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Abstract 
 
 As internet technology continues to improve at a rapid pace, there is constant debate over the 
relative value of various internet connection technologies. In recent years, policymakers have debated 
over several important questions regarding broadband. What speed qualifies as high-speed broadband? 
How much public funding should be spent increasing access to broadband? And, what regulations to 
impose on internet providers? While the potential, and proven, benefits of high-speed internet are 
diverse, the economic impacts are often at the forefront of policy discussions. To date, most research into 
the economic impact of internet has focused on increasing access to and adoption of broadband internet 
in general, without emphasizing the speed of the broadband connections. This paper utilizes new data 
available as a result of the American Recovery and Reinvestment Act to examine the relationship between 
employment growth and access to fiber internet, currently seen as the gold standard of internet 
connections in terms of speed and reliability. Using data from the National Broadband Map, this study 
finds a positive association, within the United States, between increasing access to fiber and increases in 
employment and number of firms at the county level. This positive relationship provides evidence to 
policymakers that promoting access to fiber internet is a viable economic development approach.   
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I. Introduction 

Although there is a strong consensus that high-speed internet is related to economic growth, 

many questions remain about what speed is optimal. As the internet becomes ubiquitous in the United 

States, attention has shifted from expanding access to the internet towards improving the connections 

that Americans have access to. Table 1 shows the percent of U.S. households that have access to different 

types of internet technologies. Almost all households have access to some form of internet connection, 

whether it is a fixed line connection, wireless internet, or satellite. Additionally, 95 percent of households 

have access to fixed line internet, including 87 percent that have access to a cable internet connection. 

The opportunity that remains is in expanding access to state of the art technologies such as optical fiber, 

where access is expanding in recent years, but still remains out of reach for most American households, 

as only one in four households has access to it.  

Table 1: Percent of US Households with Access to Internet Technologies 
in June 2011 and December 2013 

 
Jun, 2011 Dec, 2013 Change 

Any internet 99% 99% 0% 

Any fixed line internet 95% 95% 0% 

Cable internet 83% 87% 5% 

Optical fiber internet 17% 24% 7% 

Source: National Broadband Map 

 Over the past two decades, the policy focus has been on increasing broadband access and 

adoption. In the aggregate, these efforts have largely been successful. Broadband access (using the 

Organisation for Economic Co-operation and Development (OECD) definition of 256 Kbit/s) in the United 

States has increased from 4.4 percent of households having access in 2000 to 19.9 percent of households 

in 2003 and 68.2 percent in 2010 (OECD, 2014). Now that broadband access is wider, many policymakers 

have shifted away from increasing access towards increasing speed. The demand for high speeds is clear; 

when Google announced plans to pilot its Google Fiber networks, more than 1100 communities across 
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the country applied (Kelly, 2010). Absent private investment, some municipalities have dedicated vast tax 

payer resources to construct fiber networks of their own. Clearly, effort is being put into improving 

internet connections, yet there is little empirical evidence as to whether these ultra-high-speed networks 

promote growth beyond the benefits of more common speeds. The purpose of this paper is to examine 

the economic impact of fiber internet availability in the United States. 

Now, thanks to recent enhancements to the Federal Communication Commission’s (FCC) data 

collection strategies, researchers have access to data which allows the examination of the impact of fiber 

networks for the first time. By evaluating the economic impact of fiber internet, information can be 

provided to policymakers to help guide them in determining how much resources to invest in the 

technology. 

 

II. Literature Review 

There is a growing body of literature on the economic impact of high speed internet both in the United 

States and around the world; the general consensus is that high speed internet leads to economic growth 

(Qiang, 2009; Van Gaasbeck, 2007; Whitacre, 2013; Kolko, 2012). The literature can be divided into 

research on differences in broadband technology across countries and differences in broadband 

technology within a single country. While this paper will focus on the effect of broadband differences in 

the United States, it is important to examine the literature in both areas to build a cohesive picture of the 

state of research on economic effects of broadband.  

A. International Literature 

As a whole, the literature on country-level effects of broadband technology shows that countries 

with higher levels of broadband penetration have generally higher levels of GDP growth. Czernich et al. 

(2009) use data from a panel of 25 OECD countries between 1996 and 2007 to create a model - using pre-

existing telephone and TV networks to predict maximum broadband penetration rates - to examine 
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economic impact. They (2009) found a statistically significant positive relationship; a 10 percent increase 

in broadband penetration raised GDP per capita by 0.9 – 1.5 percent.  

