and broadband through dialup price.  This, combined with the fact that broadband 

price was found to have no statistically significant effect on dialup demand, 

validates the basic hierarchical structure posited in the model.   

 

Table 3.3: Restricted Model (PPO) 

Parameter Estimate Std. Error Prob> |Z| 
Intercept -0.148 0.735 0.840 
LOGMINLOW_LOW -0.557 0.119 0.000 
SUBURBAN 0.068 0.128 0.592 
URBAN 0.071 0.157 0.649 
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AGE -0.033 0.004 0.000 
MALE -0.156 0.102 0.125 
HISPANIC -0.140 0.205 0.494 
BLACK -1.007 0.208 0.000 
ASIAN 0.019 0.264 0.944 
OTHERS -0.237 0.233 0.309 
MARRIED 0.518 0.121 0.000 
EMPLOYED 0.090 0.122 0.459 
STUDENT 0.873 0.187 0.000 
INC2 -0.176 0.275 0.521 
INC3 0.655 0.245 0.008 
INC4 1.074 0.241 0.000 
INC5 0.955 0.247 0.000 
INC6 1.176 0.241 0.000 
INC7 1.787 0.253 0.000 
INC8 1.909 0.259 0.000 
EDUC2 0.823 0.611 0.178 
EDUC3 1.567 0.585 0.007 
EDUC4 1.965 0.626 0.002 
EDUC5 2.185 0.586 0.000 
EDUC6 2.598 0.590 0.000 
EDUC7 2.780 0.598 0.000 
TIME 1.748 0.462 0.000 
HIGH -2.238 0.996 0.025 
LOGMINLOW_HIGH 0.268 0.142 0.059 
LOGMINHIGH_HIGH -0.333 0.140 0.017 
HIGH_SUBURBAN 0.629 0.191 0.001 
HIGH_URBAN 0.510 0.226 0.024 
HIGH_AGE 0.001 0.006 0.898 
HIGH_MALE 0.552 0.135 0.000 
HIGH_BLACK 0.355 0.296 0.231 
HIGH_MARRIED -0.584 0.158 0.000 
HIGH_EMPLOYED -0.313 0.163 0.055 
HIGH_STUDENT -0.394 0.225 0.080 
HIGH_EDUC2 -0.596 0.752 0.428 
HIGH_EDUC3 -1.299 0.708 0.066 
HIGH_EDUC4 -1.355 0.772 0.079 
HIGH_EDUC5 -1.305 0.704 0.064 
HIGH_EDUC6 -1.593 0.708 0.024 
HIGH_EDUC7 -1.315 0.713 0.065 
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HIGH_TIME -0.679 0.553 0.220 
URBAN_TIME 0.612 0.287 0.033 
AGE_TIME -0.025 0.008 0.003 
HISPANIC_TIME -1.133 0.436 0.009 
BLACK_TIME 0.168 0.403 0.676 
MARRIED_TIME -0.575 0.251 0.022 
STUDENT_TIME -0.972 0.386 0.012 
HIGH_URBAN_TIME 0.008 0.348 0.983 
HIGH_AGE_TIME 0.009 0.011 0.400 
HIGH_HISPANIC_TIME 1.434 0.370 0.000 
HIGH_BLACK_TIME -1.121 0.631 0.075 
HIGH_MARRIED_TIME 0.289 0.324 0.373 
HIGH_STUDENT_TIME 0.232 0.469 0.621 

 

The PPO nature of the model is evident by contrasting the fact that age, 

race and income enter the low speed  and high speed decisions in the same way 

(i.e., the there is no statistically significant incremental effect for the high-speed 

threshold relative to the low speed coefficients), while other variables do not.  

This implies that these variables do have statistically significant impacts on 

propensities to use the Internet in general, but no additional impact on the choice 

of broadband vis-a-vis dialup.  Most of the other variables, on the other hand, do 

have different coefficient values in determining low speed and high speed 

purchase decisions.  For example, MALE has a negative – though not statistically 

significant – effect on dialup demand, but has an opposite (and statistically 

significant) effect on broadband demand.21  The finding mirrors earlier results of 

Ch.2 – that men, ceteris paribus, are less likely to be Internet users, but once 

involved, are more likely to opt for broadband.  The latter effect is probably a 

                                                 
21 It is to be noted that the actual value of the MALE coefficient is relatively large, and the failure 
to reject the statistical equivalence to zero is due to a high standard error. 
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confirmation of the general perception of men using high-bandwidth applications 

like online games more than women.   

Being married increases the probability of purchasing dialup access, but 

has no such effect on broadband.  Similarly, being a student has a much stronger 

impact on dialup than broadband demand. 

Interestingly, importance of location in dialup demand is not initially 

obvious, since both URBAN and SUBURBAN are not statistically significant in 

determining the low speed threshold value for Spring 2002. By the Fall of 2002, 

however, both a positive urban and suburban role in stimulating both dialup and 

broadband choice cannot be rejected, and the importance of location becomes 

more apparent. Since this is a demand side framework, it is hard to explain the 

high coefficient values and statistical significance of the urban and suburban 

location indicators, other than as a reflection of growing cultural and social 

networks making Internet and broadband use more attractive to city and suburb 

dwellers than to rural folk.  

One of the key interests behind the exercise was to assess the impact of 

dialup and broadband prices on access demand.  Table 3.3 indicates that they 

affect dialup and broadband demands in the manner hypothesized. These 

coefficients can be interpreted as the price elasticities of the odds ratios at the 

respective thresholds. But as in all logit models, the coefficients are not easily 

translated into conventional elasticities.  To estimate the actual own- and cross-

price elasticities of access demand, I simulated 10 percent increases of MINLOW 
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and MINHIGH in the actual sample of households, and noted the changes in the 

two types of subscription decisions.  Table 3.4 presents the estimates.   

 

Table 3.4: Price Elasticities 

                 Elasticity 
Price Broadband Diaup 

Broadband -0.22 0.10 

Dialup 0.18 -0.31 

 

In Table 3.4, we see that the price elasticity of dialup demand with respect 

to broadband price is 0.1.  This seems counterintuitive at first since the model 

clearly rejected the inclusion of broadband price in the first threshold.  The value 

is really capturing the “switching” effect at the second threshold: when broadband 

price increases by 10 percent, some households which would have otherwise 

chosen broadband choose dialup instead, increasing the number of dialup users by 

1.0 percent.  The own price-elasticity value of -0.31 for dialup captures the 

combined effects at both the thresholds.  When dialup price increases, broadband 

becomes relatively more attractive and some dialup users choose it at the second 

threshold (causing a 1.8 percent increase in broadband households).  But some 

dialup users also drop out of Internet use altogether at the first threshold.  The 

combination adds up to a 3.1 percent total decline in dialup users. 

The results raise the interesting possibility that consolidation in the dialup 

ISP market, and associated price increases for dialup (including the virtual 
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disappearance of various national “free” dialup service plans), as well as declines 

in broadband access prices, have played important roles in stimulating recent 

increases in broadband demand.22 

 

CONCLUSION 

In this chapter, I extend the analysis on the determinants of Internet access 

in general of Chapter 2, to the demand for broadband access.  The study of 

broadband demand is usually hampered by both questionable theoretical 

foundations and lack of price (and service quality) information.23  I sidestepped 

both problems by proposing a simple ordered decision structure which was a 

direct extension of a framework of the preceding chapter.  I also recognize and 

address the issue that broadband service itself may not be available in all areas.  

This methodology allows me not only to assess the effects of a variety of 

                                                 
22 Interestingly, the household-level analysis of this chapter finds supports from state-level data as 
well.  See Appendix B. 
23 The major U.S. government agencies charged with gathering information on the very high 
profile subject of Internet service demand have done a poor job of gathering data on what to any 
economist would be the first variable to come to mind when considering determinants of demand. 
The NTIA sponsored-surveys of computer and Internet use collected data on Internet service 
prices in 1998 and 2000, but then discontinued collecting the data after 2000 (this price data was 
never analyzed in any of the NTIA reports), for reasons that are unclear. Despite its continuing 
interest in broadband and high speed information services, the FCC has apparently never 
attempted to collect sustained data on pricing of these Internet services. The Bureau of Labor 
Statistics has no separate price index for these services, and appears to have made no effort to 
induce the Census to continue collecting this data after 2000, despite the fact that the survey used 
to collect this information was a special supplement to it joint CPS program with Census. Indeed, 
the only government agency that has made any serious attempt to analyze Internet service price 
data is the GAO (and its 2000 study demonstrates that such data could be collected quite easily 
and cheaply, simply by using private market research firms as contractors). 
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consumer attributes on broadband demand, but also to compare them to the 

determinants of demand for dialup service. 

I find evidence that broadband price is indeed a statistically significant 

driver of broadband demand.  While demand is relatively inelastic, the coefficient 

is high enough to indicate a not-inconsequential practical impact.  If this finding is 

supported by additional research, then broadband price declines (and dialup price 

increases) may well have played an important supporting role in explaining some 

portion of recent increases in broadband penetration rates.   

One the other hand, after controlling for price, I find that other non-price 

factors also seem to affect dialup and broadband demand rather differently. I 

reject the hypothesis that effects on choice of low and high speed service are the 

same for marital and student status, gender, and metropolitan location. 

One interesting finding is the stark contrast of urban and suburban 

households with their rural counterparts.  Not only are the rural/urban and 

rural/suburban differences statistically significant in broadband choice, but the 

large coefficient estimates point to these gaps being relatively important.  In short, 

though I find no evidence for a demand-side rural-suburban-urban digital divide 

for basic Internet access, the same cannot be said for broadband.
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Chapter 4: The Demand for Public Access 

 

ABSTRACT 
The ongoing debate on the Digital Divide is centered on improving Internet 
home-access penetration rates through two instruments, price-subsidies and 
capital-subsidies.  In order to assess the cost and benefits of price-subsidies, 
households’ price-elasticity of demand needs to be estimated with a reasonable 
degree of precision.  The provision of capital subsidies would necessitate the 
accurate identification of households which not only need financial support, but 
which want to have Internet access in the first place.  Subsidizing home-access 
can hence be expensive and difficult.  Increasing the availability of public-access 
terminals instead can be an effective alternative for achieving universal access.  
The analysis of this chapter considers public libraries because of their national 
reach and existing Internet service offerings to users.  It finds strong evidence of a 
need-based use of access-facilities at these libraries, and also identifies a clear 
increasing trend in visits over time by patrons for getting online. Upgrading and 
maintaining these facilities would be a better use of funds than indiscriminately 
providing subsidies to households. 

