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ABSTRACT 
 
This exploratory empirical study examines patterns of utilization of information and communications 
technologies (ICTs) and predictors of ICT utilization in the counties of the US. A conceptual model of 
ICT utilization posits twenty ICT dependent variables to be associated with nine demographic, 
economic, and education independent variables. Patterns of ICT utilization in US counties are identified 
by descriptive mapping of dependent variables. Regression findings indicate that college education, 
urban location, labor force participation, and Asian ethnicity have significantly positive association for 
most dependent variables, while Black and Hispanic ethnicities have largely inverse associations. We 
indicate the need for diagnostic testing of regression residuals to detect the presence of spatial bias.   
 

INTRODUCTION 
 
In this paper, we examine the demographic, socio-economic, governmental, and societal openness 
influences on information and communications technology (ICT) adoption and utilization in the counties 
of the United States. As the world’s largest economy, and a leading developed nation, the United States 
has developed to become one of the world’s leading information societies. In 2012, the US was ranked 
seventeenth among 157 nations by the International Telecommunication Union in terms of the ICT 
Development Index, a composite index comprised of eleven indicators of ICT access, utilization, and 
skills. While the US lags advanced economies such as the Nordic nations, Singapore, United Kingdom, 
smaller European nations such as Netherlands and Switzerland, and countries such as Australia and New 
Zealand in terms of ICT development, it must be borne in mind that the US is among the most populous 
nations worldwide and also diverse in terms of factors that have been traditionally acknowledged to 
influence the digital divide within and between nations. 
 
The digital divide has been defined as “the gap between individuals, households, businesses and 
geographic areas at different socio-economic levels with regard both to their opportunities to access 
information and communication technologies and to their use of the Internet for a wide variety of 
activities [5].’’ Data from the 2010 Current Population Survey (CPS) of the US Census Bureau indicate 
that as of October 2010, 68 percent of households accessed broadband internet service, an increase of 64 
percent since 2000. During the same time period, landline telephone subscription unsurprisingly grew by 
only 2 percent. On the other hand, at 310 million mobile cellular telephone subscribers, the US ranked 
third worldwide behind China and India in terms of this indicator in 2012. The CPS also found that more 
than three quarters of households owned a computer, the primary means by which households accessed 
the internet. Low computer use was found to be correlated with low broadband adoption. Both 



broadband adoption and computer use were found to be influenced by factors including income, 
education, race, ethnicity, household composition, age, geographic location, disability status, foreign 
born status. Given that the United States is a large and increasingly diverse nation in terms of social, 
political, economic, and demographic attributes, it is important to examine their influences on ICT 
adoption and utilization, and on the digital divide within the US. This motivates our research. Overall, 
our research questions are – (1) what are the factors that impact ICT adoption and utilization in US 
counties, and (2) how does ICT adoption and utilization vary geographically across US counties? 

 
CONCEPTUAL MODEL OF ICT UTILIZATION 

 
The conceptual model of ICT adoption and utilization in US counties, shown in Figure 1 was developed 
by induction from prior studies that have examined technology adoption and utilization in the US and 
other nations of the world, or from multi-national comparative studies of the digital divide. The 
independent variables have mostly been extensively researched in the digital divide literature and are 
grouped by category in the following discussion.   
 

Figure 1 Conceptual model of ICT utilization in US counties 

	  
	  
Demographic influences. Prior studies have documented an urban-rural differential for ICT utilization. 
NTIA provided evidence of such a differential for households using broadband in the home; rural 
households were found to trail their urban counterparts by slightly above 10 percent in 2010 [4]. It has 
been reasoned that more populous, wealthy urban regions in metropolitan areas with higher levels of 
educational attainment and higher median home values were more likely to have greater demand for 
broadband services. We posit that percent of urban population is associated with technology utilization 
in US counties. Evidence of significant disparities in broadband usage at home by different ethnic 
groups has also been documented; in 2010, Whites and Asians led Black and Hispanic households in 



broadband use by at least 18 percent [4]. Due to the disparity in internet access due to race and ethnicity 
we propose that race and ethnicity are associated with technology utilization in US counties; for Asians 
the association is posited as positive, and Blacks and Hispanics, the association is posited as negative. 
 