Similarly, Qiang et al. (2009) used Information Communications and Technologies Development 

(ICTD) and World Bank data for 120 countries between 1980 and 2006 to understand how differing 

broadband penetration rates are related to GDP per capita growth. They estimated that a 10 percent 

increase in broadband adoption is associated with a 1.21 percent increase in GDP per capita for developing 

countries and a 1.38 percent increase for developed countries. However, Qiang et al. (2009) caution that 

causality is not abundantly clear; that is, there could be a back and forth effect as increased wealth also 

increases the demand for broadband services. Koutroumpis (2009) attempted to account for the fact that 

broadband can both influence and be influenced by economic factors using a simultaneous equation 

model to identify the macro impact of broadband in 15 European Union countries between 2003 and 

2006. He separated the increased demand for broadband caused by increased wealth from the economic 

growth caused by increased broadband usage with models that predict the supply and demand for 

broadband growth. After separating out these influences, there was still a significant, positive relationship 

between broadband penetration and GDP per capita. 

B. National Literature 

Research within the United States has been building over time, with researchers using a variety 

of datasets and approaches to building models. While the approaches vary, there is a consensus that 

improvements in broadband technology are related to higher levels of employment, although findings are 

mixed on other economic indicators such as number of firms and income. 

The early literature in the United States focused on building cross-sectional panel models that 

take advantage of varying levels of technological development across regions of the country. Lehr et al. 

(2005) used data from the FCC form 477 and the Population Censuses and Establishments Surveys to 

investigate the effect of broadband presence (as a binary measure) on economic indicators such as 
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employment, wages, and industry mix. Their model, which used data from 1998 – 2002, showed that in 

zip codes with mass-market broadband availability there was higher employment, more firms overall, and 

more firms in the IT sector. The broadband speed studied was 200 kilobits per second, speeds that would 

now be considered slow. Moreover, the Lehr (2005) study showed the tradeoffs associated when choosing 

to study broadband at the state or community level in the United States. Crandall et al. (2007) built on 

this model with data from 2003-2005 to examine state level GDP growth associated with increased 

broadband penetration. While they found that higher levels of broadband penetration were associated 

with higher levels of GDP growth, the results were not statistically significant; which reinforces the notion 

that state-level data are too broad to study broadband in America. While several dependent variables of 

interest, such as GDP, are not available at smaller geographical units than the state, there is generally not 

sufficient variation between states in broadband availability to draw meaningful conclusions.  

While much of the research in the United States uses FCC data, two studies in 2007 corroborate 

the larger national studies using different data sources. Van Gaasbeck et al. (2007) used cross-sectional 

panel household survey data from Scarborough Research to examine the potential employment effects 

of expanding broadband adoption in California. They found that increased broadband adoption was 

associated with higher employment but fewer establishments. Similarly, Shideler et al. (2007) looked at 

county-level effects for a single state, Kentucky. They focused on increased broadband availability, instead 

of broadband adoption. Using infrastructure data from providers collected through ConnectKentucky, 

they examined county-level employment growth and sector employment growth relative to broadband 

availability, controlling for past growth, education, unemployment, and road density. They found a 

positive, statistically significant relationship between broadband availability and total employment. While 

the limited scope of these studies restricts the applicability to broader national policies, they help to 

validate the general association between broadband and employment.  
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In a qualitative analysis, Ezell et al. (2009) made the case for facilitating the development of 

internet with speeds of at least 20 Mbit/s downloading and preferably 50 Mbit/s or greater. While most 

policy efforts focus on increasing broadband adoption and availability, the authors encourage 

policymakers to consider efforts to increase speeds as well. They count fiber to the home, fiber to the 

node, and DOCSIS 3.0 cable as the most desirable fixed-line broadband delivery methods and 4G as the 

most desirable wireless delivery method. They point out that countries such as Japan, Singapore, South 

Korea, and Sweden are far ahead of the United States in terms of high speed internet, giving them an 

advantage in developing innovative web-based applications. In order for the United States to remain the 

global leader in internet based innovation, they contend that there needs to be a greater focus on 

increasing broadband speed. 

There has been a current focus on the impact of broadband expansion in rural communities in 

particular. While high speed internet has become standard in most urban and suburban communities, 

lower population density makes it much more costly for providers to expand into rural areas. Therefore, 

many policy initiatives have focused on how the government can play a role in expanding access in rural 

communities. Stenberg et al. (2010) match rural counties that had broadband by 2000 with those that did 

not based on a variety of characteristics in order to test a causal relationship between broadband and 

economic growth in rural counties. They aggregated FCC form 477 data to measure broadband availability 

and found faster employment growth in counties with more availability. There is also evidence that 

counties that had early adoption of broadband experienced relative income growth, but this faded over 

time as broadband become more profuse. Whitacre et al. (2013) used data newly available from the 

National Broadband Map combined with adoption rates from FCC Form 477 to examine economic impacts 

of broadband expansion into rural communities. They used three different techniques to examine the 

relationship between broadband and economic health. The collective results indicated a positive 
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relationship between rural economic indicators and broadband availability. They concluded that adoption 

thresholds had more of an impact than availability thresholds (Whitacre, 2013). 