 

 

INTRODUCTION 

The available evidence on the existence and magnitude of the “Digital 

Divide” has been subjective and contentious.  With household penetration having 

crossed 70 percent (Fig.4.1), the question has been rendered somewhat 

irrelevant.1  Greater attention is now being paid to the twin issues of 

marginalization and quality of access. The first deals with the possibility of those 

without Internet access being disproportionately penalized in an increasingly 

                                                 
1 See also http://www.netratings.com/pr/pr_040318.pdf, accessed on 11/11/04. 



 
 

 79

networked world.   The latter focuses on the slow uptake of broadband by 

households and the inadequacy of dialup connections to handle newer, more 

bandwidth-intensive applications.   

 

Figure 4.1: Internet Penetration 

 

Source: eMarketer eStat Database 

 

Discussions on the digital divide suffer from a subtle definitional 

imprecision.  The divide is generally discussed and understood in terms of access 

– as a simple demarcation between the “Have-Nets” and the “Have Nots”.2  It 

should be more precisely defined along three dimensions – access, use, and 

usage.3  The first of these simply states whether an Internet connection is 

available to an individual – from at home, school, work, or elsewhere – and is a 

function of both demand and supply side factors.4  The second, use, is a subset of 

                                                 
2 A more descriptive twist on the more common “Haves” and “Have Nots”, coined, as far as we 
are aware of, by Shazia Faruqui of the LBJ School of Public Affairs, the University of Texas at 
Austin. 
3 We thank the participants of the Policy Research Project “Exploring the Digital Divide: Regional 
Differences in Patterns of Internet Use in the United States” at the LBJ School of Public Affairs, 
the University of Texas at Austin, for the excellent and frequently stormy discussions on the topic.   
4 An individual may not have home access because he might not be able to afford a subscription.  
This would be an example of a demand side factor.  On the other hand, such a service may simply 
not be available in his area of residence, which would thus be a supply side factor. 
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access.  Like access, it is dichotomous, and is defined by whether someone with 

access to the Net actually gets online or not.  Unlike access, it is determined 

entirely on the demand side by personal preferences.  The third, usage, describes 

the surfing habits of individuals, i.e. it focuses on the specific online contents a 

user is interested in. 

The digital divide is usually assumed to be synonymous with the issue of 

access.  The majority of policy debates, including those on broadband and the 

question of bringing the Internet under the umbrella of the Universal Service 

Fund, implicitly assume the divide to exist due to a combination of unavailability 

of service and inability to pay for the service if available.  This ignores one key 

non-financial demand-side consideration, viz. personal preferences; the gap 

between access and use statistics points to the fact that people may decide not to 

have access simply because they do not want to use the Net.  Data from the 

Computer and Internet Use supplements for 1998, 2000, and 2001 to the Current 

Population Survey conducted by the Census Bureau reveal a consistent gap 

between home-access and use.  In other words, a large percentage of people do 

not get online even though they have access at home.  In addition, according to 

the oft-quoted A Nation Online report by the National Telecommunications and 

Information Administration (NTIA), 20 percent of households do not have 

Internet connection at home simply because “[they] Don’t want it”.5 

This point extends to broadband as well, now that policy-discussions have 

moved on from subsidizing ordinary dialup connections.  People’s usage patterns 

                                                 
5 http://www.ntia.doc.gov/ntiahome/dn/html/Chapter8.htm, Table 8-3.  Accessed on 11/11/04. 
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differ widely within dialup and broadband, but are remarkably similar across 

these two modes (Fig. 4.2).  High-bandwidth applications like games and music 

downloads – the drivers of broadband demand in popular perception – are tiny 

fractions of overall activities.  Even the difference in bandwidth-thirsty online 

games between dialup (4.4%) and broadband (5%) is minuscule – further 

evidence that people may not be willing to upgrade to broadband simply because 

they are perfectly content with dialup.6  It is worth keeping in mind that 

subsidizing broadband nationwide is a much more expensive proposition than 

subsidizing dialup. 

 

 

 

 

 

 

 

 

                                                 
6 This is not to say that broadband has no future.  On the contrary, dialup service may can be 
expected to be dominated by broadband in the near future.  Our point is that dialup may be 
perfectly adequate for many people in the context of the current socio-demographic distribution. 
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Figure 4.2: Internet Usage Patterns 

 
 

Source: eMarketer eStat Database 
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In the US, “access” primarily means home-access. Thus, discussions on 

how to close the digital divide focus mainly on price subsidies.  Internet cafés are 

virtually non-existent, and wireless “public” access-points cater only to those who 

own laptops.  This is unfortunate, since evidence points to a strong correlation 

between income and home-access.7  Price, on the other hand, seems to pose a 

lower barrier.8  In other words, the barrier seems to be the one-time capital costs 

for a computer rather than the recurring but relatively modest service charge. 

A blanket-subsidy – whether on price or computer equipment – would be 

prohibitively expensive.  A targeted subsidy would have to solve the problem of 

correctly identifying the needy households.  It would have to be directed to only 

those households which not only need such financial support, but are actually 

interested in having an Internet connection.  The truly “public” access points – 

libraries and community centers – are important in this context because they have 

the huge advantage of the users of their facilities being self-selecting. 

Of the two, libraries are by far the more important.  The US public library 

system is unique in the world in terms of reach, scope, and for the users, value.  

Over 43,000 librarians manage over 17,000 outlets, which in turn hold over 760 

million books and serial volumes and over 54 million audio and video materials 

and film.  The total operating income for the year 2000 was over $7.7bn (Table 

4.1).  These are astonishing numbers by any measure.  Public libraries are also 

free, and the overwhelming majority – if not all of them – offer Internet access.  

                                                 
7 Chaudhuri, Flamm and Horrigan (2005), Kridel, Rappoport and Taylor (1999),  NTIA (1995, 
1998, 1999, 2000, 2002). 
8 Chaudhuri, Flamm and Horrigan (2005), Kridel, Rappoport and Taylor (1999). 
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In other words, the backbone infrastructure for public Internet service provision 

already exists through them.  In a departure from mainstream discourse, this 

chapter tries to shed light on access from public libraries as an alternative to 

home-access. 

 

Table 4.1: General Statistics of Public Libraries (2000)9 
       Table 422.--General statistics of public libraries, by population of legal service area:  2000

_________________________________________ _ ___________ _ ________ _ __________ _ ________ _ __________ _ ________ _ __________
|                       Population of legal service area

 | ___________ _ ________ _ __________ _ ________ _ __________ _ ________ _ __________
Item | | | 10,000 | 50,000 | 100,000 | 250,000 | 500,000

| Total | Under | to | to | to | to | and
| | 10,000 | 49,999 | 99,999 | 249,999 | 499,999 | over

_________________________________________ | ___________ | ________ | __________ | ________ | __________ | ________ | __________
1 | 2 | 3 | 4 | 5 | 6 | 7 | 8

_________________________________________ | ___________ | ________ | __________ | ________ | __________ | ________ | __________
  Number of public library service outlets| 17,182 | 5,749 | 4,205 | 1,790 | 2,140 | 1,108 | 2,190

| ___________ | ________ | __________ | ________ | __________ | ________ | __________
Central libraries ........................| 8,915 | 5,423 | 2,582 | 499 | 281 | 73 | 57
Branch libraries .........................| 7,383 | 255 | 1,326 | 1,113 | 1,693 | 964 | 2,032
Bookmobiles ..............................| 884 | 71 | 297 | 178 | 166 | 71 | 101

| =========== | ======== | ========== | ======== | ========== | ======== | ==========
Collections, in thousands | | | | | | |

| | | | | | |
Books and serial volumes\1\...............| 760,513 | 99,639 | 185,480 | 91,633 | 112,461 | 75,126 | 196,173
Audio and video materials and films ......| 54,021 | 5,456 | 13,020 | 6,662 | 8,241 | 5,184 | 15,458
Serial subscriptions .....................| 1,944 | 276 | 487 | 209 | 254 | 193 | 523

| =========== | ======== | ========== | ======== | ========== | ======== | ==========
Paid staff, in full-time equivalents | | | | | | |

| | | | | | |
Librarians ...............................| 43,118 | 6,016 | 11,317 | 5,156 | 6,018 | 4,195 | 10,416
  Librarians with ALA-MLS\2\ .............| 29,519 | 1,221 | 6,904 | 3,761 | 4,858 | 3,441 | 9,334
Other staff ..............................| 86,984 | 5,479 | 20,404 | 11,770 | 15,787 | 9,492 | 24,053

| =========== | ======== | ========== | ======== | ========== | ======== | ==========
Income, in thousands | | | | | | |

| | | | | | |
Total operating income ...................| $7,702,768 | $499,840 | $1,744,932 | $967,817 | $1,246,162 | $858,994 | $2,385,022

| ___________ | ________ | __________ | ________ | __________ | ________ | __________
    Source of operating income |   Percentage distribution

| ___________ _ ________ _ __________ _ ________ _ __________ _ ________ _ __________
    Total ................................| 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
  Federal\3\ .............................| 0.7 | 1.5 | 0.6 | 0.6 | 0.7 | 0.6 | 0.9
  State ..................................| 12.8 | 7.8 | 12.3 | 15.2 | 11.6 | 13.0 | 13.3
  Local ..................................| 77.1 | 69.3 | 77.4 | 76.0 | 80.2 | 79.0 | 75.9
  Other and private ......................| 9.4 | 21.4 | 9.8 | 8.2 | 7.5 | 7.4 | 10.0
_________________________________________ | ___________ | ________ | __________ | ________ | __________ | ________ | __________
\1\ Some data are different from other tables due to a different population base.
\2\ALA-MLS=A master's degree from a graduate library education program accredited by the American Library
Association (ALA).
\3\Excludes some federal funds received through state library agencies.

NOTE:  Detail may not sum to totals due to rounding.  Data include imputations for nonresponse.

SOURCE:  U.S. Department of Education, National Center for Education Statistics, Public Libraries in the 
United States:  FY 2000.  (This table was prepared August 2002.)  

 

CHAPTER OBJECTIVES 

The above discussion points to the fact that discussions on alleviating the 

digital divide should not center only on home-access.  People get online from a 

                                                 
9 National Center for Education Statistics: http://nces.ed.gov/programs/digest/d02/dt422.asp, 
accessed on 07/25/05. 
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variety of access points, and the ones which are free to the user should benefit 

those who cannot afford a connection at home greatly.  Exploring such avenues 

make sense from a policy standpoint since subsidizing home-access may be either 

unwarranted, or be prohibitively expensive.   

Public libraries are important in this context because of their reach 

throughout the nation and because the overwhelming majority of them already 

offer free access to the Internet for their patrons.  Indeed, it may be hypothesized 

that such offerings have become an integral part of the basket of traditional library 

services, and may be attracting visitors on their own merit.  This chapter thus has 

the following objectives: 

(i) Profile the users of Internet services at public libraries along 

sociodemographic characteristics.  

(ii) Ascertain the impact of free Internet service to the annual number of 

library visits by users. 

(iii) Estimate the efficacy of subsidizing Internet services vis-à-vis 

traditional service offerings. 

