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Abstract

This study examines the sources of geographic variance in commercial Internet use. Until now, two opposing views

have been argued on the relationship between Internet technology and economic agglomeration. One view, which we

term global village theory, asserts that Internet technology helps lower communication costs and break down geo-

graphic boundaries between firms. The other view, labeled urban density theory, argues that the Internet follows a tra-

ditional pattern of diffusion – diffusing first through urban areas with complementary technical and knowledge

resources that lower the costs of investing in new frontier technology. We provide a third view, industry composition

theory, that asserts that demand for the Internet is increasing in location size because of the concentration of informa-

tion-intensive firms in urban areas. We offer hard evidence on factors influencing the dispersion of Internet technology

to businesses. We find no evidence for urban density theory in the diffusion of basic access and participation in the

Internet network. We do find some evidence supporting global village theory for diffusion along this dimension. We

also find that the pattern of adoption of frontier Internet technologies supports urban density theory not global village

theory. Last, we show that business use of the Internet is significantly shaped by the prior geographic distribution of

industry.
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1. Introduction

General Purpose Technology (GPT) theory pre-
dicts that the same technological opportunity does
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not result in the same commercial experience for

all establishments in all locations. Such variance

underlies the range of net benefits experienced
across the US from the diffusion of the Internet.

However, a lack of systematic data and formal the-

ory has made it difficult to characterize variance in

Internet experience among commercial users. With
ed.
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a few notable exceptions, there has been little sys-

tematic empirical research on the diffusion of

Internet technology to businesses in the US. 1

This paper fills this gap with both a novel

framework and novel data. We estimate probit
models for Internet adoption as a function of fea-

tures of a business establishment (i.e., its industry,

location, and size and whether it is part of multi-

establishment organization). Our analysis high-

lights why adoption decisions vary across

locations.

There were many purposes for adopting the

Internet in business. We contrast a simple purpose
and a complex one. The first purpose, labeled par-

ticipation, relates to activities such as email and

web browsing. This represents a minimal and a

simple use of the Internet for basic communica-

tions. The second purpose, labeled enhancement,

relates to investment in frontier Internet technolo-

gies linked to computing facilities. These technolo-

gies are often known as ‘‘e-commerce,’’ and
involve complementary and complex changes to

internal business computing processes.

Our econometric analysis tests the predictions

of GPT theory. We highlight three key factors that

induced variance in experience across locations

and that support three theories that describe how

these factors influenced Internet dispersion.

� Overcoming agglomeration disadvantages.

Some researchers hypothesize that the Internet

helped businesses bridge distances between geo-

graphically disparate economic actors. While all

business establishments benefited from this in-

crease in capabilities, geographically isolated busi-

nesses benefited comparatively more from their

ability to transfer data and transact electronically

in ways that were previously difficult or prohibi-
tively expensive. We label this global village theory.

� The user cost of the Internet. Some researchers

hypothesize that adoption, adaptation, and opera-

tions for the Internet were comparatively more
1 To be sure, geographers and government agencies have

studied the diffusion of Internet technology at length, but

largely among households. For statistical research about

business use of the Internet, see [3,4], and [2], as well as the

[11,13,30,31], and [23]. None have explored geographic varia-

tion in use within the US.
expensive outside of urban areas. Internet infra-

structure was more expensive, so too were the ba-

sic services – such as access fees, maintenance and

development. We call this urban density theory.We

further posit that complex applications of Internet
technology are more sensitive to variation in geo-

graphic supply constraints than simple

applications.

� The geographic dispersion of IT-intense busi-

ness. Establishments locate in places for a wide

variety of reasons. Many of these decisions were

made prior to the diffusion of the Internet. Some

of these establishments belonged to industries that
already made heavy use of information-intensive

technologies, while others did not. Because many

of these firms clustered together in the same places,

urban locations were coincident with high demand

for the applications associated with new technol-

ogy. We call this industry composition theory. It

produces heterogeneous responses to newly avail-

able technology that are unrelated to location,
and is essential for understanding whether new

Internet technology becomes a substitute or com-

plement to urban agglomeration.

This study examines Internet adoption at

86,879 establishments with over 100 employees.

This data comes from a survey updated to the

end of 2000. Harte Hanks Market Intelligence, a

commercial market research firm that tracks use
of Internet technology in business, undertook the

survey. We use the County Business Patterns data

from the Census and routine statistical methods to

generalize our estimates to the entire population of

medium to large establishments in the US.