Economic influences. Economic factors such as income, integration in the global economy, international 
trade openness, R&D, degree of economic openness, and GDP have been widely cited to influence ICT 
diffusion and utilization. Income-based adoption disparity among individuals in the US for broadband 
has been documented; unemployed Americans, aged 16 years or older lag their employed counterparts 
in broadband usage by more than 10 percent in 2010 [4]. Professional, scientific, and technical services 
workforce has been found to be significantly associated with receipts and payroll in three technology 
sectors [1]. The rationale was such a services sector is comprised of scientists, engineers, medical and 
health professionals, university researchers, lawyers and attorneys, who are naturally inclined towards 
technology and are likely to be consumers of ICTs for research and development purposes. Construction 
costs, specifically installation and maintenance costs were found to be associated with the probability of 
cell tower location for a spatial econometric study of cell phone coverage in sub-Saharan Africa. We 
argue that in the US, the construction sector will impact the physical and infrastructural aspects of ICT 
development. Therefore, we posit that labor force participation, services sector employment, and 
construction sector employment are associated with technology utilization in US counties. 
 
Education influences. There is widespread evidence of the influence of education on ICT access and 
utilization. While adults with at least a Bachelor’s degree are very likely to use broadband internet at 
home (almost 85 percent in 2010), the level of utilization drops rapidly to slightly more than 50 percent 
for individuals with a high school diploma [4]. Education correlates such as college graduates per capita, 
level of educational attainment, enrollments in tertiary education and expenditures per student have been 
found to be significantly associated with internet use, broadband access, and computer use and for 
development of ICT capacity. Consequently, we posit that college graduation is associated with ICT 
availability and use. Government spending on education has been found to be associated with PCs, ICT 
expenditure, and ICT infrastructure quality [6]. Therefore, we also posit that local government education 
expense is associated with technology availability and use.  
 
Consistent with several previous studies, we include traditional ICT dependent variables such as 
households with access to broadband, mobile wireless, internet connectivity, computer ownership, cell 
phone ownership, and landline ownership. Novel is this study is the inclusion of three social media 
usage dependent variables of Facebook, Twitter, and LinkedIn website visits. Facebook and Twitter 
subscription have been included in previous digital divide studies [3,7]. We further include internet use 
dependent variables both for e-commerce purposes (making any online purchase, ordering through 
Amazon, conducting online banking, and billpay) as well as purposes such as using email, obtaining 
latest news, watching a movie, streaming a video using YouTube, or using a search engine (Google).  
 

METHODOLOGY AND RESULTS 
 
The methodology comprises statistical techniques of descriptive statistics, correlation analysis, mapping 
of variables using a geographic information system (GIS) and ordinary least squares (OLS) regression.  
Correlation analysis was applied in order to screen the independent variables for multi-collinearity. 
Geographic Information Systems (GIS) can be utilized as an exploratory method to spatially describe 



and understand patterns of distribution of variables. In this investigation, GIS mapping is done to 
visually observe outlying values for the variables, with focus on the technology-related dependent ones. 
Following mapping, ordinary least squares (OLS) regressions are performed for each technology 
dependent variable, in stepwise order, allowing in only those out of the nine independent variables with 
significance levels of equal or less than 0.05. Stepwise entry is appropriate for exploratory investigations 
of new relationships of factors, as is true presently. As an additional test of multi-collinearity, the 
variance inflation factor (VIF) is computed for each independent variable with a cut-off value of 5.0. 
 