 

FORMS OF PUBIC ACCESS 

It seems reasonable to presume that household Internet penetration rates 

for countries would be strongly correlated with per capita income levels.10  The 

                                                 
10 In theory, this is a testable hypothesis.  To the best of my knowledge, no work has yet been 
done on it.  Chinn and Fairlie (2004) find that Internet penetration is strongly driven by income.  
However, they use the World Telecommunication Indicators Database from the International 
Telecommunications Union, which defines penetration in terms of use.  Perfectly appropriate for 
the focus of their paper, it does not address the point I raise here. 
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relationship between income and the rate of Internet use from outside of home is 

probably less clear.  Public access is a more complicated function of infrastructure 

on the supply side, and demand side variables which presumably include 

unmeasureables like social and cultural habits.  Indeed, the South Koreans have 

managed to transform the humble Internet café into a hip center for socialization – 

despite having one of the highest home-penetration rates in the world.11 The 

Japanese, on their part, appear to get online from an impressive array of locations 

(Fig 4.3).   

 

 

 

 

 

 

 

 

 

                                                 
11 http://www.wired.com/wired/archive/10.08/korea.html, accessed on 11/11/04. 
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Figure 4.3: Public Access Points (Japan) 

 

Source: eMarketer eStat Database 

 

Most Americans have limited options in accessing the Net from outside of 

home.  For those fortunate enough to be in the right profession, the place of work 

doubles as an access-location (Table 4.2).  Most students get online from school, 

though anecdotal evidence suggests it involves an element of competition.12  As 

mentioned before, there do exist “public” wireless hotspots, but most of them are 

                                                 
12 High student-terminal ratios are not the only deterrents.  Other barriers include quality of 
access, school policies, and stringent use of filtering software.  See 
http://www.pewinternet.org/pdfs/PIP_Schools_Internet_Report.pdf, accessed on 11/11/04. 
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fee-based, and the necessary prerequisite for using one is ownership of a laptop 

with a wireless card.  This, by definition, leaves out the poorer segments of the 

population, in which this chapter is more interested.  The choice set for most 

people is restricted to public libraries and community centers.   

 

Table 4.2: Proportion Access at Work, by Occupation13 

OCCUPATION DEC 1998 AUG 2000 
Officials & administrators, pub. admin. 0.46 0.50 

Other executive, admin. & managerial 0.35 0.43 

Management related occupations 0.42 0.51 

Engineers 0.56 0.61 

Mathematical and computer scientists 0.65 0.72 

Natural Scientists 0.60 0.66 

Health diagnosing occs. 0.30 0.40 

Health assessment and treatment occs. 0.16 0.21 

Teachers, college and university 0.54 0.64 

Teachers, except college and university 0.31 0.39 

Lawyers and judges 0.46 0.61 

Other professional specialty occs. 0.33 0.39 

Health technologists and technicians 0.09 0.18 

Engineering and science technicians 0.39 0.38 

Technicians, exc. health,engin.&science 0.46 0.58 

Supervisors and proprietors, sales occs 0.18 0.23 

Sales reps, finance and business serv. 0.34 0.42 

Sales reps, commodities, exc. retail 0.25 0.33 

Sales workers, retail & personal serv. 0.05 0.10 

Sales related occs 0.00 0.08 

Supervisors, admin. support 0.29 0.34 

Computer equipment operators 0.36 0.34 

Secretaries, stenographers, and typists 0.24 0.33 

Financial records processing 0.18 0.24 

                                                 
13 Source Data: Internet and Computer Use, Current Population Survey, Bureau of Labor 
Statistics and Bureau of the Census.  Available at 
http://www.bls.census.gov/cps/computer/computer.htm.  Accessed on 04/12/2005. 
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Mail and message distributing 0.05 0.07 

Other admin support, inc. clerical 0.18 0.25 

Private household service occs 0.01 0.04 

Protective service 0.15 0.19 

Food service 0.02 0.02 

Health service 0.04 0.05 

Cleaning and building service 0.02 0.04 

Personal service 0.04 0.05 

Mechanics and repairers 0.13 0.15 

Construction trades 0.04 0.04 

Other precision prod., craft, & repair 0.08 0.12 

Machine opertrs and tenders,exc precis. 0.03 0.04 

Fabricatrs,assemblrs,inspectrs,samplrs 0.04 0.06 

Motor vehicle operators 0.03 0.05 

Other transp. & material moving occs 0.02 0.05 

Construction laborers 0.01 0.03 

Freight, stock & materials handlers 0.02 0.03 

Oth handlrs,equip.cleanrs,helprs,labrrs 0.03 0.04 

Farm operators and managers 0.02 0.03 

Farm workers and related occupations 0.01 0.04 

Forestry and fishing occs 0.04 0.05 

 

Table 4.3 presents data from the Internet and Computer Use supplements 

for December 1998 and August 2000 to the Current Population Survey (CPS), 

conducted by the US Census Bureau.  Each of these surveys covered 

approximately 50,000 households and asked questions on a wide range of topics.  

The response which tops the list of places of access outside of home is “from 

work”.  The numbers for “school” may appear to be surprisingly low, but can be 

explained by the fact that the CPS, designed to answer labor/employment queries, 

only considers individuals aged 16 and above.  The figures for “public libraries” 

and “community centers”, especially the latter, are extremely low.  But there 

appears to be an increasing trend for using the Net from libraries – from 1.42 



 
 

 90

percent in 1998 to 1.80 percent in 2000.  This is a point to be noted and will 

resurface later on in this chapter. 

 

Table 4.3: Access from Outside of Home14 

PLACE Dec-98 Aug-00
Work 12.65 16.2 
Kto12 1.9 2 
OtherSchool 2.38 1.99 
PublicLibrary 1.42 1.8 
CommunityCenter 0.11 0.11 
SomeoneElsesComputer 2.55 2.92 
SomewhereElse 0.58 0.67 

 

The Internet-use numbers for community centers are a fraction of even 

those for public libraries, and do not appear to be increasing over time.  Though 

there might be many underlying reasons, one in particular is very plausible.  

Community centers are typically much smaller operations, and have far more 

limited and erratic sources of revenue.  They also serve localized and narrow 

clienteles.  Consequently, they have neither a national umbrella organization nor a 

collective social agenda.  This is in marked contrast to public libraries, supervised 

by the American Library Association and the Public Library Association, with 

their avowed goals of educating, serving and connecting.  From a policy 

standpoint, public libraries are hence more worthy of attention and targeting than 

                                                 
14 Ibid. 
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community centers.  From this point on, this chapter considers only libraries as 

places of public access. 

From a pragmatic point of view, spending a great deal of time, energy, and 

money to reach approximately 2 percent of the population (Table 3, August 2000) 

would appear to be a venture of dubious merit.  But if the question is rephrased 

from another angle as whether the needs of at least six million people in the 

nation are worth considering, the answer becomes self-evident.  The Internet 

touches almost all aspects of modern life, but assumes special significance in the 

social sense in at least two fields.  The first, education, is generally associated 

with upward social and economic mobility.  Free public access would be 

invaluable for students who cannot afford a connection at home.  The second 

argument concerns e-government.  Contrary to fashionable claims, the Internet is 

not quite indispensable for participatory democracy yet.  But it undoubtedly 

simplifies many of the burdens of citizenship, from renewing driver’s licenses to 

paying taxes.  The delivery mechanisms of government services should be as 

unbiased as possible and feasible.  Clearly, for those without Internet access, a 

bias would be built in. 

If the government is to ensure online access to its services to all citizens, 

fiscal prudence dictates it try to do so at the least expense to the taxpayer.  Public 

libraries present a particularly cost-effective option for providing e-services to 

anyone willing to use them.  This point becomes incontestable when considering 

both the coverage of public libraries – 8,915 central and 7,383 branch libraries 
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covering the whole country15 - and the alternatives, e.g. subsidizing home-access.  

Subsidies are very inefficient economic instruments, and the more ambitious the 

target, the greater usually is the distortion and leakage.   

 

PROFILES OF USERS 

We hypothesize that funding access to the Internet at public libraries 

would be well-targeted because (a) a demand for online services exists among the 

sections of the population who cannot afford home-access, and (b) this demand 

can be met through public libraries cheaply and efficiently.  The obvious problem 

with this theory is that social, demographic and economic profiles of the users of 

traditional library services may well be very different from the target population.  

In general, one expects library users – apart from children – to be relatively well 

educated.  But the well-educated also tend to be wealthier.  This raises the 

possibility of funding Internet connections at libraries being misdirected.   

We forward a “differential-use hypothesis” of library services against this 

likelihood.  The supply of access points in any library is bound to be low in 

comparison with the demand.  It is more than likely that those who already have 

home-access would not find it worth their while to compete with those without.  

We thus expect the use of online services to be skewed towards the lower income 

brackets; the patrons of traditional services – books, magazines, etc. – should 

continue conforming to the traditional profile. 

                                                 
15 See Table 3. 
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Table 4.4 presents the output from a logistic regression in which we model 

the probability of an individual getting online from a public library as a function 

of personal characteristics, state of residence, and time.  Except for PRTAGE, the 

variable denoting age, all other covariates are categorical. The baseline for 

income is people earning $75,000 and above per year.  The base for the other 

principal variable of interest, race, is “white”.   