Approximately two-thirds of the US work force

is employed in such establishments.

The results are consistent with GPT theory.
First, participation is near saturation in a majority

of industries and locations, which is evidence that

benefits exceed costs for most establishments and

is consistent with global village theory. Once

industry composition is controlled for, we find fur-

ther weak support for global village theory; in

other words, there is little evidence that urban den-

sity theory shapes participation.
Second, the estimates for enhancement differ

from participation in ways consistent with GPT

theory. Controlling for industry composition,
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establishments in large and medium-sized metro-

politan statistical areas (MSAs) are 1% more likely

to use the Internet for enhancement, a significant

increase given that only 12.6% of firms undertake

enhancement. In other words, the urban location
of an establishment does contribute to observed

outcomes.

Finally, we show why enhancement and urban

areas were complements over a time period in

which Internet technology was diffusing. Our

study is a short-run analysis that holds establish-

ment locations fixed. While it is too soon to ob-

serve the long-run movement of establishments in
reaction to this diffusion, our findings inform re-

search about the relationship between information

technology and the geographic location of firms

(e.g. [17,22,28]).

We also offer a very different explanation for

geographic variance in commercial Internet use

from the prevailing literature on the digital divide.

Mostly focusing on what we call participation,
some authors argue that geographic usage patterns

provide evidence of the existence of a digital divide

(i.e., that the economic consequences from the

Internet exacerbates regional inequalities, concen-

trating benefits in only a few locations). Our data

show that this characterization is misleading for

business use of the Internet. Business use of the

Internet for enhancement is shaped in part by
the prior geographic distribution of industry. Since

many industries are not concentrated in a few loca-

tions, the Internet�s advanced uses did not concen-

trate in a small number of areas. Instead, it

dispersed to the vast majority of areas in the US.
2. Literature review

The present study builds upon our earlier work

[14–16]. That research established that the vari-

ance in geographical patterns of technology adop-

tion by business differed substantially from the

variance uncovered in any existing research on

households or infrastructure deployment. The

present study differs in its focus on decomposing
the factors underlying aggregate variance and in

its explicit testing of hypotheses relating to these

underlying factors.
Our investigation contributes novel findings to

the debate about whether IT acts as a substitute

or complement to the agglomeration of economic

activity (e.g., [17]). Unlike some studies in this

vein, we do not consider the determinants of
long-run equilibrium, that is, where firms relocate

after technology markets develop (e.g., [5,22]).

Rather, we examine the short-run reaction of

establishments to the diffusion of a technology.

Our empirical question of how location affects

Internet practice is similar to [21]. Whereas [21]

uses domain name registrations in the context of

a periphery/central city model to find that users
in cities of medium size and above have registra-

tion patterns consistent with those areas benefiting

disproportionately from the Internet, we examine

businesses� adoption of certain processes in cities

of varying size and location.

Our study is also similar in spirit to [28]. They

examine household behavior for evidence that

Internet content is either a substitute or a comple-
ment to content found locally. When we examine

substitutability or complementarity our focus is

on adoption by business establishments, as op-

posed to household Internet use. Moreover, our

decomposition of the geographic variation of

Internet use into industry- and location-specific

factors enables us to test hypothesizes unexamined

by prior work.
In its focus on identifying the causes of the geo-

graphic variance in Internet adoption, the present

study is broadly similar to recent studies com-

pleted by researchers at the Center for Research

on Information Technology and Organizations

(e.g., [32,23]). Their research focuses on character-

izing the determinants of cross-country variation

in e-commerce adoption. In contrast, we pursue
a more focused approach of examining the causes

of variation in Internet adoption within the US.

This enables us to identify the effects of location

size while holding constant factors such as aggre-

gate wealth, governmental policies, and cultural

differences that vary in cross-country studies.

Our analysis and findings contrast strongly with

the prevailing analysis inspired by literature on the
digital divide. For example, [33,34,18], among

many others, examine the Internet in terms of

‘‘global city theory,’’ where a few key locations
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act as economic hubs for other areas. They argue

that the economic effects from the diffusion of

the Internet concentrate in a small number of cit-

ies. 2 In contrast, we emphasize the sharp differ-

ences between the diffusion processes shaping
participation and enhancement, both of which

support very different explanations about the fac-

tors shaping geographic variation in use.
4 One exception is [13], who examines a sample of service

sector firms, and shows that rural firms and firms that are
3. Theories of internet diffusion

The diffusion of the Internet can be viewed in
the context of observations about technological

convergence [1], which is the increasing use of a

small number of technological functions for many

different purposes. [7] develop this further in their

discussion of GPTs, which they define as capabili-

ties whose adaptation raises the marginal returns

to inventive activity in a wide variety of circum-

stances. GPTs involve high fixed costs in invention
and low marginal costs in reproduction. A GPT is

adapted for any new use, and this adaptation takes

time, additional expense and further invention.

