An Empirical Investigation of the Digital Divide in the United States

DANILO PELLETIERE

Center for Regional Analysis, School of Public Policy, George Mason University

G. CHRIS RODRIGO

School of Public Policy, George Mason University

Abstract: The digital divide is a signifier of unequal access to the Internet. More broadly it is a measure of the unequal distribution of benefits deriving from information technology and communications networks. This paper provides an analysis of the patterns of Internet information production and consumption using simple OLS regression.  By examining changes in key variables over the short time for which data is available, it also generates some expectations about how these patterns are likely to change.  The conclusion is that while Internet use appears to be diffusing across states, information production is becoming more concentrated in highly urbanized states.
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1. Introduction


The emergence of the Internet as a popular communications network over the past decade has certainly had some remarkable implications for commerce, education, and even personal relationships.  

One of the most interesting and pressing policy issues of recent years, however, is the so-called "digital divide."  The Internet is clearly a technology that has the potential to remove, or at least reduce, barriers once access is realized.  Therefore, in its simplest formulation the digital divide is thought of as the gap between those who have access to the Internet and those who do not.  But this is not the whole story.  A more sophisticated formulation recognizes that all types of access to the Internet are not similar.  Instead, access must be qualified by the bandwidth available, and where, when, and for how long the connections are sustained.

The presence and quality of a connection are not the only factors in the digital divide. As we have discussed elsewhere (Pelletiere and Rodrigo 2001), in economic terms the Internet cannot be understood simply as a physical infrastructure network that lowers the cost of information transfers.  It is also a network of people and information.  This has three further implications.  First, gaining access to information on the network requires more than mere physical access to the Internet.  Insufficient knowledge about how to identify the information needed, inadequate searching and sorting skills or general deficiencies in education, can pose significant barriers to effective use of Internet-based information sources.  Increasingly the ability to purchase membership or pay for access is becoming an important barrier to information and services.  

Second, just as with any transportation network, the benefits of information flow and the associated costs of the system cannot be expected to balance automatically.  While some use the network to buy, others use it to sell; while some provide information, other consume it; while some engage in fraud, others are victimized by fraud, and so on.  Finally, many of the "benefits" of the Internet continue to have physical manifestations: goods are delivered to the door, communication on-line leads to face-to-face encounters; and information delivered on-line leads to a different course of action "off-line."  These types of "real world" results may have non-trivial costs just as they did before the onset of popular Internet use.

Therefore, in order to adequately address the problems generated by the digital divide, policy makers will have to address not only issues of access, but also the incidence of costs and benefits associated with this access for individual users.

In recent years a number of studies have focused on the spatial distribution of the physical components of the Internet (Gorman 1998; Malecki and Gorman 2000; Moss and Townsend 2000a&b).  Others have looked at the distributions of Internet Service Providers (ISPs) (Greenstein 1998), the proliferation of "dot-coms" (Zook 2000a, 2000b) and attempted to explain the spatial variation of dot-com concentration patterns within cities (Kolko 2000). The consensus that emerges from this work is that the Internet favors large cities, particularly those where high-tech and information technology industries are concentrated. See Pelletiere and Rodrigo (2001) for a review.


This paper seeks to contribute to this literature by differentiating between extent and dispersion of the Internet in the consumption of information in the US and the supply of Internet information sites by providers to offer new services or establish new businesses.  We also move the unit of analysis from metropolitan areas (used in the earlier literature) to the aggregated state level. Expressed more generally, we seek to test whether by cutting the costs of spatial information transfer, the Internet is reducing the benefits of locational proximity for information exchange. The growth and spatial dispersion of Internet access might well lead to the dispersion of hitherto concentrated production sites of on-line information, which are the goods and services of the Internet.  