 

Table 4.4: Binary Logit of Getting Online at Public Libraries16 

Label Label Estimate p-value Odds-Ratio
Intercept   -4.534 <.0001  
HOMEACCESS Have access to the Net at home -0.858 <.0001 0.424 
HETELHHD1 Home has telephone line 0.146 0.133 1.158 
 Education: Base = No High School    
EDUC2 Some High School 0.675 <.0001 1.963 
EDUC3 High School Grad/GED 0.845 <.0001 2.327 
EDUC4 Some College 1.374 <.0001 3.951 
EDUC5 Bachelor's 1.891 <.0001 6.624 
EDUC6 Master's 2.325 <.0001 10.229 
EDUC7 Beyond Master's 2.226 <.0001 9.260 
 Income: Base = $75,000+/pa    
INC1 <$10,000 0.241 0.007 1.272 
INC2 $10,000 – $19,999 0.302 0.000 1.353 
INC3 $20,000 – $34,999 0.252 0.000 1.287 
INC4 $35,000 – $49,999 0.114 0.102 1.121 
INC5 $50,000 – $74,999 0.083 0.209 1.087 
 Race: Base = White    
PERACE2 Black 0.259 <.0001 1.296 
PERACE3 American Indian, Aleut, or Eskimo -0.010 0.949 0.990 
PERACE4 Asian or Pacific Islander -0.035 0.733 0.965 
PRTAGE Age -0.038 <.0001 0.962 
PESEX2 Sex: Female 0.094 0.032 1.098 
PRHSPNON1 Hispanic Origin: Hispanic -0.314 0.000 0.731 
 Marital Status: Base = Married, with spouse present    
PEMARITL2 Married, spouse absent 0.059 0.787 1.061 
PEMARITL3 Widowed -0.154 0.370 0.858 
PEMARITL4 Divorced 0.378 <.0001 1.460 

                                                 
16 Ibid. 
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PEMARITL5 Separated 0.515 0.000 1.673 
PEMARITL6 Never married 0.341 <.0001 1.407 
STUDENT Student Status: Studend 0.663 <.0001 1.941 
DISABLED Disability Status: Disabled -0.253 0.071 0.777 
 Occupation: Base = Unemployed + Not in labor force    
OCCUPATION1 Officials & administrators, pub. admin. -0.232 0.477 0.793 
OCCUPATION2 Other executive, admin. & managerial -0.494 <.0001 0.610 
OCCUPATION3 Management related occupations -0.308 0.027 0.735 
OCCUPATION4 Engineers -0.526 0.022 0.591 
OCCUPATION5 Mathematical and computer scientists 0.014 0.938 1.014 
OCCUPATION6 Natural Scientists -0.772 0.047 0.462 
OCCUPATION7 Health diagnosing occs. -1.006 0.010 0.366 
OCCUPATION8 Health assessment and treatment occs. -0.346 0.034 0.708 
OCCUPATION9 Teachers, college and university -0.034 0.873 0.967 
OCCUPATION10 Teachers, except college and university -0.030 0.788 0.970 
OCCUPATION11 Lawyers and judges -0.596 0.069 0.551 
OCCUPATION12 Other professional specialty occs. 0.117 0.270 1.124 
OCCUPATION13 Health technologists and technicians -0.155 0.443 0.857 
OCCUPATION14 Engineering and science technicians -0.335 0.225 0.715 
OCCUPATION15 Technicians, exc. health,engin.&science -0.141 0.530 0.869 
OCCUPATION16 Supervisors and proprietors, sales occs -0.617 0.000 0.539 
OCCUPATION17 Sales reps, finance and business serv. -0.447 0.024 0.639 
OCCUPATION18 Sales reps, commodities, exc. retail -0.627 0.035 0.534 
OCCUPATION19 Sales workers, retail & personal serv. -0.200 0.042 0.819 
OCCUPATION20 Sales related occs 0.325 0.750 1.385 
OCCUPATION21 Supervisors, admin. support -0.679 0.135 0.507 
OCCUPATION22 Computer equipment operators -0.111 0.809 0.895 
OCCUPATION23 Secretaries, stenographers, and typists -0.518 0.007 0.596 
OCCUPATION24 Financial records processing -0.445 0.054 0.641 
OCCUPATION25 Mail and message distributing -0.287 0.375 0.750 
OCCUPATION26 Other admin support, inc. clerical -0.070 0.421 0.932 
OCCUPATION27 Private household service occs 0.425 0.071 1.529 
OCCUPATION28 Protective service 0.250 0.111 1.284 
OCCUPATION29 Food service -0.208 0.038 0.812 
OCCUPATION30 Health service -0.226 0.182 0.797 
OCCUPATION31 Cleaning and building service -0.180 0.303 0.836 
OCCUPATION32 Personal service -0.223 0.161 0.800 
OCCUPATION33 Mechanics and repairers -0.307 0.057 0.735 
OCCUPATION34 Construction trades -0.704 <.0001 0.495 
OCCUPATION35 Other precision prod., craft, & repair -0.389 0.035 0.677 
OCCUPATION36 Machine opertrs and tenders,exc precis. -0.302 0.067 0.740 
OCCUPATION37 Fabricatrs,assemblrs,inspectrs,samplrs -0.648 0.006 0.523 
OCCUPATION38 Motor vehicle operators -0.439 0.015 0.644 
OCCUPATION39 Other transp. & material moving occs -1.471 0.004 0.230 
OCCUPATION40 Construction laborers -0.867 0.037 0.420 
OCCUPATION41 Freight, stock & materials handlers -0.010 0.950 0.990 
OCCUPATION42 Oth handlrs,equip.cleanrs,helprs,labrrs -0.163 0.373 0.849 
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OCCUPATION43 Farm operators and managers -0.303 0.328 0.738 
OCCUPATION44 Farm workers and related occupations -0.306 0.129 0.737 
OCCUPATION45 Forestry and fishing occs 0.323 0.533 1.381 
 State: Base = Texas    
GESTFIPS1 AL -0.108 0.597 0.898 
GESTFIPS2 AK 0.491 0.012 1.634 
GESTFIPS4 AZ 0.356 0.048 1.428 
GESTFIPS5 AR -0.250 0.276 0.779 
GESTFIPS6 CA 0.034 0.786 1.034 
GESTFIPS8 CO 0.603 0.000 1.827 
GESTFIPS9 CT 0.618 0.002 1.854 
GESTFIPS10 DE -0.118 0.642 0.889 
GESTFIPS11 DC 0.062 0.762 1.064 
GESTFIPS12 FL 0.352 0.007 1.422 
GESTFIPS13 GA -0.347 0.109 0.707 
GESTFIPS15 HI -0.347 0.241 0.707 
GESTFIPS16 ID 0.816 <.0001 2.262 
GESTFIPS17 IL 0.236 0.085 1.266 
GESTFIPS18 IN 0.071 0.741 1.073 
GESTFIPS19 IA 0.563 0.002 1.757 
GESTFIPS20 KS 0.905 <.0001 2.472 
GESTFIPS21 KY -0.731 0.014 0.481 
GESTFIPS22 LA 0.157 0.413 1.170 
GESTFIPS23 ME 0.494 0.014 1.639 
GESTFIPS24 MD 0.340 0.096 1.406 
GESTFIPS25 MA -0.073 0.683 0.930 
GESTFIPS26 MI 0.402 0.004 1.494 
GESTFIPS27 MN 0.553 0.001 1.738 
GESTFIPS28 MS -0.581 0.025 0.559 
GESTFIPS29 MO 0.306 0.126 1.357 
GESTFIPS30 MT 0.176 0.351 1.192 
GESTFIPS31 NE 0.395 0.029 1.485 
GESTFIPS32 NV -0.281 0.245 0.755 
GESTFIPS33 NH 0.006 0.982 1.006 
GESTFIPS34 NJ 0.199 0.205 1.220 
GESTFIPS35 NM 0.368 0.045 1.445 
GESTFIPS36 NY 0.123 0.338 1.131 
GESTFIPS37 NC -0.131 0.465 0.877 
GESTFIPS38 ND -0.166 0.451 0.847 
GESTFIPS39 OH 0.650 <.0001 1.915 
GESTFIPS40 OK 0.152 0.439 1.164 
GESTFIPS41 OR 0.558 0.003 1.747 
GESTFIPS42 PA 0.065 0.662 1.067 
GESTFIPS44 RI 0.367 0.079 1.443 
GESTFIPS45 SC -0.056 0.807 0.945 
GESTFIPS46 SD 0.225 0.234 1.253 
GESTFIPS47 TN -0.373 0.148 0.689 
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GESTFIPS49 UT 0.817 <.0001 2.263 
GESTFIPS50 VT -0.493 0.110 0.611 
GESTFIPS51 VA 0.057 0.769 1.059 
GESTFIPS53 WA 0.826 <.0001 2.283 
GESTFIPS54 WV 0.273 0.163 1.314 
GESTFIPS55 WI 0.619 0.000 1.857 
GESTFIPS56 WY 0.931 <.0001 2.537 
 Time: Base = Dec-98    
YEAR Aug-00 0.455 <.0001 1.577 

 

 

Some conclusions stand out even in this simplified picture.  First, it would 

appear that our differential-use hypothesis stands vindicated.  HOMEACCESS, 

which is an eponymous binary variable, has the postulated negative sign, is 

statistically significant, and has an odds-ratio of 0.42.  The impression of need-

based use of the terminals at the libraries is reinforced by the trend of the income-

dummies.  In theory, since all resources in the libraries are equally available to 

everyone regardless of income, the use of these resources should exhibit a 

perfectly uniform distribution.  That does not appear to be the case for Internet 

use.  Instead, we can see a clear trend of poorer people getting online relatively 

more, in direct contrast to all current knowledge regarding home-access.17 

Blacks seem to be more likely than whites to get online for free from 

public libraries, again in contrast to the accepted picture for home-access.18  

Curiously, Hispanics appear to be less likely than non-Hispanics to get online, and 

the effect is statistically highly significant.  Since the regression already controls 

                                                 
17 Chaudhuri, Flamm and Horrigan (2005), Kridel, Rappoport and Taylor (1999),  NTIA (1995, 
1998, 1999, 2000, 2002). 
18 Ibid. 
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for income and education, we tentatively posit a combination of cultural and 

linguistic factors.   

Table 4.4 also points to the pervasiveness of the Internet in the workplace.  

Among all the occupation categories, only OCCUPATION27 – those employed in 

providing household services – are more likely than the unemployed or out-of-

labor-force individuals to get online at libraries.  The large variation across the 

states is also noteworthy.  Only Kansas and Kentucky is worse off than the 

baseline, Texas.  Among the states where the difference from Texas is statistically 

significant, the odds-ratio ranges from 1.512 for Montana to 2.826 for Wyoming.   

The increase in the number of people getting online from libraries from 

1998 to 2000 was noted earlier on, despite the sample-size being smaller in 2000. 

This positive and statistically significant year-effect is the single most striking 

outcome of the logistic regression.  An odds-ratio of 1.6 over a period of less than 

two years shows a remarkable increase in the inclination to get online from public 

libraries.  This fact has attracted little attention among either academics or policy 

practitioners, and forms the subject matter of the next section. 

 

THE DRAW OF THE NET 

The National Center for Education Statistics conducts an annual survey of 

the approximately 9000 public library-systems in the nation.19  These surveys are 

a rich source of information on a number of aspects of the management of these 

libraries, including funding sources and expenditure streams, hours of operation, 

                                                 
19 http://www.nces.ed.gov/surveys/libraries/DataFiles.asp#Pub, accessed on 02/20/05. 
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facilities available and programs offered, and the usage of these facilities.  To the 

best of our knowledge, these data sets have not been exploited in any 

comprehensive way. 

Fig. 4.4 summarizes three pieces of information.  The knotted “circle-join” 

line tracks the average number of visitors per library-system from 1992 to 2002. 

The numbers superimposed on the knots of the line indicate the percentages of 

libraries, from 1995 to 2002, with Internet access available for public use.20   The 

second “square-join” line captures the average number of public-use terminals 

connected to the Internet, from 1998 to 2002.   

 

 

 

 

 

 

 

 

                                                 
20 It should be noted that these numbers correspond only to the years, and are not scaled to either 
of the vertical axes. 