Following the literature, we label these as co-inven-

tion expenses. Studies have found that co-inven-

tion influences computing and Internet

technology investments by business users [6,13].

We use GPT theory to construct a framework
to understand business adoption of Internet tech-

nology. Consider an establishment�s decision to

adopt a new technology such as Internet access.

Below we will consider both a simple and a com-

plex application of the Internet to business. 3

Establishment i will adopt Internet technology by

time t if

NBðxi; tÞ ¼ Bðxi; tÞ � Cðxi; tÞ > 0;

where NB is the net benefit of adoption, B is the

(gross) benefit of adoption, and C is the cost of

adoption. We define xi to be a vector of attributes
2 See [19] for an extensive review of this literature.
3 In our data analysis, we will consider adoption of two

distinct layers of Internet technology. The analysis above

applies to both layers of Internet investment, so for notational

simplicity we consider only a generic application of technology

in this section.
distributed across the population of establish-

ments. For example, xi may describe variation in

geographic conditions, industry, or prior

investments.

We propose several theories on how location can
influence the decision to adopt by time t. In these

theories, xi represents variables indicating the size

of urban area and the density of population.

� Global village theory argues that adoption

benefits are decreasing as urban density and size

increases (i.e., dB/dxi < 0, where xi is density).

Firms in areas with low population or low popula-

tion density will benefit more from new Internet
technology. This view has received considerable

exposure in the trade press (e.g., [9,10]) but little

empirical verification. 4 In its most basic form, glo-

bal village theory argues that new Internet technol-

ogy helps break down communication barriers

between individuals and organizations, and these

barriers are greatest for geographically isolated

firms. That is, establishments in rural or small ur-
ban areas will derive the most benefit from Inter-

net technology because their suppliers and

customers are most likely to be located in other

areas. Moreover, these areas will derive higher

benefits because of a lack of substitute data com-

munication technologies, such as fixed private

lines. In other words, advanced Internet technol-

ogy can substitute for many of the disadvantages
associated with a location remote from the urban

center of economic activity. In shorthand, Internet

technology is a substitute for agglomeration.

� Urban density theory argues that adoption

costs are decreasing as population size and density

increases (i.e., dC/dxi < 0, where xi is density). 5

There are three major reasons for this hypothesis:

(1) availability of complementary information
geographically dispersed are more likely to adopt Internet

technology. Also see [26,27] for a close study of rural business

Internet adoption and use.
5 The value of some complementary resources can be viewed

as affecting the gross benefits of adoption. For example,

knowledge spillovers may be viewed as improving the benefits

of adopting some e-commerce services. We view the value of

such improvements as lowering the costs of achieving a certain

level of service.
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technology infrastructure; (2) labor market thick-

ness; and (3) knowledge spillovers. These are clo-

sely related to the three major reasons given for

industrial agglomeration (e.g., [35,24]). The avail-

ability of low-cost complementary inputs, such as
broadband services or Internet access, will have a

major impact on the cost of adopting participation

or enhancement. Labor market thickness is closely

related to complementary inputs. Adoption of new

technologies often requires specialized technical

skills not available within the firm and which must

be procured either by hiring additional workers or

through arms-length contracting. In other words,
locating in an urban center acts as a complement

to the use of advanced Internet technology. In

shorthand, Internet technology is a complement

to urban agglomeration.