Internet use and on-line information production will be approximated in the model by two indices IUH and DESI. The first index, taken from the Current Population Survey (the CPS variable PRS1), tracks Internet use at home (abbreviated IUH) by respondents.  Of the survey variables on Internet use, this one seems to give the clearest indication of Internet penetration.  The second variable, which tracks on-line information production, is the domain to employment location quotient, or DESI (for domain to employment specialization index)
, based on a survey of dot-com domain name registrations (socrates.berkeley.edu/~zook/domain_names/).  While a dot-com domain is an imperfect indicator of commercial or other activity on the web
 it does flag a decision by an individual or firm to use the Internet in a "more sophisticated manner" (Zook 2000a). By and large information goods and services currently distributed on-line, are made available through a dot-com address.  Since, firms and individuals must provide an address when registering their domain name, this provides a geographic location. Zook (2000a) has tested these registrations in numerous ways, including against the Corptech firm database. He has found the registration addresses to be a robust indicator of where the firm is generating on-line content and where the service is located.

By comparing the penetration of the Internet with the distribution of dot-coms across the contiguous 48 U.S. States, we are able to more generally examine the emerging relationship between patterns of information consumption and information production, and provide an indication of whether expanding and extending access to the Internet is also leading to a dispersion of more sophisticated Internet activity.  


The first relationship in which we are interested is simply whether the distribution of Internet use across states is significantly different from the distribution of dot-com domains. The second relationship to examine is whether factors that explain the distribution of domains are the same factors that explain the penetration of the Internet in general. Finally, we must ask whether these patterns are dynamic, and what is the direction of change? Are the relationships becoming stronger or weaker? Given the recent emergence of the commercial Internet, its dynamic evolution, and the limitations of the data, only preliminary evidence can be generated as regards this last issue.


The study finds that the concentration of dot-com domains in a state is highly dependent on urbanization and to a lesser degree on the proportion of the population with a college education.  The only significant predictor of Internet use, however, is the proportion of the population with a college education.  When changes in these two Internet variables are made the dependent variable, we find that urbanization is the most important predictor of growth of both variables.  It is a positive predictor of growth in dot-com concentrations but a negative predictor of growth in Internet use.  These admittedly preliminary results indicate that while Internet use continues to disperse across states, away from urbanized areas, Internet business location definitely does not.

2. The Model

We use a simple linear model with the following explanatory variables to explain Internet use and dot-com concentration.  These variables are defined further below.

NET = ( + (1IPC + (2EDU + (3URB + (
NET is one of the two Internet-use variables IUH or DESI; 

IPC is state per capita personal income (1998);

EDU is the percent of the state population possessing a bachelor's degree in 1998; 

URB is the percent of the state population in urban areas (1990). 

2.1 Internet information consumption (IUH) and supply (DESI)

As a measure of Internet consumption we chose the Internet use at home variable IUH, described above.  This variable appears to give a good indication of general patterns of Internet use.  For a measure of Internet content production sites we use the variable DESI, described above, derived from Zook's 1998 dot-com domain registration survey.  DESI controls for variations in the size of various state economies by pro-rating domains by employment totals for each state.

 2.2 Income per capita (IPC)

Though the Internet offers vast functionality at a fraction of the cost of previous technologies, users still face non-negligible hardware, access, and service costs. Therefore, income (IPC) is a likely factor in the use of the Internet and states with lower per capita incomes might be expected to have lower penetration rates as well. Also, it is possible that profit-seeking firms will provide and market higher levels of access and capacity in states where incomes and returns are higher (Gorman, 1998; Moss and Townsend 2000). Thus a negative relationship between income and DESI may also flag such infrastructure-related barriers. Ultimately, however, the lower costs may drive Internet firms to locate in lower-income states where capacity can be made easily available. 


Therefore, even if income is a significant factor today, we might expect to see its significance diminish over time as networks are extended and access costs decline. Dot-coms may increasingly either migrate or be started in lower income, lower wage states. This result would support the neoclassical view and the death of distance hypothesis.