 
 

 99

Figure 4.4: Computers and Library Visits, Average 

 

Source Data: National Center for Education Statistics 

 

Fig. 4.4 seems to suggest, at least from 1995 onwards, a strong correlation 

between the availability of public-access facilities and the increase in the number 

of visits.  It is also interesting that there was a steep rise in visits between 1995 

and 1997, when there was a substantial increase in the availability of these 

facilities, the percentage of libraries offering access facilities increasing from 49 

to 77 percent.  Such a speculation does not apply before 1995 because no 

information is available.  Such an effect – even had it existed – would 

undoubtedly have had a lesser impact because the Internet itself was hardly 

common knowledge before 1995. 
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Though suggestive of a clear pattern, Fig. 4.4 does not reveal any micro 

library-level information.  A random search unmasks a much more erratic reality.  

Fig. 4.5 tracks the number of visitors and terminals available for four libraries: (i) 

Alpha Park P.L.D. in Illinois, (ii) Sheridan County Library in Wyoming, (iii) 

Boundary County District Library in Idaho, and (iv) Harrison Memorial Library 

in California.21  These patterns, though still suggestive, appear to muddy the 

waters of causality. 

 

Figure 4.5: Computers and Library Visits, Selected 

 

 

                                                 
21 In the data sets, their respective IDs (FSCSKEY) were IL0007, WY0007, ID0010, and CA0021. 
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This is not surprising; any claims to library visits being dependent solely 

on the availability of computers with Internet access would be patently absurd.  A 

library is principally a repository for reading material, with audio-visual material 

also featuring prominently. Over time, libraries have metamorphosed into 

complete community education centers, featuring exhibitions, lectures, tours, and 

classes for adults and children alike.  Thus, in order to estimate the drawing power 

of Internet access on library visitors, we need to filter out the effects of the other 

major attractions. 

In order to model the use of Internet facilities at libraries, ideally, one 

would need the information on both individual and library characteristics. Such 

information was not available, but we do have the next best alternative – detailed 

information on the number of visits and facilities for virtually all the public 

libraries in the nation over a period of five years, from 1998 to 2002.  This data is 

used to model the number of visits to the libraries as a function of the number of 

computers connected to the Internet available for public use, along with other 

control variables. 

One problem with the NCES data is that the number of visits is not broken 

down by central and branch libraries.  Nor does the information on the number of 

computers indicate how many are in the central library and how many are in the 

branches.  Thus, our outcome variable is VISITSPERLIB, the total number of 

annual visits per library system.  That is, we take each observation as a library 

system, and calculate the proportion of the number of annual visits to the sum of 

central and branch libraries.  Similarly, COMPPERLIB denotes the number of 
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terminals from which patrons can get online, as a proportion of the total number 

of libraries in the system. 

The conventional attractions of a library are books, audio and video 

collections, and magazine subscriptions; the respective measures for them in the 

model are BOOKSPERLIB, AUDIOPERLIB, VIDEOPERLIB and 

SUBSCRIPPERLIB. We hypothesize that longer hours of operation would be 

convenient for library users, and would attract a higher number of visitors, ceteris 

paribus.  Hence the model also includes HRSOPENPERLIB, the total annual 

number of hours of operation, weighted by the number of libraries in the system.  

We also include the total number of library staff, TOTSTAFFPERLIB, for the 

convenience factor, since extra helping hands should translate to greater ease of 

use of the available facilities.   

The fortunes of public libraries depend on local, state, and Federal factors.  

Of these, local effects would be too disaggregated and diverse to be usefully 

studied, and Federal factors, at least in theory, would affect all libraries equally.  

The state-level differences should be of particular interest because there are large 

differences between the states not only in physical, economic, or demographic 

factors, but in terms of policies as well.  In order to track this, we include state-

dummies with Texas as the base.22    Finally, to capture the secular trend in the 

number of visits over the years, we include time-dummies for the four years from 

1999 to 2002.   Our complete model is: 

 

                                                 
22 Texas was chosen because of its size and because it is generally considered to be a “middle” 
state in terms of socio-economic status. 
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VISITSPERLIB = β0 + β1COMPERLIB + β2COMPERLIBSQ + β3BOOKSPERLIB + 

β4AUDIOPERLIB + β5VIDEOPERLIB + β6SUBSCRIPPERLIB + 

β7TOTSTAFFPERLIB + β8HRSOPENPERLIB + TIMEγ + STATEδ 

+ μ 

 

where TIME is the (4xn) vector of time and STATE is the(53xn) vectors of 

states, and μ is the random error term.  It should be noted that library visits are 

modeled as a quadratic function of the number of computers only, and not of any 

other variable.   

Table 4.5 presents the regression output.23  The overall model fit is high, 

with an adjusted-R2 of 0.8. Both the first- and second-order effects of 

COMPPERLIB are highly statistically significant; the first is positive while the 

second, as may be expected, is negative.  The magnitude of the coefficient of the 

linear term is surprisingly large, and that of the quadratic term is quite low in 

comparison.  This implies that except beyond unrealistically large values, an 

additional computer would have a perceptively high positive impact on library 

visits. 

 

Table 4.5: OLS of Visitors per Library System 

Variable Parameter Standard
Error 

Pr > |t| 95% Confidence Limits 

Intercept -17100.000 1058.425 <.0001 -19174.000 -15025.000 
COMPPERLIB 1913.229 53.999 <.0001 1807.390 2019.067 
COMPPERLIBSQ -16.243 0.716 <.0001 -17.647 -14.839 

                                                 
23 The names of the variables significant at the 10% level are printed in bold. 
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BOOKSPERLIB 0.437 0.011 <.0001 0.416 0.459 
AUDIOPERLIB 0.941 0.129 <.0001 0.689 1.194 
VIDEOPERLIB 3.589 0.172 <.0001 3.252 3.926 
SUBSCRIPPERLIB 10.416 1.346 <.0001 7.778 13.055 
TOTSTAFFPERLIB 4172.905 57.255 <.0001 4060.685 4285.125 
HRSOPENPERLIB 6.532 0.296 <.0001 5.952 7.112 
TIME1999 -2182.362 673.351 0.001 -3502.145 -862.579 
TIME2000 -4234.133 673.920 <.0001 -5555.032 -2913.234 
TIME2001 -6344.749 682.280 <.0001 -7682.033 -5007.465 
TIME2002 -6730.376 692.956 <.0001 -8088.585 -5372.167 
STABRAK 5547.685 2229.361 0.013 1178.087 9917.284 
STABRAL -42.867 1455.601 0.977 -2895.879 2810.145 
STABRAR 10118.000 2731.165 0.000 4764.824 15471.000 
STABRAZ 22679.000 3080.254 <.0001 16641.000 28716.000 
STABRCA 48565.000 1588.578 <.0001 45452.000 51679.000 
STABRCO 17114.000 1735.414 <.0001 13713.000 20516.000 
STABRCT 10605.000 1704.078 <.0001 7265.347 13945.000 
STABRDC -57061.000 16457.000 0.001 -89316.000 -24805.000 
STABRDE 20594.000 3378.696 <.0001 13971.000 27216.000 
STABRFL 16609.000 2090.540 <.0001 12511.000 20706.000 
STABRGA -1466.571 2910.444 0.614 -7171.108 4237.966 
STABRGU -14305.000 18370.000 0.436 -50310.000 21700.000 
STABRHI 35180.000 16434.000 0.032 2967.766 67391.000 
STABRIA 8436.660 1114.200 <.0001 6252.803 10621.000 
STABRID 11073.000 1928.751 <.0001 7292.649 14853.000 
STABRIL 1566.433 1051.629 0.136 -494.784 3627.649 
STABRIN -8892.934 1337.992 <.0001 -11515.000 -6270.438 
STABRKS 2427.273 1227.479 0.048 21.387 4833.159 
STABRKY -8206.661 1891.599 <.0001 -11914.000 -4499.083 
STABRLA -12897.000 2184.912 <.0001 -17179.000 -8614.078 
STABRMA 5728.283 1173.675 <.0001 3427.853 8028.714 
STABRMD -4468.465 4404.399 0.310 -13101.000 4164.259 
STABRME 5952.900 1418.221 <.0001 3173.153 8732.646 
STABRMI 4167.784 1208.405 0.001 1799.281 6536.286 
STABRMN 7329.980 1623.384 <.0001 4148.109 10512.000 
STABRMO -318.133 1561.989 0.839 -3379.667 2743.401 
STABRMP 25016.000 21206.000 0.238 -16548.000 66580.000 
STABRMS 1395.368 2511.330 0.579 -3526.896 6317.631 
STABRMT 8797.306 2012.549 <.0001 4852.663 12742.000 
STABRNC 7271.662 2054.039 0.000 3245.699 11298.000 
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STABRND 9189.288 2028.201 <.0001 5213.968 13165.000 
STABRNE 7081.263 1384.409 <.0001 4367.789 9794.736 
STABRNH 5003.634 1372.112 0.000 2314.263 7693.004 
STABRNJ -1930.034 1249.461 0.122 -4379.007 518.939 
STABRNM 2106.856 2253.668 0.350 -2310.384 6524.097 
STABRNV 10789.000 3720.048 0.004 3497.595 18080.000 
STABRNY 4868.666 1033.647 <.0001 2842.695 6894.637 
STABROH -14323.000 1459.354 <.0001 -17183.000 -11463.000 
STABROK 7664.671 1846.362 <.0001 4045.760 11284.000 
STABROR 20571.000 1828.096 <.0001 16988.000 24154.000 
STABRPA 5204.307 1102.657 <.0001 3043.074 7365.540 
STABRRI 7360.460 2738.006 0.007 1993.906 12727.000 
STABRSC 1606.553 2691.370 0.551 -3668.594 6881.700 
STABRSD 6817.468 1805.739 0.000 3278.178 10357.000 
STABRTN 11273.000 1528.921 <.0001 8275.979 14269.000 
STABRUT 21179.000 2417.587 <.0001 16440.000 25917.000 
STABRVA 5410.763 2045.782 0.008 1400.982 9420.544 
STABRVI -37304.000 25964.000 0.151 -88193.000 13585.000 
STABRVT 9782.462 1485.894 <.0001 6870.074 12695.000 
STABRWA 7799.203 2398.094 0.001 3098.884 12500.000 
STABRWI 9931.943 1163.308 <.0001 7651.832 12212.000 
STABRWV 467.211 1846.814 0.800 -3152.588 4087.009 
STABRWY 1987.324 3908.360 0.611 -5673.150 9647.799 

Source Data: National Center for Education Statistics 

 

Books, audio-video materials, and magazines have statistically significant 

and have positive effects.  It is also to be noted that their respective coefficient 

values, relatives to each other, also make intuitive sense.  For example, it is 

reasonable to expect that a new magazine, in general, would be more popular than 

an additional book with the average library user.  Hence the large difference in the 

values of their coefficients.   