� Industry composition theory asserts that de-

mand for the Internet increases with urban density

because information-intensive firms tend to inha-

bit more urban areas (i.e., dB/dxi > 0, where xi is
density). As opposed to urban density theory,

which has three different reasons for this hypothe-

sis, industry composition theory relies on two pre-

mises. First, some establishments place higher

value on information-intensive activities than oth-

ers in ways that vary systematically across industry

and establishment size. Second, establishments

from the same industry tend to cluster in similar
places for many reasons to take advantage of

thicker labor markets and other shared local re-

sources [24]. Concentration of Internet technol-

ogy-intensive activity in one location could have

little to do with the use of frontier Internet tech-

nology. If previous decisions to concentrate activ-

ity results in the clustering of some types of firms

in urban areas, then it can result in a concentration
of adoption of new Internet technology in urban

areas. 6
6 We note that variations in industry composition may also

be complementary to the location-specific benefits detailed in

urban density theory. Increases in the information intensity of

firms may lead to entry by third-party IT service providers,

increasing the marginal benefit of being located in a large and

dense location. Such complementarity is very difficult to test in

a cross-section. See [16] for further details.
� Simple versus complex applications of a GPT:

Microstudies of the adoption of computing tech-

nology argue that co-invention costs shape invest-

ments by business users [6]. Co-invention expenses

arise when a GPT is adapted for commercial use.
Co-invention requires high-quality labor inputs

or third-party technological mediators that may

cost more in sparsely populated areas than in ur-

ban areas.

Previous work (e.g., [13]) has shown that some

simple Internet applications were viable as soon

as the Internet commercialized. These simple

applications were technologically mature, their
technical costs of adoption were low, and they re-

quired little complementary innovation to be used

successfully. In contrast, the complex applications

that we label as ‘‘enhancements’’ required time, ex-

pense and invention to become viable with busi-

ness users. To put it another way, these complex

applications were at an earlier stage of diffusion.

Because of their immaturity, they were harder to
implement technically. More importantly, organi-

zations were still learning how to use them. These

complex technologies often involved considerable

complementary innovation to be implemented

successfully.

Therefore, co-invention theory forecasts that

urban density theory is likely to be stronger for

the diffusion of a complex application. That is,
dCC/dxi < dCS/dxi < 0, where CC is the cost for a

complex application and where CS is the cost for

a simple application. In other words, the combina-

tion of urban density and co-invention theories

suggest that adoption of a complex technology

should be more sensitive to increases in population

density than adoption of a simple one.
4. Data and method

The data we use for this study come from the

Harte Hanks Market Intelligence CI Technology

database (hereafter CI database). 7 The CI data-

base contains establishment-level data on: (1)
7 This section provides an overview of our methodology. For

a more detailed discussion, see [14].
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establishment characteristics, such as number of

employees, industry and location; (2) use of tech-

nology hardware and software, such as computers,

networking equipment, printers and other office

equipment; and (3) use of Internet applications
and other networking services. Harte Hanks Mar-

ket Intelligence (hereafter HH) collects this infor-

mation to resell as a tool for the marketing

divisions at technology companies. Interview

teams survey establishments throughout the calen-

dar year; our sample contains the most current

information as of December 2000.

Harte Hanks tracks over 300,000 establish-
ments in the US. Since we focus on commercial

Internet use, we exclude government establish-

ments, military establishments and nonprofit

establishments, mostly in higher education. Our

sample contains all commercial establishments

from the CI database that contain over 100

employees, 115,671 establishments in all; and HH

provides one observation per establishment. We
will use the 86,879 observations with complete

data generated between June 1998 and December

2000. We adopt a strategy of utilizing as many

observations as possible because we need many

observations for thinly populated areas. 8 This

necessitates routine adjustments of the data for

the timing and type of the survey given by HH.

4.1. Sample construction and statistical method

Using two survey forms, HH surveyed estab-

lishments at different times. To adjust for differ-

ences in survey time and type, we

econometrically estimate the relationship between

an establishment�s decision to adopt Internet tech-

nology as a function of its industry, location, tim-
ing of survey and form of survey. In the section

below, we describe the econometric model using

our measure of simple Internet technology (partic-

ipation) as the dependent variable; the model for
8 If we were only interested in the features of the most

populated regions of the country, then we could easily rely

solely on the most recent data from the latter half of 2000,

about 40% of the data. However, using only this data would

result in a very small number of observations for most regions

with under one million in population.
complex technology (enhancement) is exactly the

same.

To be precise, our endogenous variable will be

yj. The variable yj is latent. We observe whether

the establishment makes a discrete choice when
it, for example, chooses participation or enhance-

ment. In either case, the observed decision takes

on a value of either one or zero. We will define

these endogenous variables more precisely below.