Results 
 
The descriptive statistics of dependent variables indicate for 2012 high average values among U.S. 
counties for percent of households with access to broadband or to mobile wireless devices, both over 95 
percent. This access does not need to be at home. The national county average for percent of connection 
to high-speed Internet at home is 62 percent. There is high average value of 89 percent for any cellphone 
in household. Social media use is seen to have lower national country average percentages: for Facebook 
40.0 percent, Twitter 4.2 percent, and LinkedIn 3.5 percent. For the nation’s counties, the dominance of 
Facebook may reflect its significantly larger population of users than for the other two, as well as earlier 
adoption patterns especially among children and teens.  
 
The internet use dependent variable group indicates that percent of population using e-mail in the past 
30 days is 60.0 percent, while using Internet to obtain news is 35 percent, visiting YouTube in the last 
30 days is 28.5 percent; and watching a movie online is 8.0 percent. Nationally across all counties, 
internet movie use online had not caught on significantly, which might relate to insufficient broadband 
and high costs for the home in many areas of the nation, as well as movie display equipment cost. For 
the four e-commerce independent variables, there is substantial confirmation of online e-commerce 
nationwide for counties in the period 2010-2012.  For online banking, paying bills online, and making a 
purchase online, the county averages were in the range of 29-32 percent of persons of users, while the 
average percent ordering from Amazon over the prior year was 17 percent. These findings portend that 
internet e-commerce will become prevalent among the U.S. population and will be widely available 
across U.S. counties. 
 
The mapping findings are too extensive to examine entirely in this paper. For Access to Broadband in 
the Household, the values tend not to have outliers throughout the nation, except some lower values in 
remote parts of the Western U.S. and in poor, remote sections of West Virginia, and more inaccessible, 
peripheral parts of Alaska. This implies that the lower threshold of broadband access across the nation 
has been reached in the last few years. The distribution of Cellphone only households reveals a much 
more even geographic pattern than for most other dependent variables. High cellphone only counties are 
evenly scattered in most sections of the nation, with the exceptions of the much reduced prevalence in 
upper middle Midwest (farm belt from the Dakotas down to N. Texas) and in coastal New England and 
eastern Pennsylvania. Those lower prevalences relate to historical heavy fixed phone adoption. 
Computers in the Household, Facebook, Google, and High Speed Internet, and Any Internet in 
Household have similar patterns of high prevalence in the dense metropolitan band extending from New 
England down to Washington DC, in Chicago, Detroit, Minneapolis, and counties scattered across the 
western U.S. including the metropolitan areas of Denver, Salt Lake City, Seattle, and San Francisco Bay 
Area extending to coastal Southern California, as well as varying parts of Alaska. On the other hand, the 



Deep South, excluding Florida, and S.W. Texas has very low prevalences. This conforms to findings on 
technological variables at the state level [7]. Finally, the geographical county distribution of mobile 
wireless access in the household reveals a paucity of elevated outliers, which is expected due to its 
average county level of 95.4 percent. This pattern resembles Broadband Access in the Household, with 
reduced prevalence in W. Virginia/Kentucky and rural, remote counties in the upper Rocky Mountain 
States, New Mexico, and Alaska.  Again, those are the “holdouts” on what is now wide access stretching 
across the U.S. counties. 
 