In regards to the debate over whether to use adoption or availability as the key indicator of 

broadband penetration, Kolko (2012) made the case for availability. He pointed out that adoption rates 

can be influenced by economic growth more so than availability. Additionally, increasing availability is a 

more feasible approach for policymakers than increasing adoption rates. Using cross-sectional panel data 

from the FCC between 1999 and 2006, Kolko built a model to identify the impact of availability on local 

level employment and county-level labor market outcomes. He found a statistically significant, positive 

relationship between broadband expansion and local employment, but cautions that the increased 

employment is accompanied by increased population growth, resulting in no impact to employment rates.  

In 2013, NC Broadband hosted a research roundtable to discuss the state of research on the 

economic and community impact of broadband expansion (Feser et al., 2013). The final report suggested 

that there is a need for more research on specific broadband policies and investments at the margin; 

including increases in broadband speeds and reliability and use of new technology. This paper will attempt 

to fill some of that gap. It benefits from the requirement in the National Broadband Plan that states collect 

more detailed information on different technologies and speeds available at local levels. Using this new 

dataset, it is now possible to start evaluating whether or not incremental the presence of fiber technology 

is associated with increased economic growth. 

 

III. Hypothesis 

The central hypothesis being tested in this paper is that, within the United States, increasing access 

to fiber internet connections is related to increased levels of economic growth, as measured by 

employment levels, number of firms, and income. Broadband, in general, can lead to economic growth in 

several ways. By connecting individuals and companies across the globe, the internet can make it easier 
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for small and medium sized firms to do business with suppliers and customers that they otherwise would 

not have interactions with. Further, individuals are able to use the internet to connect with employers 

and potential work remotely for companies anywhere in the world, opening up more employment 

opportunities and facilitating virtual talent mobility. Lastly, we would expect a short-term increase in 

employment due to the fact that creating the connections requires the hiring of employees to dig up 

cables, install new lines, and provide on-going maintenance services. Because fiber internet provides a 

faster, more reliable connection that allows the almost-instantaneous transfer of large amounts of data, 

it is likely that these effects are enhanced over what would be expected with more common speed levels. 

 

IV. Data 

Much of the prior literature in the United States used FCC form 477 data to understand where 

broadband technology was available. While this dataset provided a relatively complete picture, it did not 

offer insight into different speeds within each geographical region. As part of the American Recovery and 

Reinvestment Act of 2009, the National Broadband Map was commissioned. The National Broadband Map 

provided funding for each state to gather more detailed internet data. The methodology used by each 

state to obtain this data differs slightly, but there are set data fields that each state is required to provide. 

This semi-annual data release is what allows the examination being conducted in this study. The data are 

made available in several formats, such as the analyze tables that aggregate internet statistics by region 

with accompanying descriptive data that can be used in modeling efforts. The first analyze table to be 

released was in 2011 and it has been released every six months subsequently.  

Dependent variables for this model will come from the Quarterly Census of Employment and Wages 

(QCEW) survey conducted by the Bureau of Labor Statistics (BLS). The QCEW provides county-level 

summaries of a variety of economic indicators, including employment, number of firms, and average 
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annual pay, broken down into industry and sector. In order to match up with the National Broadband Map 

data, annual average survey data released between 2011 and 2013 will be used.  

Combining the National Broadband Map data with the QCEW data results in a dataset that contains 

3,142 counties with 6 observations per county. As shown in table 2, between the first and last time period, 

roughly two-thirds of the counties experienced an increase in access to fiber internet. Counties with an 

increase in access to fiber experienced substantially more employment growth than counties that did not, 

and also had greater changes in the number of total firms and total average weekly pay. This provides 

some initial evidence of a positive relationship between access to fiber internet and employment growth; 

however, a simple difference in means comparison is not sufficient to draw policy conclusions from. There 

could be a variety of factors that contribute to both job growth and improved internet infrastructure. 

Further, different counties saw drastically different changes in internet access and employment growth. 

Table 2: Comparing Economic Indicator Changes by Changes in Access to Fiber between 
June 2011 and December 2013 

 

Negative or No 
Change in Access 

to Fiber 

Positive Change 
in Access to 

Fiber 

Number of Counties 1008 2134 

Average % Change in Employment 0.66% 2.49% 

Average % Change in Firms 1.31% 1.67% 

Average % Change in Average Weekly Pay 10.13% 10.98% 

Average % Change in Private Employment 1.89% 3.51% 

Average % Change in Private Firms 2.35% 2.31% 

Average % Change in Private Average Weekly Pay 15.59% 15.51% 

Source: National Broadband Map 

Table 3 breaks up the counties that experienced an increase in access into quartiles (based on percent 

of households with access to fiber). The relationship between the magnitude of the increase in access and 

the change in economic indicators is more complex than the binary comparison, although there are some 

indicators where there is clearly a positive correlation, such as number of total firms. This provides 

evidence for using a continuous rather than discrete or binary variable for access to fiber internet. 
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Table 3: Comparing Economic Indicator Changes between 2011 and 2013 for Counties that Increased 
Fiber Access 