We assume that the value to an establishment j

of participating in the Internet is

yj ¼
X

i

aidij þ
X

l

bldlj þ
X

t

ctdtj

þ
X

t>19905

dtdtjdpj þ
X

p

/xpj þ ej; ð1Þ

where dij and dlj are dummy variables indicating

the industry and location of the establishment, dtj
indicates the month in which the establishment

was surveyed, and dpj indicates whether the estab-

lishment responded to the long survey. 9 The vari-

ables xj denote other location-specific and

establishment-specific variables, such as popula-
tion size, density, firm size, and whether the firm

is a single- or multi-establishment firm, as well as

interactions between these variables. If we assume

the error term ej is i.i.d. normal, then the probabil-

ity that establishment j participates is a probit. The

probability of adopting enhancement can be writ-

ten similarly.

We assume the adoption decisions of establish-
ments are independent of one another. Such an

assumption is questionable for multi-establish-

ment firms in which a central decision-maker coor-

dinates the decision to adopt for all of the

establishments under his domain. As a robustness

check, we estimated additional models in which we

allowed the decision to adopt Internet technology

to be a function of the decisions of other establish-
ments within the same firm, and then measured

whether this alters the estimate of the coefficient
9 We interact the long survey dummy with time. This

controls for endogeneity of survey. If establishments are

selected for the long survey endogenously by HH, then the

impact of receiving the long survey on adoption may vary over

time.
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on location, while instrumenting for decisions else-

where. The results remain qualitatively the same.
5. Defining simple and complex applications

We identify two types of Internet applications

used by establishments: participation and enhance-

ment. 10 The first is simple and requires little

co-invention. The second is complex and requires

significant co-invention.

Participation. Participation is affiliated with ba-

sic communications, such as email use, browsing,
and passive document sharing. It represents our

measure of the minimal Internet investment re-

quired to do business on the Internet. We identify

participation when an establishment has basic

Internet access or has made any type of frontier

investment. 11

Enhancement. Enhancement, on the other hand,

is affiliated with Internet technologies that either
change existing internal operations or implement

new services. 12 Enhancement is linked to the pro-

ductive advance of firms and the economic growth

of the regions in which these firms reside. It usually

arrives as part of other intermediate goods, such as

software, computing or networking equipment.

Benefits accrue to the establishment that employs

enhancement through the addition of competitive
advantage, but the costs and delays of this activity

vary widely.
10 An alternative strategy would be to treat Internet technol-

ogy as fungible IT capital and employ an adoption measure that

treated all Internet investment equally. Such a strategy would

ignore the considerable heterogeneity in costs and benefits

across purposes.
11 To be counted as participating in the Internet, an

establishment must engage in two or more of the following

activities: (1) have an Internet service provider; (2) indicate it

has basic access; (3) use commerce, customer service, education,

extranet, homepage, publications, purchasing or technical

support; (4) use the Internet for research or have an intranet

or email based on TCP/IP protocols; (5) indicate there are

Internet users or Internet developers on site; or (6) outsource

some Internet activities. We looked for two or more activities to

guard against ‘‘false positives.’’ This was a minor issue as the

vast majority of positive responses involved use of more than

one of these criteria.
12 See for example, [25,20], or [8].
Enhancement activity is less transparent than

participation in the survey. We look for indica-

tions that an establishment must have made the

type of investment commonly thought of as e-com-

merce. We identify enhancement from the presence
of substantial investments in e-commerce or e-

business applications. To provide confidence that

we are measuring substantial investment, we look

for commitment to two or more of the following

projects: Internet-based enterprise resource plan-

ning or TCP/IP-based applications in customer

service, education, extranet, publications, purchas-

ing or technical support. 13, 14
6. The dispersion of participation and enhancement

In this section, we seek to characterize differ-

ences in average participation and enhancement

rates across industries and locations. We used the

Census Bureau�s 1999 County Business Patterns
data to weight observations and obtain a represen-

tative sample.

In Table 1, we present average rates for partic-

ipation and enhancement across types of locations

in the US. Looking first at the country-wide fig-

ures, participation is widespread, and is under-

taken by 88.6% of establishments. Consistent

with GPT theory, levels of adoption of more com-
plex enhancement technologies are lower (12.6%).
13 We tested slight variations on this threshold and did not

find qualitatively different results.
14 In brief, an establishment is counted as enhancing business

processes when two or more hold: (1) the establishment uses

two or more languages commonly used for web applications,

such as Active-X, Java, CGI, Perl, VB Script, or XML; (2) the

establishment has over five Internet developers; (3) the estab-

lishment has two or more ‘‘e-business’’ applications such as

customer service, education, extranet, publications, purchasing,

or technical support; (4) the establishment reports LAN

software that performs one of several functions: e-commerce,

enterprise resource planning, web development, or web server;

(5) the establishment has an Internet server that is a UNIX

workstation or server, mainframe, or minicomputer, or has five

or more PC servers, or has Internet storage greater than 20

gigabytes; (6) the establishment answers three or more ques-

tions related to Internet server software, Internet/web software,

or intranet applications. For a more precise description of some

exceptional cases, see the appendix to [14].