The largest effect, however, is that of the total staff employed, and the 

value is more than twice that for computers.  It is possible that this is proxying for 
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some other latent variable, perhaps the financial health of a library.  However, if 

we accept this effect at its face-value, we can, together with the low coefficient 

value of the hours of operation, perform some very rough calculations on the cost-

benefits of different approaches for attracting users.  An additional staff member 

would annually cost a library tens of thousands of dollars, and extra hours of 

operation would have to factor in overtime pay for those already employed.  An 

additional computer, even after considering installation charges, would cost a 

fraction, and would provide service for quite a few years down the line.24   

One very interesting result, which helps to clear the discrepancy between 

Figs. 4.4 and 4.5, is the statistically significant and the extremely large values of 

the time-dummies.  These are negative, which seems counter-intuitive – if not 

completely inaccurate – against the clearly increasing trend of Fig.4.  However, 

they are both reasonable and illuminating in the context of our model.  There is a 

secular decline in annual visits after controlling for all other effects.   

The estimates in Table 4.5 allow us to calculate the respective effects on 

library visits of an increase of each of the factors by unity.  Because the dependent 

variable is non-linear in COMPPERLIB, the effect of an increase in the latter 

variable on the former is calculated at the mean value of 5.09.  Since 

VISITSPERLIB is linear in every other variable, the values of their coefficients 

actually indicate the effects of a unit increase in the independent variables.  Table 

4.6 shows how many extra units of these other factors would be needed – and 

                                                 
24 This does not take into account maintenance costs, which would undeniably make the 
comparison less skewed for computers.  However, the incremental maintenance cost per 
additional computer is likely to be low.  We might also argue that the staff require “maintenance 
costs” as well – health benefits, for example.   
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what would that cost – to cause the same increase in the number of library visits 

as one extra computer made available for public use.  A computer costing not 

more than a thousand dollars would clearly be a sound public investment. 

 

Table 4.7: Is A Computer Worth A Thousand Books? 

 
# Equivalent
 

Assumed per unit cost
($) 

Total Cost 
($) 

Books 3,958.65 30 118759.58 
Audio 1,838.58 10 18385.75 
Video 482.35 20 9646.97 
Subscriptions 166.18 50 8308.97 
Staff 0.41 30,000 12444.57 

 

 

SUMMING UP 

Discussions on the digital divide often convey the impression that the 

demand for Internet services is unmet principally because of financial inability on 

the part of individuals.  This argument usually leads to a policy prescription of 

subsidizing access price.  The history of the telephone system indicates that this is 

not easily achieved without causing market distortions.  Subsidies are inefficient 

instruments in an economic sense, and may cause high welfare loss.   

As pointed out earlier in this chapter, the gap between access and use 

statistics at home suggests the digital divide may be at least partially explained by 

individual apathy.  In other words, people may be choosing not to subscribe to the 

Internet at home simply because they do not want to.  In that case, a blanket 

subsidy on price or equipment would not only be inefficient, but unwarranted as 
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well.  Subsidies targeted towards those who want to have home-access but cannot 

afford it would have to overcome the substantial problem of identifying these 

households correctly.  In a practical sense, that would not be feasible. 

In this chapter, we have taken these limitations as given, and have focused 

on a far more promising alternative which is rarely highlighted, but which 

deserves greater scrutiny.  We have tried to emphasize not home-access, but the 

demand for the use of online services.  That is, we have contended that the exact 

point of access is irrelevant, as long as access itself is freely available to all 

potential users.  For example, if an individual already had access to the Net from 

his workplace, it would be hard to defend a policy of subsidizing home-access 

which would benefit him at the cost of a net decrease in social welfare. 

Public libraries present themselves as ideal instruments for providing 

access to all.  Their principal merit lies in the fact that they help circumvent the 

problem of identification because the target group of potential users of online 

services at libraries is likely to be self-selecting.  The analysis of this chapter 

strongly indicates that individuals who are less likely to have access at home are 

also more likely to get online at public libraries.  This is especially true for low-

income individuals and Blacks. 

The other major advantage of encouraging access from public libraries is 

that the backbone infrastructure already exists.  Virtually every public library in 

the nation is already connected to the Internet, and offers public-access terminals.  

It also appears to be the case that these facilities are attracting more visitors.  
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Indeed, this effect, after controlling for all other factors, seems to be counteracting 

a secular decline in the average number of library visits.   

The American public library system is unique in the world in resources 

and geographical coverage, and the libraries have very effectively transformed 

themselves for the electronic age with much less fanfare than they deserve.  While 

the debate about the digital divide rages on, the libraries already showcase a way 

of bridging it.  The fact that they seem to be changing library visit patterns – with 

very little promotion – is a testimony to their efficacy.  Subsidizing home-access 

would be prohibitively expensive, and setting up free area-wide wireless networks 

would of use to only the relatively affluent who can afford laptop computers with 

wireless cards.  Access from pubic libraries already exist, and are providing 

sterling service.  The benefits of maintaining these facilities – if not expanding 

them – would far outweigh the costs. 
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Chapter 5: Policy Implications 

INTRODUCTION 

When I started working on this dissertation, the debate on the Digital 

Divide was at its peak.  Broadband was still an elite technology, and attention was 

focused exclusively on dialup Internet access in the US.  The debate itself was 

mostly two opposing camps trying to prove or disprove the existence and extent 

of a divide along the lines of income, education, race and other socio 

demographic factors.  Hence the title of the dissertation – “Internet Access in the 

US”. 

Remarkably little concrete knowledge regarding the fundamental nature of 

the divide exists as yet.  That sociodemographic characteristics determine Internet 

adoption and use is universally accepted, but the magnitudes of their individual 

effects remain controversial.  Price, the most fundamental variable in all 

economic analyses of demand, has barely been studied. 

As stated in Chapter 1, the analyses undertaken in this dissertation should 

appeal to different audiences in different ways.  The policy researcher should find 

the theoretical structure sketched out in chapters 2 and 3 particularly useful 

because of its applicability to other, related fields.  The impacts of price, 

socioeconomic and demographic factors on Internet demand have immense 

potential use in practical policy formulation.  At a third level, these should also 

provide key insights to the providers of newer technology services seeking to 

expand their markets. 
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This dissertation has remained focused on the question of access in the 

belief that a solid understanding of the basics is to be preferred to a superficial 

review of vastness.  Even this relatively modest inquiry clearly needed to be 

carried out at two levels – the first dealing with those willing to pay for access at 

home, and those using free access from outside of home.  Absence of strictly 

comparable data necessitated different theoretical structures for the two questions, 

and the findings thus deserve separate discussions. 

 

CONTRIBUTIONS TO THEORY 

A fundamental aim of looking into paid access in this dissertation was to 

go beyond the ad hoc analyses frequently encountered in this field and to establish 

a sound theoretical framework.  An ideal structure should have several 

characteristics, including a logical basis, simplicity, and flexibility.  The discrete 

choice framework developed in Chapter 2 satisfies these criteria.  It incorporates 

relatively little information about consumers’ choices into a logical framework 

which is easily extendible to other related areas of inquiry. 

 The flexibility of the basic framework outlined in Chapter 2 is more fully 

exploited in Chapter 3, in the analysis of broadband demand.  Partial Proportional 

Odds (PPO) models are rarely – if ever – encountered in public policy analysis.  

Among the reasons are their inherent complexity, sparse documentation, and the 

absence of standard or “canned” estimation routines in the common econometric 

packages.  However, as discussed in Chapter 3, these models can be especially 

powerful tools in analyzing ordered or hierarchical structures since they combine 
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the twin advantages of retaining the underlying cumulative structure while 

allowing individual factors to impact the utility thresholds differently.   

One major contribution of this dissertation to this field of research is 

drawing attention to the possible usefulness of public access points in bridging the 

digital divide.  Policies of subsidizing home-access may be largely ineffectual and 

wasteful because of the problem of identifying households which not only need 

financial support for purchasing Internet service, but are interested in it in the first 

place.  Chapter 4 proves that maintaining and expanding free public access points 

may be far more efficient because the users of such points are likely to be self-

selecting.  That  is, those who use free access at public libraries are likely to be 

those who are interested in getting online, but do not have access at home.   

 

CONTRIBUTIONS TO EMPIRICS: PAID ACCESS 

PRICE AND SUBSIDIES: Discussions on the Digital Divide have invariably 

centered on the appropriateness of price subsidies and bringing the Internet under 

the universal service mechanism.  Given the heat of the exchanges, it is quite 

surprising what little effort has been made to estimate the potential benefits of 

subsidies.  These would, of course, depend on the price elasticity of demand.  In 

this context, the analyses in chapters 2 and 3 are a major contribution to the 

existing knowledge base. 

At a philosophical level, it is not clear if Internet services should be at all 

brought under universal services, which were originally created to protect the 

lives and properties of US citizens.  The Internet may be considered an essential 
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service on the grounds of enhancing long-term human capital, and a stronger case 

may be made on equity grounds.  However, any policy of subsidizing price would 

still need to have a reasonably clear assessment of the possible efficacy of such a 

policy. 

Price does indeed have a statistically significant effect on both dialup and 

broadband demand, but the low coefficient values imply a modest practical 

impact.  In other words, though a price subsidy would in theory increase Internet 

penetration, the cure might be worse than the disease.  Subsidies are generally 

acknowledged to be extremely inefficient economic instruments, and whether 

they have any long term benefits is debatable.  In this case, the outcome of price 

subsidies would be further complicated by the substantial cross-price effects 

between dialup and broadband.  In effect, supporting dialup price may well 

impede the adoption of broadband, and supporting broadband may reduce dialup 

penetration.1   

One may try to find support for a policy of subsidizing access price by 

looking at the case of telephones in the US, which has historically been 

characterized by a maze of explicit and implicit subsidies.  However, whether 

these subsidies were instrumental in causing high penetration rates or merely 

coexisted with them is still open to debate.   The pre-requisite for estimating 

potential benefits of subsidies are reliable estimates of elasticities of demand.  The 

general consensus is that these are low, if not insignificant.  Crandall and 

                                                 
1 One may argue that this may actually be a desirable outcome.  But such a policy would be 
enormously expensive simply because the own-price elasticity of broadband is even less than that 
of dialup.  In other words, even if a very large amount of money could be appropriated to 
subsidize broadband price, the increase in broadband penetration is likely to be small. 
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Waverman (2000) report that basic rates do not seem to have any effect on 

telephone penetration, but hookup costs, especially for low-income households, 

do appear to be at least statistically significant.2  Garbacz and Thompson (2003) 

find that price-elasticity is low and declines through time.  Rosston and Wimmer 

(2000) too find little correlation between price-support and telephone penetration 

rates.   

The present high telephone penetration rates in the US have co-existed 

with direct and indirect subsidies for a long time; but the causality is debatable.  