 

 

< 25% 
Change in 
Access 

25% - 50% 
Change in 
Access 

50% - 75% 
Change in 
Access 

> 75% 
Change in 
Access 

Number of Counties 1803 205 96 30 

Average % Change in Employment 2.41% 1.78% 4.75% 4.67% 

Average % Change in Firms 1.48% 2.08% 3.61% 3.55% 

Average % Change in Average Annual Pay 11.02% 10.94% 10.20% 11.80% 

Average % Change in Private Employment 3.52% 2.05% 5.58% 6.32% 

Average % Change in Private Firms 2.07% 3.09% 4.66% 3.87% 

Average % Change in Private Average Annual Pay 15.55% 15.82% 13.62% 17.02% 

Source: National Broadband Map 

V. Methodology 

This paper will use a two-way fixed effects regression1 to evaluate the relationship between access to 

fiber internet connections and economic growth. A fixed effects regression is superior to a simple cross-

sectional model or a pooled OLS model in these circumstances because it allows the model to control for 

unmeasured characteristics of counties that may be correlated with access to fiber technology and 

influence measures of economic growth in addition to factors that were common across all counties for 

any given time period. If the hypothesis holds, counties that experience increases in access to fiber 

internet will have greater increases in employment than counties that have no change in high speed 

internet. While the fixed effects model will not definitively prove causality, it does provide a stronger case 

for causality than a cross-sectional model (Whitacre, 2013). 

The independent variable of interest will be percent of households within a region that have access 

to fiber internet technology. Due to data limitations, the percent of households having access serves as a 

proxy for both individuals and businesses having access in that region. Because GDP is not available at the 

                                                             
1 A two-way fixed effects model controls for unmeasured variables that remain constant throughout the time 
period for each county, as well as variables that are common across all units for a single time period. These 
variables could potentially cause bias if left uncontrolled for. 
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county level, the primary dependent variable will be employment, which is available. Additionally, the 

number of firms and average annual wages will be used in order to provide a more comprehensive 

overview of the economic impact. By running each model for both the private sector and total economy, 

fiber internet’s impact on the private sector and the public and non-profit sector can be contrasted. 

Control variables for county demographics and access to cable internet are included to isolate the 

relationship between fiber internet and employment. Exhibit 1 shows the model and variables that are 

the main focus of this paper. 

The model will examine the relationship at a county level; Kolko (2011) showed that a state-level 

model is too aggregated to show statistically significant differences in access to broadband. While there 

is substantial variation in change in access to fiber internet at the state-level, the small sample size and 

fact that most states are clumped at the lower end of the spectrum would likely lead to a similar finding 

in this dataset (see appendix, table 4 for state level fiber optic data). Figures 1 and 2, illustrate that there 

is much variation, at a county-level, in the level of access to fiber technology, providing a robust dataset 

on which to conduct analysis. Further, there very little geographical concentration to where fiber is being 

deployed, which will allow the results of this model to be applied across all of the United States.  

The National Broadband Map began data collection in 2010; however, there were concerns over 

the quality of the first year’s data collection methodology which were cleaned up for subsequent years 

(Whitacre 2013). Therefore, this study will examine data from each of the releases in 2011, 2012 and 

2013. While a larger dataset would be ideal in order to understand the lasting effect of increasing access 

to fiber internet, available data are sufficient to provide early evidence on the relationship between access 

to fiber internet and economic indicators. Policymakers will not delay actions for the next few years in 

order to collect more data; neither should researchers. 
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Exhibit 1: Model Variables and Predicted Relationships 

𝑌𝑖𝑡 =  𝛽0 +  𝛽1𝑋1𝑖𝑡 +  𝛽2𝑋2𝑖𝑡 +  𝛽3𝑋3𝑖𝑡 +  𝛽4𝑋4𝑖𝑡 +  𝛽5𝑋5𝑖𝑡 +  𝛼𝑖  +  𝛼𝑡 

where: 

Variable Variable Name Definition 
Predicted 
Relationship Study 

Y Ln(total employment) The natural log of total employment 
 

Crandall, Lehr, Litan 

Y (Alternate) Ln(private employment) The natural log of private employment 
 

Crandall, Lehr, Litan 

Y (Alternate) Ln(total firms) The natural log of total firms 
 

Whitacre, Gallardo, Strover 

Y (Alternate) Ln(private firms) The natural log of private firms 
 

Whitacre, Gallardo, Strover 

Y (Alternate) Ln(total annual average wage) The natural log of total average weekly wages 
 