Table 1

Average adoption by size of metropolitan statistical area

Population Average

participation

Average

enhancement

Non-MSA 85.1% 10.6%

<250,000 75.5% 9.9%

250,000-1 million 84.9% 11.2%

>1 million 90.4% 14.7%

Nationwide 88.6% 12.6%
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In Table 1, we further examine general tenden-

cies by showing participation and enhancement

rates across types of locations in the US. Table 1

shows sizable differences in participation and
enhancement between large urban, small urban,

and rural areas. On the surface, this evidence sup-

ports either urban density theory or industry com-

position theory. We see that large MSAs are

somewhat exceptional, with an average participa-

tion rate of 90.4%. Participation rates in med-

ium-sized MSAs and rural (non-MSA) areas are

lower at 84.9% and 85.1%, respectively. In small
MSAs the participation rates are even lower,

75.5% on average. 15

The disparities in adoption rates for enhance-

ment are even greater. Again large MSAs are

somewhat exceptional. Establishments in large

MSAs have adoption rates of 14.7%. In medium

MSAs, it averages 11.2%. In small MSAs the rates

are even lower, 9.9% on average. Average adop-
tion rates in large MSAs are almost one-third

greater than in medium MSAs. These averages

suggest that the urban density theory or industry

composition theory may hold. 16 To identify be-

tween them, we will need to identify the marginal

effect of location while holding constant industry

composition. We address this in the following

section.
15 From this point forward, MSAs with populations greater

than 1 million will be referred to as large MSAs, those with

between 250,000 and 999,999 will be medium MSAs, those with

less than 250,000 will be small MSAs, and non-MSA areas will

be called rural.
16 For further details on the variance of average rates of

Internet adoption, see [15].
7. The marginal impact of population concentration

7.1. The marginal impact of location

In this section, we continue to estimate Eq. (1),
but our focus is now on estimating the parameters

/. We weight observations by the inverse probabil-

ity that an establishment will appear in our

sample. 17

Table 2 presents the marginal effects from our

probits. All probit regressions include dummy

variables for three-digit North American Industry

Classification System (NAICS), the month the
data were collected, and whether the establishment

was part of a multi-establishment firm. Employ-

ment and employment squared were also included

as controls. Population was measured at the MSA

level and density at the county level.

Participation. From Table 2, it is clear there is

no support for the urban density theory. Control-

ling for industry and firm characteristics, location
size and density has little impact on the decision

to adopt at the participation level. If anything,

the effects of location size and density support

the global village theory. To be sure, the impact

of geography is of limited economic and statistical

significance, so the support is weak. For column 1,

we use non-urban state areas (i.e., non-MSAs) for

the base, and the results in Table 2 show that med-
ium and large MSAs are 0.5–1.0% less likely to

have adopted participation by the end of 2000.

However, the effect is only significantly different

from rural areas for medium MSAs. Moreover,

this effect is only of marginal economic significance

as participation rates average 88.6%.

In column 2, we identify the effects of size

through a variable that captures the effects of in-
creases in population in urban areas. Increases in

population size decrease the probability of partic-

ipation, though the effects are statistically insignif-

icant. In column 4, we include dummies for
17 This weighting corrects for potential sampling bias created

by differences between the Harte Hanks data sample and the

true population distribution in Census County Business Pat-

terns (CBP) data. We use ‘‘sampling weights’’ as described in

the User�s Guide to [29]. For further details on differences

between the Harte Hanks data and CBP data, see [14].