2.3 Education (EDU) 


A second important variable in the distribution of the Internet is likely to be education (EDU). Here we use the CPS 1998 estimate of the percentage of the states’ population possessing a Bachelor's degree or higher. There are two reasons to believe that education is an enabling variable in the distribution of Internet use and dot-coms across states. First, the Internet began with government researchers and was extended first to colleges and universities. Therefore university graduates are more likely to have come in contact with the Internet, and therefore more likely to be users today. Further, we might hypothesize that these initial users may be farther along in developing dot-coms today based on the advantage they received from being introduced to the Internet earlier. Again, we might expect these relationships to decline somewhat over time as the technology matures and more people become aware of the Internet and its potential. 


The second reason to use education as an explanatory variable is that the Internet has yet to shed the vestiges of its former function as a communications network for scientists and academics. Though ever more popular material is available, and searching and surfing are becoming more user friendly, it may still be more accessible to those with higher education. Thus once again, we might expect the relationship between education and use to diminish over time.  


In the case of dot-coms, on the one hand we might expect them to locate near educated populations for the purpose of hiring educated employees. On the other hand, as the industry moves through its lifecycle and takes advantage of the ability to interact from a distance, this relationship may change. Also as educated people need no longer to live in proximity to the companies that require their skills, companies may move headquarters to lower cost sites or they may choose to maximize other location factors. Ultimately, this could lead to a convergence among states.

2.4 Urbanization (URB)


The final variable we use is the level of urbanization in the state (URB).  This variable becomes a proxy for the wider role that urban areas and urban populations play in economic development.  If the neoclassical assumption that a more efficient, more extensive information network will lead to dispersion of economic activities, we might expect to see little correlation between either Internet use or the distribution of dot-coms and urbanization.  We may also expect education and income levels to adequately explain the advantage that more urbanized states currently have.  In other words, urbanization on its own may have no explanatory power when the higher education and income levels of urbanized areas are accounted for.  It would be even more telling if a positive relationship was found to be weakening over time. 

If urbanization is significant for both Internet use and dot-com concentration, this might suggests that the Internet may not be diminishing the advantages of cities.  It may also suggest that the Internet itself (or at least its use) has not yet dispersed significantly beyond urbanized states and it is too early to test the relationship between the extension of the network and the dispersion of dot-coms.  

A third and more interesting possibility is that dot-coms are closely associated with urbanized states while Internet use is already more widely diffused across states
.  Indeed, if we find that dot-com concentration is growing in urbanized states even as Internet use disperses more widely, it would indicate that as information costs decline, the industries that use and distribute information will become more concentrated in order to take advantage of other pecuniary benefits deriving from agglomeration.  

3. Results

Test (1) in Table 1 shows the relationship between Internet use and distribution of Domains. We find that the coefficient is positive and significant, with an R-squared value near 0.5, suggesting that half of the variation in domains per employee can be explained by this more general Internet use variable. It also suggests, however, that nearly half the variation between these two variables is not explained by access alone.


When considered alone IPC (income per capita) is highly significant and positive as a predictor of the DESI index. When the education variable is added to the equation, the coefficient on IPC declines but is still significant.  Education is significant and positive as well, suggesting that states with higher education levels also have more domains per employee than do states with a lower percentage of their population possessing bachelor's degrees.  When we control for urbanization, however, in model 4, income is no longer significant, while both education and urbanization are. When we test our complete set of variables including Internet use at home in model 5, we find that only Internet use at home and urbanization are significant predictors of DESI. 

When Internet use at home IUH becomes the dependent variable, in Table 2 below, we find that the education level is the only consistent predictor.  Multicollinearity between education and IUH may explain education's lack of significance in model 5 of Table 1. Interestingly, with Internet use at home, the coefficient for urbanization is negative (though insignificant).

Next, we introduce an element of change (Table 3), by looking at the change in the DESI from 1998 to 2000.  The 2000 ratio was calculated using the domain count from January 2000 socrates.berkeley.edu/~zook/domain_names/) and using the corresponding employment estimates from the Bureau of Labor Statistics for January, 2000. The DESI from (July) 1998 was subtracted from that of 2000 to show to what extent the number of domains per employee had grown in this 18 month period. We find that urbanization is the best predictor of high per employee domain growth. Education, however, is not a significant variable. In model 12 (Table 3), we see that adding Internet use at home does not add any explanatory power to the model.  