Whitacre, Gallardo, Strover 

Y (Alternate) Ln(private annual average wage) The natural log of private average weekly wages 
 

Whitacre, Gallardo, Strover 

X1 
Households with access to 
optical fiber 

The percent of households within a county that 
have access to optical fiber internet Positive   

X2 Ln(population) The natural log of the county population  Positive Whitacre, Gallardo, Strover 

X3 Adults with bachelors or greater 
The percent of the population with a bachelor’s 
degree or greater Positive Crandall, Lehr, Litan 

X4 Median Household Income 
The median income for households within a 
county Positive Whitacre, Gallardo, Strover 

X5 Households with access to cable 
The percent of households within a county that 
have access to cable internet Positive Whitacre, Gallardo, Strover 

𝛼𝑖 County fixed effects 
Controls for unmeasurable and constant 
differences between counties   

𝛼𝑡 Time fixed effects 
Controls for unmeasurable and constant 
differences between time periods   
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Figure 1: 

 

Source: National Broadband Map 

 

 

Figure 2: 

 

Source: National Broadband Map 
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VI. Results 

 The results for the primary dependent variable, total employment, are displayed in Table 5. 

Column (1) shows a simple one-way fixed effects model with no control variables; the coefficient on access 

to fiber internet is highly statistically significant, with a t-statistic of over ten. When the natural log of 

population is controlled for in column (2), the coefficient and its significance do not change substantially; 

the R squared value rises from .017 to .949, though. This is as expected, as the overwhelming determinant 

of how many employed people are in a county will be population. In column (3), controls for changes in 

demographic characteristics are added in. While the inherent wealth and education of each county are 

absorbed by the unit fixed effects, adding these variables accounts for any changes in income and 

education level that may have occurred over the time period studied. We see that both of these controls 

are statistically significant, as we would expect since wealth and education are traditionally positively 

correlated with employment.  

Column (4) adds in a control for access to cable internet. This ensures that any association 

between access to fiber internet and employment growth is not actually due to the relationship between 

employment and increased access to internet in general. The coefficient on cable is surprisingly not 

statistically significant. Based on the body of literature, a positive and statistically significant coefficient 

on access to cable internet was anticipated. A possible explanation for this could be that during the time 

period in question, roughly $5 billion in stimulus funding was spent on expanding broadband access, much 

of which was spent on expanding access to cable internet in rural areas of the country. These areas that 

did not already have access to broadband likely were some of the hardest hit and last to recover from the 

recession, explaining why they lag behind in employment growth while experiencing an increase in access 

to cable internet.  
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Columns (5) and (6) add in time-fixed effects. This is particularly important as the country was 

recovering from the Great Recession during this time, so employment growth could be the result of a 

generally positive economic trend. The time fixed effects may account for part of the coefficient for access 

to fiber internet, yet this coefficient is still statistically significant at a 99 percent confidence level. Finally, 

column (6) adds in robust standard errors to control for potential heteroscedascity. A control variable for 

state level stimulus spending delivered through the National Telecommunications and Information 

Association (NTIA) was also used, although not shown. Adding in the control for NTIA stimulus spending 

had almost no impact to any of the other coefficients, perhaps because the only available data are not at 

the county level or accurate enough in terms of timing of implementation. 

Similar models were run for the other dependent variables of interest: total establishment count, total 

average weekly wages, private sector employment, private establishment count, and private average 

weekly wages; the results for model (6) are show in Table 6.  For the wage models, median household 

income is replaced by the log of total employment. Statistically significant coefficients are found for total 

and private employment and total and private establishment count. The coefficients on average weekly 

wages were significant until time-fixed effects were added in, which soaked up most of the coefficient 

and significance. Since the wages are in nominal values, the relationship depicted prior to adding time-

fixed effects was likely due to inflation.2 

 

 

 

 

                                                             
2 Diagnostic tests indicated that fixed effects are preferable to random effects and suggested that robust standard 
errors are needed due to potential heteroscedascity. See Appendix for details. 
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Table 5: Regression Results for Total Employment 

 

  

VARIABLES Mean (1) (2) (3) (4) (5) (6) 
                

Log Total Employment 9.134 
 

     

        

% of Households w/ Access to Fiber 0.124 0.0369*** 0.0358*** 0.0263*** 0.0263*** 0.0132*** 0.0134*** 
 

 (10.49) (10.20) (7.496) (7.489) (3.696) (2.80) 
 

       

Log (Population) 10.27 
 

0.163*** 0.115*** 0.115*** 0.164*** 0.164*** 
 

  (9.232) (6.463) (6.457) (9.142) (3.72) 
 

       

% of Pop w/ Bachelors or Higher 0.168 
 

 0.430*** 0.430*** 0.358** 0.356 
 

   (2.596) (2.595) (2.181) (1.01) 
 

