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Abstract

Obijectives: Broadband access is an essential social determinant of health, the importance of
which was made apparent during the COVID-19 pandemic. We sought to understand disparities in
broadband access within cities and identify potential solutions to increase urban access.

Study design: This was a descriptive secondary analysis using multi-year cross-sectional survey
data.

Methods: Data were obtained from the City Health Dashboard and American Community
Survey. We studied broadband access in 905 large US cities, stratifying neighborhood broadband
access by neighborhood median household income and racial/ethnic composition.

Results: In 2017, 30% of urban households across 905 large US cities did not have access to
high-speed broadband internet. After controlling for median household income, broadband access
in majority Black and Hispanic neighborhoods was 10-15% lower than in majority White or Asian
neighborhoods. Over time, lack of broadband access in urban households decreased from 30% in
2017 to 24% in 2021, but racial and income disparities persisted.

Conclusions: As an emerging social determinant, broadband access impacts health across
the life course, affecting students’ ability to learn and adults’ ability to find and retain jobs.
Resolving lack of broadband access remains an urban priority. City policymakers can harness
recent infrastructure funding opportunities to reduce broadband access disparities.
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Introduction

Access to fast, reliable internet (“broadband”) is an important resource for obtaining
essential services and information, including for health.1 Broadband internet is widely used
to access health-related resources, including remote monitoring of medical devices, delivery
of healthy food from Web-based food services, and medical information.! Conversely, lack
of broadband hinders access to essential health-related services and social services. For
example, broadband access facilitates access to health care, an ability to work from home
(thereby reducing exposure to COVID-19), ability to access remote learning, and other
essential goods and services.23 The ongoing COVID-19 pandemic has exacerbated the
consequences of lack of broadband access, raising awareness of its importance, especially
for racial/ethnic minority populations and in rural communities.}# Despite the growing
importance of broadband in daily life, a substantial number of US residents still lack
access.2”

Researchers have characterized city-rural differences in internet access.28 Rural
communities are more likely than city communities to suffer from lack of any type of
internet access. In 2018, 19% of rural households still had no form of internet, compared
with 14% of city households. Even fewer households had access to high-speed broadband
internet services.” Requirements for access to high-speed broadband internet services are
multifaceted, including whether or not broadband infrastructure and subscription services
exist where a given household is located, whether the members of that household can afford
to purchase a broadband internet subscription, whether the internet infrastructure meets the
minimum speed requirement (25 Megabytes per second [download]/3 Megabytes per second
[upload]) to be classified as “high-speed,”8 whether that household can navigate how to
connect to internet, and then chooses to adopt high-speed broadband internet services. This
is consistent with social inclusion theories®19 and broadband access as a social determinant
of health.1:11 Many studies have attributed these disparities to the lack of investment and
deployment of broadband infrastructure in rural areas.2® In the 2021 infrastructure bill, $65
billion dollars were allocated to build broadband infrastructure in unserved and underserved
areas, a step that should help to ameliorate infrastructure barriers to broadband connection.12
Yet, while most US cities now have the physical infrastructure to support broadband access
for all residents,!3 substantial disparities in broadband access persist within and across
neighborhoods. Broadband gaps in cities are largely influenced by lack of affordability,
disparities in digital literacy, and difficulties accessing broadband among populations

with lower educational attainment and language barriers.>14 Previous research has also
found evidence of profit-based discrimination in service delivery contributing to racial

and geographic disparities in broadband access.? These factors suggest that infrastructure
improvements alone may not be sufficient to eliminate disparities in broadband access for
urban households.1®
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Gaps in broadband access within cities have not been as well characterized as city-rural
broadband access disparities. To characterize within-city broadband access disparities across
cities, and neighborhoods within them, we examined disparities in broadband access in

905 US cities (consisting of urbanized areas and urban clusters defined by Census1®) by
contrasting household median-level broadband internet access at the neighborhood level
within cities (proxied by Census tract, a small, relatively permanent statistical subdivision of
a county, drawn by the Census Bureau) using the data from American Community Survey
(ACS), 2017-2021. To understand racial/ethnic and income disparities in broadband access,
we stratified by neighborhood racial/ethnic composition and median household income. The
goal of this analysis was to provide policymakers and researchers with a clear understanding
of within-city disparities in broadband access to identify potential solutions to increase
access and utilization.

We conducted a secondary data analysis using US Census ACS data provided by the City
Health Dashboard (the Dashboard). The Dashboard includes all US cities, defined as census
incorporated places and minor civil divisions with functioning governments, with a 2020
Decennial Census population of 50,000 or more (7= 861) and 44 additional cities with
population between 2800 and 49,578. The complete list of 905 cities can be found on the
Dashboard website.1” Broadband Access, as presented on the Dashboard and calculated

by ACS, is defined as the percentage of households with self-reported connections to
high-speed broadband internet (including cable, fiber optic, and digital subscriber line DSL
(digital subscriber line) connections).18:19 Because ACS measured active broadband internet
subscription in a household, this definition not only measured the availability of broadband
infrastructure but also that the household chose and could afford to purchase broadband
subscription.