Also worth considering is that though the efficacy of such subsidies in 

maintaining these high rates at present might be low beyond reasonable doubt, 

their role in increasing penetration from the very low levels of the past may have 

been underestimated.3  That is, they may well have generated a “ratchet-effect”, 

whereby people could have been able to try out an initial connection at home.  

Telephones, like most new technologies, used to be expensive for quite a long 

time, and subsidies may very well have made them affordable to large sections of 

the population.4  In defense of subsidies, the current debate on the Digital Divide 

                                                 
2 p. 98.  The overall estimate is -0.025.  The estimates for low-income households rang from -0.10 
to -0.15. 
3 There is one major caveat to all such analyses and one which has a direct bearing on the 
effectiveness of a policy of subsidizing basic service, viz. that all of them use relatively recent 
price and penetration data.  As mentioned but otherwise overlooked by Garbacz and Thompson 
(2003), the price-elasticity of telephone demand appears to decline over time as penetration rates 
reach saturation.  Their analysis starts from 1970, by which time these rates were already quite 
high.  Also, there is no reason to believe that telephone (or telecommunications) demand curves 
are iso-elastic; it is reasonable to assume that there might be one or more threshold-prices beyond 
which the elasticities change substantially.   
4 The Economist reports an amusing example of the price of the new technology in 1900.  “Since 
1900 average consumer prices in America have indeed risen 20-fold, an average of about 3% a 
year. But the variations are large. Our colleague’s hotel room in New York cost him $8 a night in 
1900; the same hotel would charge $600 today, a 75-fold leap. At the other extreme, he made a 
three-minute telephone call to Chicago (to a lady, we suspect, from other evidence, and plainly not 
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deserves this consideration.5  That is, subsidies – especially for broadband – may 

give demand an initial “push”. 

 

SOCIOECONOMIC AND DEMOGRAPHIC FACTORS: The analyses of 

chapters 2 and 3 reveal that one’s background may indeed determine one’s 

position in the cyberworld.  There is overwhelming evidence that the poor, 

Blacks, and Hispanics are much less likely than the rich, Whites and non-

Hispanics to get online at home.  Since students also are much more likely to get 

online than those not in school, maintaining and expanding the eRate program for 

schools may have a large indirect effect on Internet access at home as well.   

Strangely enough, some of the factors appear to affect dialup and 

broadband demands quite differently.  For example, being married increases the 

probability of dialup service purchase, but reduces that for broadband.  Similarly, 

location (rural vs. urban and rural) also has different impacts on dialup and 

broadband demands.  This in fact reinforces the stand against price subsidies since 

the issue is complex and the outcome may be quite unpredictable. 

 

                                                                                                                                     
his wife; for the latter, he evidently brought back—and charged to this paper—a 49-cent souvenir 
from Niagara Falls). His call cost $5.45; today’s cost is about five cents, a 99% fall.”  
http://www.economist.com/diversions/displayStory.cfm?Story_id=457272, accessed on 06/12/04. 
5 ISPs already enjoy a form of subsidies, or more precisely, non-taxation; they do not have to pay 
the originating charges to the LECs which the long-distance carriers have to pay.  These 
originating and terminating profits can be extraordinarily high for the LECs, averaging 700% and 
1500% respectively.  See Economides (1998).  Predictably, this has given rise to a peculiar kind of 
distortion in the long-distance market, viz. that of IP telephony, which can cost the customer a 
fraction of what he would normally have to pay to a regular long-distance service provider.  
Indeed, Tirole (2000), in footnote #1 on p. 265 conjectures that ISPs may have to pay access 
charges further on. 
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CONTRIBUTIONS TO EMPIRICS: PUBLIC ACCESS 

In the United States, “public access” is generally understood to be 

synonymous with public wireless access.  Considering the fact that income 

appears to have a much stronger effect on home access than the monthly 

subscription charge, those who access these wireless hotspots almost certainly can 

also afford a connection at home.  Conversely, those who cannot afford to 

purchase a subscription at home can presumably also not afford a laptop.  Such 

hotspots are hence hardly of any use to someone who cannot afford a laptop.  This 

dissertation rejects the common interpretation of public in favor of one which 

means “free”.   

The findings of Chapter 4 loom large in this context.  Fig. 4.4 shows the 

dramatic increase in the average number of library visits, coinciding with the 

trebling of networked public use computers in the libraries.  Table 4.4 shows that 

having Internet access at home substantially reduces the propensity to use the 

Internet facilities at these public libraries.  The superimposition of the first fact on 

the second suggests that the public use terminals at libraries are being used by 

those who do not have access at home – and increasingly so.  Table 4.5 indicates 

that these facilities may well be strongly counteracting a secular decline in library 

visits. 

In light of these findings, the extremely large impact of computers on 

library visits (Table 4.5) indicates an excellent value for money spent on wiring 

libraries.  Were the Government to be truly interested in providing universal 

access to the Internet, it would have considered maintaining and expanding these 
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facilities instead of speculating on more fancy and dubious schemes of 

subsidizing access price. 

 

DIRECTIONS FOR FUTURE RESEARCH 

One measure of the quality of any piece of research is whether it is in a 

field which offers scope for progress.  By that count, this dissertation certainly 

qualifies as excellent, since it has chosen to be in a field whose surface has barely 

been scratched.  The theoretical structure erected herein is one of many possible, 

and the availability of newer and better data is almost surely going to lead to 

improvements in modeling and estimation.  The pervasiveness of the Internet 

technology and the newness of this field of research offer an almost inexhaustible 

supply of subject matters.  From a public policy standpoint, I believe at least three 

among them should be particularly interesting. 

The first, E-GOVERNMENT, is an area where there is a great deal of 

discussion, but very little agreement or structure.  Semantically, any government 

service which has an online existence can fall under the definition of an e-service.  

This apparent simplicity of definition has given rise to much confusion, 

incoherence and tall claims. For example, by this measure, many developing 

countries have e-government services.  Ironically, the state of regular services in 

most of them is precarious, to say the least. 

The basic problem has two facets.  The first is how to define e-

Government.  This is easier said than done.  An appropriate definition would have 

to be sparse and comprehensive at the same time.  Ideally, it would also have to 
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be inclusive enough to accommodate the institutional structures of other nations 

as well.  The second is how to measure the flow of e-services and evaluate the 

performance of any particular program.  The problem is made more complex 

because any benchmarking framework would have to incorporate the interactions 

of the government both with individuals and businesses. That is, one would have 

to evaluate G2C and C2G (government to consumers and vice versa), as well as 

G2B and B2G (government to business and vice versa).  One main reason why 

the Internet is such a powerful communications medium is because it is by nature 

highly interactive.  If an e-Government program is excellent in terms of the flow 

of services to the businesses and consumers but does not allow for feedback, then 

half of the potential benefits are lost. 

A second, related issue is EVALUATING FUNDING STREAMS.  

Governments around the world are spending increasingly large sums of money on 

technology. These include both hardware and software, as well as support 

services.  However, whether they have increased the productivity of government 

agencies is debatable.  More to the point, very few – if any – cost/benefit analyses 

of any of these programs are publicly available. This field of inquiry is rich in 

potential.  The amounts involved also guarantee interest from policy makers. 

The last topic for further research falls between the first two.  The E-RATE 

PROGRAM has already spent billions of dollars in wiring schools and libraries 

across the nation.  Given the magnitude of the expenditure, one would have 

thought that the program would already have been scrutinized extensively and 

intensively.  Such is not the case.  The program is extremely uncoordinated, and 
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has very little accountability.  In fact, my preliminary survey reveals that there are 

many instances of institutions receiving much larger amounts than they are 

entitled to.  Continuing investigation should reveal a much more detailed picture.
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Appendix A: Variables Used in Chapter 3 

LOGMINLOW Minimum dialup price,  
by area code 

 

LOGMINHIGH Minimum broadband price, 
 by areacode 

 

SUBURBAN Geography| Base=Rural Dummy for suburban area 
URBAN Geography Dummy for urban area 
AGE Age of respondent  
MALE Dummy for male  
HISPANIC Dummy for Hispanic  
BLACK Race| Base=White Dummy for Black 
ASIAN Race Dummy for Asian 
OTHERS Race Dummy for other races 
MARRIED Dummy for married status  
EMPLOYED Dummy for employed status  
STUDENT Dummy for student status  
INC2 Income| Base=<$10k per annum $10,000 to under $20,000 
INC3 Income $20,000 to under $30,000 
INC4 Income $30,000 to under $40,000 
INC5 Income $40,000 to under $50,000 
INC6 Income $50,000 to under $75,000 
INC7 Income $75,000 to under $100,000 
INC8 Income $100,000 or more 
   
EDUC2 Education| Base=<=Grade 8 High school incomplete  

(grades 9-11) 
EDUC3 Education  High school graduate (grade  

12 or GED certificate) 
EDUC4 Education  Business, Technical, or vocational  

school AFTER high school 
EDUC5 Education  Some college, no 4-year degree 
EDUC6 Education  College graduate (B.S., B.A., or  

other 4-year degree) 
EDUC7 Education  Post-graduate training/professional school 

after college (Master's degree/Ph.D., Law 
or Medical school) 

TIME Time| Base=Spring 2002 Dummy for Fall 2002 



 
 

 121

Appendix B: Substitution Between Dialup and Broadband 
Services – A State-level Analysis 

 

Are dialup and broadband services substitutes? That is, do they compete 

with each other through prices? The best known analysis of the ISP market 

structure from this angle is Hausman, Sidak and Singer (2001). They conclude 

that such inter-modal competition is not possible because narrowband and 

broadband constitute two completely separate markets. 

Hausman, Sidak and Singer (henceforth, HSS) forward three reasons why 

they think narrowband and broadband technologies face two completely separate 

markets.  First, the demographic profiles of the users are very different; second, 

services supported by them are very different; and third, residential prices for 

them are very different.  To support their claim that demographic profiles of 

dialup and broadband users are distinct, the authors present a July 1999 study by 

the Strategis Group.1  The differences are indeed striking, and seem to echo the 

findings of a survey conducted by the Pew Internet and American Life Project.2  

On closer inspection, the Strategis survey turns out to be not on actual broadband 

users, but on narrowband users interested or not interested in broadband – that 

too at a specific $40/month.  The Pew report is based on a sample of 507 Internet 

users (including broadband users) in 2002, and another one of 1391 dialup users 

                                                 
1 The table, somewhat mysteriously, includes “Total Weekly Hours of Internet Use (hours)” and 
“Length of Internet Usage (years)” in the demographic profiles.  The endogeneity issue is obvious 
but is not discussed. 
2 “The Broadband Difference: How online Americans' behavior changes with high-speed Internet 
connections at home.”  URL: http://www.pewinternet.org/reports/toc.asp?Report=63, accessed on 
04/28/04. 
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in 2001.  Though the margins of errors reported are ±4% and ±3% respectively, 

claims of such numbers being representative of an adult population of more than 

200 million3 hardly inspire confidence. 