       

Median Household Income 45,883 
 

 2.64e-06*** 2.64e-06*** 8.72e-07*** 8.74e-07* 
 

   (17.70) (17.65) (4.710) (1.82) 
 

       

% of Households w/ Access to Cable 0.566 
 

  0.000447 -0.00197 -0.00202 
 

    (0.119) (-0.525) (-0.36) 
 

       

Constant 
 

9.129*** 7.450*** 7.755*** 7.755*** 7.337*** 7.345*** 
 

 (17,419) (40.97) (42.84) (42.83) (40.35) (16.64) 
 

       

Observations 
 

18,848 18,848 18,848 18,848 18,848 18,848 

R-squared 
 

0.0170 0.9491 0.9258 0.9258 0.9550 0.9549 

F stat 
 

131.68 97.95 131.68 105.34 86.12 46.62 
Number of counties   3,142 3,142 3,142 3,142 3,142 3,142 

t-statistics in parentheses 
 

      

*** p<0.01, ** p<0.05, * p<0.1 
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Table 6: Coefficient on Percent of Households with Access to Fiber Internet for each Dependent 

Variable* 

 Coefficient T-stat R-squared F stat 
Log Total Employment 0.01340 2.80*** 0.9549 46.62 
Log Total Establishment Count 0.01030 2.26** 0.9315 30.25 
Log Total Average Weekly Wages 0.00061 0.17 0.0165 540.63 
Log Private Employment 0.01580 2.65*** 0.9389 66.82 
Log Private Establishment Count 0.01068 2.09** 0.9188 41.43 
Log Private Average Weekly Wages 0.00293 0.68 0.0535 847.74 
 

    

*Each model controls for two-way fixed effects (county and date) and demographics 
 

 Overall, the results show evidence of a strong positive correlation between the percent of 

households that have access to optical fiber internet in a county and the number of employed individuals 

and number of firms. Specifically, a 10 percent increase in the percent of households with access to fiber 

internet is associated with a 0.13 percent increase in total employment and a 0.1 percent increase in the 

number of firms. There is no evidence of a relationship between access to fiber internet and average 

weekly wages within a county.  

Without a controlled or quasi-experiment, a causal relationship between access to fiber internet 

and employment growth cannot be claimed, but the results shown do support the theory that installing 

fiber internet can help job growth. While controlling for time and unit fixed effects and other controls 

helps to isolate the relationship between access to fiber and employment growth, there is still the 

possibility that there are unmeasured factors that influence both access to fiber and job growth. While 

state level NTIA stimulus spending is controlled for, county level spending cannot be controlled for due to 

data limitations. This creates a slight problem; while the source of funding for the increase in access to 

fiber is not the topic of this paper, stimulus funds had a specific goal of creating jobs and contractors 
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typically had to lay out a plan for hiring additional employees as a part of their bid for stimulus funding. 

Therefore, if some of the infrastructure that led to the increase in fiber access was because of stimulus 

spending, it may have created more jobs than private investment, which does not have to meet any job 

creation criteria. While a better control for this would be ideal, it is unlikely that this is the primary cause 

of the positive relationship. As mentioned previously, most of the broadband stimulus spending went to 

expanding access to cable technologies, not optical fiber. 

Additionally, there is a possibility that job growth is driving access to fiber internet, rather than 

the other way around. The positive relationship could be due to internet service providers expanding into 

growing areas. While it is likely that some of the positive relationship can be attributed to this, it is unlikely 

to be the primary reason. Most of America still is without access to fiber internet, so service providers 

would be more likely to invest in areas where they already see demand rather than trying to predict where 

employment growth will be. Additionally, laying the infrastructure for fiber internet takes time and 

planning; since this model looks at six month intervals, it is unlikely that service providers saw employment 

growth in an area and were able to move in and offer fiber service within six months. 

A final critique of the model could be the relatively short-term time frame used. Policymakers are 

not concerned with much longer time frames than two years when investing heavily in internet 

technologies. Unfortunately, the relative newness of the National Broadband Map data set, and 

limitations of previous data collection efforts, limit the years that can be examined. As data collection 

efforts continue, researchers should continue to evaluate this relationship to test whether or not better 

internet leads to sustained growth, or if growth is merely temporary. 
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VII. Policy Relevance 

The paper provides evidence that increasing access to state of the art internet like optical fiber 

and employment growth are related. Policymakers considering investments in improving internet 

technologies might consider these results when debating whether or not the cost of the investment is 

appropriate. This information is useful to policymakers at all levels of government, who have taken a 

variety of approaches to improving access to ultra-high speed internet networks. 