Table 2

Marginal effects from weighted probit regressions (standard errors in parentheses)

Participation Enhancement

(1) (2) (3) (4) (5) (6) (7) (8)

Small MSA 0.0021 0.0035

(0.0064) (0.0062)

Medium MSA �0.011 0.008

(0.0052)* (0.0048)***

Large MSA �0.0058 0.0110

(0.0045) (0.0039)**

MSA population �8.89e � 10 3.06e � 09 �1.54e � 10 3.67e � 09

(8.56e � 10) (2.30e � 09) (5.67e � 10) (2.02e � 09)***

MSA population

squared

�4.37e � 16 �4.18e � 16

Medium-low

density

(2.55e � 16)*** (2.17e � 16)***

Medium-high

density

�0.00385 0.00485

(0.00440) (0.00399)

�0.00639 0.0154

(0.00456) (0.00450)**

High density �0.00400 0.0103

(0.00508) (0.00406)*

Notes. Standard errors are in parentheses.

(1) non-MSA is the base for these regressions.

(1) and (3) Since no meaningful population data was available for non-MSA areas, we include a ‘‘rural area’’ dummy variable in each

of these regressions. The population and density variables were interacted with (1-RURAL). Therefore, the coefficients on the

population variables do not include non-MSA areas.

(4) low density is the base for these regressions. One quarter of the observations fit into each density type.
* Significant at 95% confidence level.
** Significant at 99% confidence level.

*** Significant at 90% confidence level.
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population density. This alternative specification

gives very similar results. Variation in population

density does not affect participation by more than

1%, and is always statistically insignificant.

Enhancement. The effects of population size and

density on enhancement support the urban density

theory. Column 5 in Table 2 shows that establish-

ments in medium and large MSAs are 0.8–1.1%
more likely to adopt enhancement. Column 8

shows that establishments in medium- and high-

density regions are 1.5–1.0% more likely to adopt

enhancement. All of these effects are statistically

significant. They are economically significant in

light of the average enhancement rates of 12.6%.

The contrast between participation and

enhancement is informative. Studies of the adop-
tion of computing technology argue that co-inven-

tion costs shape investments by business users [6].
Co-invention expenses arise when aGPT is adapted

for commercial use. In the case of the Internet, co-

invention involved the local demands of business

establishments and the supply constraints of mar-

kets for Internet technology infrastructure and ser-

vices. Co-invention theory forecasts that urban

density theory is likely to be stronger for the diffu-

sion of a complex application, a hypothesis that is
supported in our data.

7.2. The role of industry composition

The differences between Tables 1 and 2 show

that the effects of location on participation and

enhancement fall if controls for establishment size,

industry, and firm status are included. This sug-
gests that although the global village and urban

density theories may explain some of the variance



Table 3

Contribution of industry and location to explaining adoption decisions

Participation Enhancement

Pseudo R2 Log likelihood Pseudo R2 Log likelihood

Full model 0.2339 �33093.4 0.0672 �28443.4

No MSA dummies 0.2251 �33475.0 0.0591 �28701.4

No NAICS dummies 0.1526 �36604.2 0.0347 �29434.6

Notes. Cities defined by CMSA. All regressions include establishment controls for size and multi-establishment status. The third row

includes the regression with these controls plus location (MSA) dummies only, the second row has industry (NAICS) dummies only,

and the first row has both industry and location dummies.

Table 4

Importance of industry and population on enhancement

(1) Enhancement (2) Enhancement (3) Enhancement (4) Enhancement

(a) Percent firms in top quartile 0.259*** 0.214*** 0.200*** 0.212***

(0.0291) (0.0388) (0.0498) (0.0612)

(b) MSA population greater than 1 million 0.0127* 0.0189

(0.00719) (0.0221)

(c) MSA population between 250,000 and 1 million 0.00331 0.000163

(0.00479) (0.0132)

(a)*(b) 0.0560 �0.0250

(0.0360) (0.105)

(a)*(c) 0.0238 0.0199

(0.0322) (0.0876)

Constant 0.0706*** 0.0739*** 0.0758*** 0.0742***

(0.00496) (0.00538) (0.00598) (0.00768)

R-sq 0.1995 0.2074 0.2060 0.2079

Notes. Standard errors in parentheses. Percent firms in top quartile is a measure of the percentage of firms in the top quartile of

enhancement adopters.
* Significant at 90% confidence level.

** Significant at 95% confidence level.
*** Significant at 99% confidence level.
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in simple and complex Internet technology adop-

tion, industry composition is also supported.

In fact, industry composition explains much

more of the variation in participation and

enhancement rates than location. Once industry

is controlled for, the incremental contribution of

location in the probit regressions is small. This is

shown in Table 3. The pseudo-R2 of a probit for
participation including location dummies only

(no NAICS dummies) is 0.1526, whereas the pseu-

do-R2 of a probit with industry dummies only (no

MSA dummies) is 0.2251. 18 Adding location

dummies to a probit that includes industry dum-

mies improves the fit only marginally, from
18 We continue to include establishment controls for size and

multi-establishment firm status in these models.
0.2251 to 0.2339. Enhancement displays a similar

pattern.