Demographic differences between dialup and broadband users are negated 

by a 2001 GAO report entitled “Characteristics and Choices of Internet Users”, 

which states: 

 
Little difference existed in the demographic characteristics 

of survey respondents subscribing to narrowband service compared 
with those subscribing to broadband service. We found no 
differences in marital status, household size, race, Hispanic origin, 
education, or employment, between narrowband and broadband 
subscribers. However, we did find a statistically significant 
difference with respect to income: 40 percent of broadband 
subscribers had an annual household income of $75,000 or more, 
compared with only 20 percent of narrowband users.4 

 

The Computer and Internet Use supplement to the 2000 Current 

Population Survey5 used in this appendix discredits this hypothesis further.  

Figure B.1 shows the age distributions of 28,612 dialup users and 3,574 

broadband users, along with their means and standard deviations; they are 

virtually identical.  The same holds true for Tables B.1-B.4, which capture race, 

                                                 
3 The Census Bureau puts the total US population for the year 2000 at 281,421,906, of which 
25.7% are under age 18.  Source: http://quickfacts.census.gov/qfd/states/00000.html, accessed on 
04/29/04. 
4 Report available at http://www.gao.gov/new.items/d01345.pdf, p.23, accessed on 04/29/04.   
5 2000 Internet and Computer Use Data, Current Population Survey, Bureau of the Census and 
Bureau of Labor Statistics.  Downloadable from 
http://www.bls.census.gov/cps/computer/2000/sdata.htm.  Accessed on 12/04/05. 
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sex, income, and education.6  The demographic profiles of narrowband and 

broadband users appear to be quite similar on these measures. 

 

Figure B.1: Connection Types – Age 
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Source: 2000 Internet and Computer Use 

 

Table B.1: Connection Types – Race 

RACE  LOWSPEED BROADBAND 
White 88.28 88.79 
Black 6.50 5.50 
American Indian, Aleut, Eskimo 0.56 0.76 
Asian or Pacific Islander 4.66 4.95 

Source: 2000 Internet and Computer Use 
                                                 
6 Interestingly, the only big difference is for the highest income-category, similar to the GAO 
finding. 
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Table B.2: Connection Types - Sex 

SEX LOWSPEED BROADBAND 
Male 49.32 51.35 
Female 50.68 48.65 

Source: 2000 Internet and Computer Use 

 

Table B.3: Connection Types - Income 

FAMILY INCOME LOWSPEED BROADBAND
Less Than $5,000 1.05 0.89
5,000 To 7,499 0.64 0.41
7,500 To 9,999 0.55 0.57
10,000 To 12,499 0.96 0.68
12,500 To 14,999 1.23 1.05
15,000 To 19,999 2.28 1.40
20,000 To 24,999 3.40 2.22
25,000 To 29,999 4.39 3.98
30,000 To 34,999 5.46 4.94
35,000 To 39,999 5.51 3.88
40,000 To 49,999 10.33 8.33
50,000 To 59,999 11.34 9.93
60,000 To 74,999 14.16 13.46
75,000 Or More 38.70 48.27

Source: 2000 Internet and Computer Use 

 

Table B.4: Connection Types - Education 

EDUCATION LEVEL LOWSPEED BROADBAND 
Less Than 1st Grade 0.01 . 
1st,2nd,3rd Or 4th Grade 0.02 0.05 
5th Or 6th Grade 0.08 0.07 
7th Or 8th Grade 0.34 0.3 
9th Grade 0.75 0.47 
10th Grade 2.89 2.4 
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11th Grade 3.27 2.99 
12th Grade No Diploma 0.68 0.78 
High School Grad-Diploma Or Equiv (GED) 21.9 17.65 
Some College But No Degree 22.74 22.96 
Associate Degree-Occupational/Vocationl 4.43 3.66 
Associate Deg.-Academic Program 5 5.01 
Bachelors Degree(ex:ba,ab,bs) 24.64 28.5 
Masters Degree(ex:MA,MS,MEng,MEd,MSW) 9.14 10.54 
Professional School Deg(ex:MD,DDS,DVM) 2.12 2.4 
Doctorate Degree(ex:PhD,EdD) 1.97 2.23 

Source: 2000 Internet and Computer Use 

 

The second contention of the authors, viz. that the services supported by 

the two technologies are completely different, is also suspect.  Table B.5 presents 

usage patterns for narrowband and broadband users from the same CPS data.  

There are significant differences only for two categories – for making telephone 

calls, and for entertainment purposes.  This is not surprising.  What is surprising is 

the low percentage of broadband users who are actually using their n-times 

greater bandwidth for these two purposes.  It is more likely than not that people 

use the extra bandwidth because they have it rather than the other way around – 

that the demand for DSL or cable is driven by bandwidth-intensive services.7 

 

Table B.5: Usage, by Connection Type 

Connection Type LOWSPEED BROADBAND 
Email 87.7 88.79 
Taking Courses 26.38 29.05 

                                                 
7 This is, of course, a speculation.  A definitive statement cannot be made in the absence of a 
survey question which specifically addresses that. 
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News & Weather 51.01 57.56 
Phone Calls 5.87 10.48 
Search for Information 63.76 67.51 
Search for Jobs 19.19 22.9 
Job Related Tasks 31.89 41.03 
Home Finances 38.44 49.38 
Others 9.12 12.21 
Games/Entertainment/Fun 4.9 7.38 

Source: 2000 Internet and Computer Use 

 

The third argument is that a substantial price differential exists between 

narrowband and broadband.  They cite a narrowband price of $11, and a 

broadband price of $39.95, both in the Washington, DC, area.  A bird’s-eye view 

reveals a different picture.  Fig. B.2(a) shows the distribution of nationwide 

narrowband and broadband prices, along with the values of their means and 

standard deviations.  Two things are immediately apparent: (i) the average price 

of narrowband is indeed about a third lower than that of broadband, but (ii) there 

exists substantial variation within both categories.8  As a matter of fact, the 

standard deviation for broadband price is more than twice that for narrowband.  

But one peculiarity binds together the two “separate” markets – a 

disproportionately large number of households enjoying free service (Figure. 

B.2(b)).  Ignoring the underlying possible explanations, this is arguably a 

compelling commonality.9  In economic terms, dialup and broadband most likely 

constitute differentiated products rather than separate markets. 

                                                 
8 This runs completely contrary to the authors’ claim of uniformity of broadband price: “Second, 
the data demonstrate that prices of second telephone lines vary greatly across different regulatory 
jurisdictions, that the price of broadband Internet access remains relatively constant.” – p. 141. 
9 See Chaudhuri, Flamm and Horrigan (2004) for suggested explanations. 
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Figure B.2 (a): Distributions of Narrowband and Broadband Prices – No 
Free Service 

 

Source: 2000 Internet and Computer Use 
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Figure B.2 (b): Distributions of Narrowband and Broadband Prices – With 
Free Service 

 

 Source: 2000 Internet and Computer Use 

 

The empirical analysis of HSS takes a second telephone line as a given 

condition for dialup access, though the premises of this assumption are not 

explained.  They use the price of a second telephone line as a substitute for actual 

narrowband price in their pricing model, presented in their Table 2 on p. 146.  I 

replicate their work with two differences – first, I use actual narrowband price 

instead of the price of a second telephone line; and second, instead of using 

average broadband price as the left-hand-side variable and using a “Road Runner 
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Indicator” as an explanatory variable, I use mean cable prices as the regressand.  

This is the logical thing to do, since their primary objective is cable-prices.  This 

model structure also allows DSL prices to be included later to refute to another 

one of their contentions.10 

Table B.6 is analogous to the HSS Specification 2 (p.172).  

LOGLOWMEAN is the log of the mean prices of narrowband access in the 51 

states (including Washington, DC); LOGCABLEMEAN is self-explanatory.  

Unlike in the HSS specification, LOGLOWMEAN is statistically significant at 

the 5 percent level, and the adjusted R2 is 0.08 (as against the HSS R2 of 0.004).  

The parameter estimate is 1.383.  This is not only high for a log-log model, it is 

also vastly different from the HSS estimate of 0.012. 

 

Table B.6: HSS Specification 2 

Parameter StandardVariable 
Estimate Error

t Value Pr > |t| 

Intercept -0.706 1.755 -0.400 0.689 
LOGLOWMEAN 1.383 0.585 2.370 0.022 
Number of Observations: 51 
Adjusted R2: 0.084 

 

 The authors also counter the accusation of an omitted-variable bias 

by including socio-economic variables: 

 

                                                 
10 It is interesting to note what this “Road Runner Indicator” does – it simply inflates the R2.  
Compare Specification 2 (p. 172) to Table 2 (p. 146); the R2 jumps from a paltry 0.004 to an 
impressive 0.562. 
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“We address these criticisms by including in the regression the 
median household income and the average population density for 
the relevant markets.  We also include age variables for the 
population.  The demographic control variables were not 
statistically significant, and the main coefficient of interest – the 
effect of narrowband access price – did not change in any 
meaningful way.”11 

 

Table B.7 captures the changes in the model resulting from the inclusion 

of a smattering of socio-economic and demographic variables; the improvement is 

significant.  The adjusted R2 is a respectable 0.2336, and the p-value for the F-test 

is an eminently acceptable 0.0085.  It is to be noted that the logs of median 

household income, the proportion of individuals under 18, and population density 

are all statistically significant; the first two have high coefficient-values as well. 

 

Table B.7: HSS – Expanded Version 

Variable Parameter 
Estimate 

Standard 
Error 

t Value Pr > |t| 

Intercept -3.732 3.208 -1.160 0.251
LOGLOWMEAN 1.376 0.679 2.030 0.049
LOGMEDIANHOUSEHOLDINCOME 1.008 0.334 3.020 0.004
LOGMEDIANRENT -0.535 0.329 -1.630 0.111
LOGHIGHSCHOOL -0.112 0.196 -0.570 0.572
LOGUNDER18PERCENT -1.122 0.437 -2.570 0.014
LOGBLACKPERCENT 0.028 0.021 1.310 0.196
LOGPOPDENS -0.071 0.026 -2.770 0.008
Number of Observations: 51 
Adjusted R2: 0.234 

 

 

                                                 
11 p. 147. 
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The HHS model is clearly open to problems with simultaneity.  Even their 

underlying structure is not obvious.  The fact that they exclude supply-side 

variables points to the fact that they intend the model to capture the demand side 

of the market.  In that case, positive and statistically significant cross-price effect 

suggests that consumers consider dialup and broadband services to be substitutes.  

I find evidence of this in the household-level analysis carried out in Chapter 3; the 

evidence at the state-level further strengthens the case for this finding. 
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