 In January of 2015, the FCC changed its definition of broadband internet from offering download 

speeds of 4 Mbit/sec or greater to offering much faster download speeds of 25 Mbit/sec or greater. This 

was a highly contentious shift in policy that will impact how data are collected and what networks qualify 

for future public investments. Additionally, it may change how the FCC views the state of competition 

within the telecommunications industry, which could lead to other legislative, executive or even judicial 

actions (Brodkin, 2014). While this study does not address whether or not 25 Mbit/sec internet fosters 

more economic growth than 4 Mbit/sec internet, it does provide preliminary evidence that there could 

be a public interest in promoting faster internet speeds. This contradicts what many of the detractors of 

the FCC’s change in definition have argued; that the internet is fast enough and people do not benefit any 

more from speeds over 25 Mbit/sec than they would at lower levels. 

 Another contentious policy area has been the recent development of local, (partially or fully) tax-

payer funded high speed fiber networks, which offer internet speeds of up to 1 Gbit/sec (O’Toole, 2014). 

In response to these networks, some states have considered blocking these efforts in order to prevent 

municipalities from crowding out private expansion into high-speed internet markets. This paper does not 

provide a cost benefit analysis of publicly-owned fiber optic networks, but does provide evidence that 

policymakers should consider when deciding whether or not these municipal fiber networks are wise uses 

of taxpayer funds. On the other hand, though, the non-significant coefficient on access to cable internet 

may provide evidence that pushing internet technologies into underserved regions may not unilaterally 
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lead to economic growth. A more thorough examination of the specific investments made during the 

stimulus act would provide better insight into this, though, as that was not the primary focus of this paper. 

As part of the American Recovery and Reinvestment Act, the FCC developed the National 

Broadband Plan which outlines goals for internet infrastructure in America. In the plan, the FCC set 

ambitious long-term goals including providing affordable access to internet with speeds of 100 Mbit/sec 

or greater to at least 100 million homes and eventually ensuring that every American has access to 

affordable fiber internet. The results of this paper show that these are not unfounded goals, and there 

may be a public, economic interest in achieving the goals outlined in the National Broadband Plan.  
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VIII. Appendix 

Table 4: Percent of Households with Access to Fiber by State, Ranked by 
Access to Fiber in December 2013, in both June 2011 and December 2013 