When we look at change for Internet use at home IUH, (i.e. the 1997
 CPS results subtracted from the 1998 CPS results) (Table 4), the variables that were able to explain over half of the variance in DESI across the 48 states, appear to explain very little of the variance in the growth in Internet use across states. Interestingly, however, the coefficient on percent urban is negative, as it was above, and significant - though only at the 90% level. Given that this is only a single year change and that there was some variation in the way the question was asked, it is not possible to put much reliance on these results.  

Still, looking at Map 4, however, provides some illumination.  The largest jumps in percent of people using the Internet at home according to the CPS data are in rural states such as Montana, South Dakota, and Alabama.  The only overlap in the high growth of the DESI index (Map 3) and large changes in the IUH index (Map 3) is the state of Washington.  In fact, according to this map, while some states such as Nebraska do not score high for either case, most of the states that have the largest jump in home use are among the lowest in terms of domains per employee growth. This is the case for Montana, South Dakota, Iowa, Indiana, Kentucky, West Virginia, Alabama, Arkansas, and Vermont.  Rhode Island and Oregon, however, are in the middle group in the domain per employee rankings and high in use. Once again, given the limitations of the data and the model, these results are interesting but must clearly be considered tentative.

Comparing the single year map to the map showing growth, it is clear that domain concentration in 1998 (Map 1) roughly corresponds to high growth concentration from 1998 to 2000 (Map 3).  States such as California, Washington, Florida and New York had high concentrations in 1998 and also grew the fastest in the subsequent two years.  On the other hand, some of the states that had the lowest home use in 1998 (Map 2), had grown the fastest from the previous year (Map 4); examples are West Virginia and Kentucky.

4. Conclusion and Future Research


The results described here provide preliminary evidence to support the hypothesis that extension and expansion of the Internet will not necessarily lead to the dispersion of the production of Internet information goods and services. Though urbanization remains an important factor in explaining the distribution of dot-coms and growth in the number of dot-coms per employee, only education seems to be important in the distribution of Internet use at home. There is some evidence that the relationship between dot-coms per employee and urbanization is strengthening, while changes in home use and urbanization have a negative relationship. Internet use appears to be growing fastest in states with a lower percent of their population in urban areas. These results must be interpreted with  care, however, given the limited time period over which the changes were observed.


In a more general sense, the results of this study indicate support for the hypothesis that lowering information costs do not diminish and may in fact complement the advantages of location and proximity, even in the Information Age.


This question will have to be tested further in years to come as data over longer time spans become available. Also, it is necessary to investigate patterns of spatial autocorrelation, for while location may still be important, beyond a certain threshold we might well ask whether distance still is.  

Table 1: Regression of the DESI index against explanatory variables














**Significant at the 99% level

Table 2 Regression of the IUH index against explanatory variables












**Significant at the 99% level

Table 3: Regression of changes in the DESI index against explanatory variables
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*Significant at the 90% level, **Significant at the 99% level

Table 4: Regression of changes in the IUH index against explanatory variables












*Significant at the 90% level
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Map 2 State-wise distribution of IUH index
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Map 3 Changes in DESI 1998-2000
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Map 4: Changes in IUH 1997-1998
Map � SEQ Map \* ARABIC �1�: State-wise distribution of DESI 1998 index








� An earlier version was presented at the Western Economics Association annual conference in 2000.


�state dot-coms/state employment*1000; the 1000 factor facilitates comparisons across individual states.


�For a broader discussion see Zook (2000a); Moss and Townsend (2000); or Pelletiere and Rodrigo 2000.


� Previous work by both Zook (2000a, 2000b) and Kolko (2000a, 2000b) suggests  that dot-coms are negatively associated with urbanization. This unlikely result would call into question our model.


�1997 was the previous time that a similar question about Internet use at home was asked in the CPS. 
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