For industry composition theory to be true,

however, leading industries must also be concen-

trated in large urban areas. Table 4 provides a par-

tial test of this proposition. 19 It shows the results

from a simple regression that predicts enhance-

ment for an MSA, illustrating the effect of area size
and industry presence. In this regression, we in-

clude a variable that indicates the percentage of

establishments from the top quartile of enhance-

ment adopters. Though this measure of industry

selects on the endogenous variable, we note that

the list of industries that are leading adopters of
19 For further analysis of how industry composition shapes

the geographic variance in adoption, see [16].
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IT have changed little over time [12,14]. The coef-

ficient shows that a 10% drop in the percent of

firms from leading industries (from e.g., 30% to

20%) would lead to a 2% drop in the enhancement

rate within an MSA. The importance of industry
continues to come through even with the addition

of MSA size effects and interaction terms. 20 In

sum, an area is advanced because its establish-

ments happen to come from a leading industry.

To be fair, the presence of leading industries is

not the only factor, but it is an important one. It

alone explains 20% of the variance in

enhancement.
Table 4 provides a foundation for an intuitively

appealing observation – urban areas are comprised

of establishments with a disproportionate ten-

dency to be information-intensive. To be concrete,

within large MSAs, 27.5% of establishments are in

industries that are part of the top quartile of

adopters, compared to 19.0% of establishments

in small urban areas. The geographic dispersion
of establishments from these industries favored

large urban areas prior to the diffusion of the

Internet and largely contributed to higher rates

of participation and enhancement in large urban

areas.
8. Conclusions

These findings contribute to the debate of

whether new IT is a complement or substitute to

urban agglomeration. We infer that geographically

isolated establishments appeared to enjoy higher

gross benefits because of initially high inter-orga-

nizational communication costs and few commu-

nications substitutes. Because the technology
behind participation was well developed and re-

quired little co-invention, there was little variation

in costs across different geographic areas. By 2000,

participation had spread geographically through-

out the country. The relationship between partici-

pation and agglomeration was, if anything, one of

substitutes.
20 We tried a number of variations on the same type of

regression, with similar qualitative results. Hence, we show the

simplest result here.
In contrast, enhancement technologies were

complex and required substantial co-invention to

be used successfully. We infer that enhancement

and urban areas were complements over a time

period in which Internet technology was diffusing.
Establishments located in urban areas benefited

from a combination of benefits, including thicker

labor markets, availability of complementary in-

puts, and knowledge spillovers. Thus, adoption

costs were lower in urban areas.

Although location played an important role in

the diffusion of participation and enhancement,

we showed that over the short run its role was sec-
ondary to that of industry. Among major urban

areas, we observed a large number of locations

with little difference in the extent to which specific

areas contributed, on the margin, to the adoption

of frontier technology. There appears to be a sense

in which many urban areas are meaningful substi-

tutes for each other in their contribution to the use

of advanced technology.

8.1. Implication for managers

For practitioners, these results suggest that

Internet technology may be useful in lowering

coordination costs associated with distance. We

showed that firms located in rural areas were

somewhat more likely to adopt simple Internet
technologies. However, reports of the dissolution

of the city may be premature. We showed that

establishments located in large urban areas had ac-

cess to complementary resources that increased the

likelihood of adopting complex Internet technolo-

gies. This suggests that managers of IT-intensive

firms should continue to consider the value of such

complementary resources when making firm loca-
tion decisions. It remains for future work to sort

out how these competing forces shape how new

IT impacts firm location decisions.

Moreover, these results suggest that managers

need to readjust their expectations for the speed

of diffusion of complex technologies such as

enhancement. They suggest that the rapid diffusion

of early Internet technologies was caused by
unusually high net benefits of adoption and low

co-invention costs. Adopters of enhancement face

some of the usual barriers to diffusion: technical
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costs, missing complementary technologies, learn-

ing costs, and co-invention. Demanders of Internet

technologies should recognize this will likely trans-

late into slower diffusion of e-commerce technolo-

gies among partners up and down the supply
chain. For suppliers of Internet hardware and soft-

ware, this will translate into lower projections for

firm growth.
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