State Name Counties 
Access to Fiber 

- June 2011 
Access to Fiber - 

Dec 2013 
Change in 

Access to Fiber 
Change in 

Employment 

Rhode Island 5 78.81% 97.05% 18.24% 2.26% 

Oregon 36 37.32% 73.98% 36.66% 5.30% 

South Dakota 66 64.78% 70.33% 5.55% 2.69% 

Montana 56 1.57% 65.30% 63.73% 3.42% 

New Jersey 21 54.71% 59.50% 4.79% 2.53% 

North Dakota 53 15.53% 59.40% 43.87% 16.23% 

New York 62 47.52% 57.76% 10.24% 4.34% 

Maryland 24 52.51% 55.89% 3.38% 2.41% 

Delaware 3 48.90% 50.00% 1.10% 3.66% 

Pennsylvania 67 45.67% 48.22% 2.55% 1.27% 

Utah 29 12.36% 46.10% 33.74% 8.77% 

Indiana 92 3.46% 44.65% 41.19% 4.58% 

Connecticut 8 6.01% 44.52% 38.51% 2.14% 

Virginia 134 38.90% 42.88% 3.98% 1.90% 

District of Columbia 1 20.13% 40.16% 20.03% 3.01% 

Florida 67 22.54% 37.80% 15.26% 6.50% 

Massachusetts 14 36.53% 37.06% 0.53% 4.23% 

Iowa 99 27.96% 28.19% 0.23% 3.35% 

Nebraska 93 2.10% 27.01% 24.91% 4.17% 

Tennessee 95 12.75% 22.91% 10.16% 5.10% 

Washington 39 22.08% 20.16% -1.92% 5.36% 

South Carolina 46 10.95% 19.38% 8.43% 4.17% 

Kansas 105 6.67% 18.68% 12.01% 3.36% 

Mississippi 82 15.55% 18.02% 2.47% 2.10% 

Georgia 159 9.21% 16.41% 7.20% 4.43% 

Vermont 14 14.95% 15.41% 0.46% 4.28% 

Minnesota 87 5.53% 15.38% 9.85% 4.14% 

California 58 13.23% 14.81% 1.58% 7.11% 

Illinois 102 0.24% 14.59% 14.35% 2.92% 

Nevada 17 1.82% 11.71% 9.89% 5.35% 

Wyoming 23 6.24% 10.74% 4.50% 2.01% 

Ohio 88 6.11% 10.52% 4.41% 3.84% 

Texas 254 6.73% 9.87% 3.14% 7.37% 

Missouri 115 5.68% 9.41% 3.73% 2.32% 

Louisiana 64 8.02% 9.16% 1.14% 3.46% 

Colorado 64 1.88% 9.08% 7.20% 7.12% 

Kentucky 120 4.87% 8.99% 4.12% 3.77% 

North Carolina 100 2.50% 8.84% 6.34% 4.81% 

New Mexico 33 2.02% 8.19% 6.17% 1.58% 

Idaho 44 3.42% 8.02% 4.60% 5.06% 

Oklahoma 77 1.92% 7.35% 5.43% 4.46% 

Hawaii 4 4.47% 6.41% 1.94% 6.31% 

Alabama 67 6.75% 6.12% -0.63% 2.07% 

Arkansas 75 3.28% 5.63% 2.35% 0.93% 

Wisconsin 72 1.95% 4.99% 3.04% 2.85% 

New Hampshire 10 1.12% 2.60% 1.48% 3.06% 

Michigan 83 1.29% 2.46% 1.17% 5.58% 

Arizona 15 6.64% 2.38% -4.26% 7.68% 

Alaska 29 1.82% 1.99% 0.17% -1.53% 

West Virginia 55 0.30% 1.93% 1.63% 1.51% 

Maine 16 0.27% 0.73% 0.46% 2.00% 
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Diagnostics: 

Multicollinearity: 

pwcorr opticalfiber log_population dem_educ_bachorgreater dem_inc_median cable 
Award_Amount 
 

             | optic~er log_po~n dem_ed~r dem_in~n    cable Award_~t 

-------------+------------------------------------------------------ 

opticalfiber |   1.0000  

log_popula~n |   0.0930   1.0000  

dem_educ_b~r |   0.2227   0.4538   1.0000  

dem_inc_me~n |   0.2339   0.4266   0.6391   1.0000  

       cable |   0.0790   0.7008   0.4053   0.3758   1.0000  

Award_Amount |  -0.0123   0.0803   0.0258   0.0718   0.0518   1.0000 

Interpretation: The above tables demonstrates that there are no concerns of high levels of 

multicollinearity in the model. 

Hausman: 

Note: the rank of the differenced variance matrix (9) does not equal the number of 

        coefficients being tested (11); be sure this is what you expect, or there may 

        be problems computing the test.  Examine the output of your estimators for 

        anything unexpected and possibly consider scaling your variables so that the 

        coefficients are on a similar scale. 

 

                 ---- Coefficients ---- 

             |      (b)          (B)            (b-B)     sqrt(diag(V_b-V_B)) 

             |  random_eff~s      .          Difference          S.E. 

-------------+---------------------------------------------------------------- 

opticalfiber |    .0079471     .0134446       -.0054974        .0012449 

log_popula~n |    .9703654     .1636509        .8067145               . 

dem_educ_b~r |    2.049561     .3562966        1.693264               . 

dem_inc_me~n |   -6.86e-07     8.74e-07       -1.56e-06        2.74e-08 

       cable |    .0032736    -.0020213        .0052949        .0012971 

Award_Amount |   -2.16e-11     7.57e-12       -2.91e-11        3.82e-12 

       Date2 | 

      18963  |   -.0020273    -.0020007       -.0000265        .0003755 

      19145  |    .0162007     .0101675        .0060331        .0003639 

      19328  |    .0127877     .0066815        .0061062        .0003664 

      19511  |    .0200093     .0150019        .0050074        .0003721 

      19694  |    .0201503     .0129098        .0072405        .0004721 

------------------------------------------------------------------------------ 

                           b = consistent under Ho and Ha; obtained from xtreg 

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg 

 

    Test:  Ho:  difference in coefficients not systematic 

 

                  chi2(9) = (b-B)'[(V_b-V_B)^(-1)](b-B) 

                          = -2339.88    chi2<0 ==> model fitted on these 

                                        data fails to meet the asymptotic 

                                        assumptions of the Hausman test; 

                                        see suest for a generalized test 

21 



 

Interpretation: The chi2 value indicates that fixed effects are preferable to random effects for 

this model. 

Breusch and Pagan: 

      log_Total_Average_Employment[county_id,t] = Xb + u[county_id] + e[county_id,t> ] 

      Estimated results: 

                         |       Var     sd = sqrt(Var) 

                ---------+----------------------------- 

               log_T~ent |   2.568849       1.602763 

                       e |   .0015447       .0393028 

                       u |    .099378       .3152428 

      Test:   Var(u) = 0 

                             chibar2(01) = 44358.02 

                          Prob > chibar2 =   0.0000 

Interpretation: The high chi2 value demonstrates that heteroscedascity is a problem, which is 

accounted for using robust standard errors. 

Heteroscedascity Plot: 

 

 

  
 

Interpretation: The trend in residuals demonstrates that heteroscedascity is a problem, which is 

accounted for using robust standard errors. 
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