Regression Findings 
 
The findings of the OLS regressions for the 20 dependent technology variables indicate high overall 
significance, as reflected in R squared values, all of which are significant at the 0.001 level. The VIF 
values are all lower than 5.0, indicating lack of multi-collinearity in the independent variables. The 
results are mostly consistent with prior studies, as seen for the following factors. (a) College Graduates:  
It is consistently highly significant, except for a weaker result for broadband access in household 
(p=0.05), and inverse results (p=0.001) for cellphone-only household and landline-only household. The 
explanation can be derived by viewing the maps for cellphone-only and landline-only households. Those 
distributions indicate low prevalence in the major metropolitan areas, cities with high levels of 
technology, while they have high prevalence in rural areas of lower technology use. While cellphone 
only reflects lower income level and hence non-metro residence, likewise landline-only connotes rural 
areas of low use, which still rely on older technologies. (b) Urban: It is highly significant nearly 
uniformly, except for landline-only households.  This stems from the greater prevalence of all the varied 
technologies in urban areas.  Although urban has not been widely used in prior digital divide studies, it 
has been noted as significant for African nations, U.S. counties [2], and Japan [3]. (c) Labor Force 
Participation: It is consistently highly significant across the 20 dependent variables, with the exception 
of an inverse result for landline-only households. Having a larger proportion of the population working 
is associated with greater needs in the workplace for technology use. Although labor force participation 
has not been previously included as a factor, more specific employment factors have sometimes been 
included, with varying effects. (d) Ethnicities: Across the 20 dependent variables, percent Black and 
Hispanic strongly reduce technology impacts. The exceptions of positive associations are for broadband 
access in household, mobile wireless access in household, any cellphone in household, and cellphone 
only household. Since the first three of these are highly prevalent variables, the inverse effects for Black 
and Hispanic are consistent with a study of U.S. counties [1]. For Asians, the present findings indicate 
mostly positive influence. This is consistent with a recent study of U.S. technology usage at the state 
level [7]. (e) Other Independent Variables: Somewhat weaker and less consistent but significant 
findings are present for service occupations, construction occupations, and education expenditures.  
Service occupations are significant in half of the regressions, but inconsistent in direction of effect. The 
service factor does tend to be positive for newer forms of technologies such as social media factors, 
internet news, online video, YouTube, and use of Google.  
 
Finally there are limited, less significant and inconsistent findings across the 20 technology variables for 
construction occupations and education expenditures. They are not discussed further here, but could be 
analyzed in more detail in future research projects. In summary, going back to the research questions of 
this study, the OLS regressions indicate the very significant and widely important factors associated 
with 20 information technologies are college education, urban, labor force participation, and Asian 



ethnicity, while Black and Hispanic are mostly inversely associated with the technology factors. These 
findings are consistent with the limited literature on U.S. county digital divides, and are also consistent 
with international digital divide literature. We caution that regression residuals need to be tested for the 
presence of spatial bias; this is outlined as a future research direction. Geographical distributions of ICTs 
vary depending on the type of ICT with higher levels of usage in metropolitan areas, while counties in 
the deep South lag their counterparts in the remainder of the nation. 
 

CONCLUSIONS 
 
In this paper, we examine patterns of ICT adoption and utilization, as well as correlates of technology 
utilization in US counties. Using descriptive mapping, we study computer, internet, broadband, mobile 
phone, landline, mobile wireless adoption and use in 3,143 US counties. Additionally, this study 
includes social media technologies of Facebook, Twitter, and LinkedIn and focuses on the use of 
internet for e-commerce purposes such as online purchasing and billpay, as well as non-e-commerce 
internet usage such as using a search engine, watching a movie, and for sending emails. The selection of 
several new forms of ICT dependent variables and the geographic scope (over three thousand counties) 
make this study unique. Consistent with prior US and global digital divide literature, we find that college 
graduates, urban location, and labor force participation are significantly positively associated with most 
technology dependent variables. Among ethnicities, Asian is positively associated with ICT dependent 
factors while Black and Hispanic have inverse association for most dependent variables aside from 
broadband, mobile wireless, and cellphone. Employment in the service sector is somewhat weakly, yet 
significantly associated with newer forms of technologies such as social media, internet news, online 
video, YouTube, and use of a search engine (Google). Based upon preliminary evidence, a parsimonious 
model of ICT utilization in US counties is developed in which construction sector employment and local 
government support for education can be dropped as independent correlates of ICT utilization. Further 
work is required to examine the association of these variables with technology utilization. Finally, a 
recent study [7] found social capital in US states to have significant positive association with several 
forms of ICTs. Efforts are currently ongoing to obtain social capital data for US counties to check if 
similar effects are prevalent for the present sample.  
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