The metric is reported by ACS as a percentage and presented as reported by ACS on

the Dashboard. Households with only cellular data plans are excluded from this metric
because cellular plans do not support the range of internet services provided by high-speed
broadband.29 We analyzed data from the years 2017-2021 for city and neighborhood
broadband access.

We calculated the median percentage of households reporting broadband access at
neighborhood level and further disaggregated estimates by median household income

and neighborhood racial/ethnic composition. We used one-way analysis of variance to

test whether the difference of broadband access across racial/ethnic groups within each
income stratum is statistically significant. For median household income disaggregation, we
assigned neighborhoods within cities to income quartiles (low, low to medium, medium

to high, and high income) using ACS 5-year estimates (ACS variable S1901_C01_012E)
relative to the other cities and neighborhoods displayed on the Dashboard. As a robustness
check, we reanalyzed the data using different income cut-offs to avoid potential artifactual
inferences resulting from cut-off selection (Table A2 & A3). For racial/ethnic composition
disaggregation, we categorized neighborhood racial/ethnic composition by whether a racial/
ethnic group comprised over half of the total population in the city/neighborhood (ACS
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table: DP05). Race/ethnicity categories included Asian Americans (AA), non-Hispanic
Black (Black), Hispanic/Latino (Hispanic), non-Hispanic White (White), American Indian,
Native Hawaiian, and other Pacific Islander (Al or NH&PI, as a single group due to low
counts). Neighborhoods without an absolute majority race/ethnicity were categorized as no
majority. In the “no majority” group, the average distribution of White, non-Hispanic Black,
Hispanic, and AA was 35%, 20%, 28%, and 15%, respectively. As a sensitivity analysis, we
also classified neighborhoods based on which racial/ethnic group had the highest population
percentage, even if that percentage did not represent a majority of the city/neighborhood’s
population. The results of this analysis are displayed in Appendix.

Across Dashboard cities, on average, three-quarters of households (76.5%) were connected
to broadband internet in 2021. Income and racial/ethnicity were associated with broadband
access (Table 1). The median broadband access by median household income suggested that
high-income neighborhoods had the highest broadband access rate (87.2%) and low-income
neighborhoods had the lowest broadband access rate (58.8%). The median broadband
access by race/ethnicity group suggested that AA majority neighborhoods had the highest
broadband access rate (82.3%), followed by White majority neighborhoods (81.2%) and
neighborhoods with no majority race/ethnicity (76.1%). Black- and Hispanic-majority
neighborhoods had the lowest broadband access rate (59% and 65.4%, respectively). At least
75% of the AA and White majority neighborhoods had higher broadband access rate than
the top 25% of Black and Hispanic neighborhoods. The upper quartile of broadband access
among the Black- and Hispanic-majority neighborhoods were 69.6% and 74%, respectively.
In contrast, the lower quartile of broadband access among the AA and White majority
neighborhoods was 73% (Fig. 1 and Table 1).

Neighborhood income quartiles and majority race distributions were highly correlated.
According to Table 1, only 3% (142) of the 4479 Black predominant neighborhoods were

in high-income neighborhood quartiles, and 67% (2980) were in the lowest income quantile.
In contrast to Black neighborhoods, 55% (598/1093) and 36% (7123/19597) predominantly
AA and White neighborhoods were considered as high-income neighborhoods, respectively.
After stratifying by income, neighborhoods with majority non-White residents consistently
have lower broadband access than White majority neighborhoods, including AA majority
neighborhoods. Among low-income neighborhoods, the median broadband connection rate
for Al and NH&PI majority neighborhoods was 51.2% (interquartile range [IQR]: 49.1,
65.9), for Black majority neighborhoods was 53.2% (IQR: 44.1, 61.9), for Hispanic-majority
neighborhoods was 56.3% (IQR: 47.7, 63.9), and for AA majority neighborhoods was
56.3% (IQR: 49.4, 68.4). These numbers were considerably lower than White majority
neighborhoods (65.7%; IQR: 57.6, 72.4), and neighborhoods with no majority race/ethnicity
(61.8%; IQR: 53.5, 69.2). Roughly similar racial/ethnic disparities were seen in high-income
neighborhoods. Overall, 73.2% of households in Al and NH&PI majority neighborhoods,
81.2% in Black majority neighborhoods, and 82.3% in Hispanic-majority neighborhoods
had broadband access, whereas 87.3% of households in AA, 87.2% of households in White
majority neighborhoods, and 85.2% of the households in neighborhoods with no majority
race/ethnicity group were connected to broadband internet. Differences by racial/ethnic
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groups are statistically significant in all income strata (Fig. 2 and Table 1). Statistical results
for Al or NH&PI and AA majority should be interpreted with cautions due to small sample
size (Table 1).

Between 2017 and 2021, access to broadband increased modestly, and disparities in
broadband access diminished. Overall, the median broadband connection rate increased from
70.4% to 76.1% across all neighborhoods (Table 1). Broadband access increased by 15.3%
in low-income neighborhoods, a faster rate than the 2.4% increase rate in high-income
neighborhoods. In each income stratum, increases in broadband access were larger in Black-
and Hispanic-majority neighborhoods (2—7%) than in neighborhoods with other race/ethnic
compositions. Broadband access in AA majority neighborhoods fluctuated (—2.5% to 1.6%)
year by year over the 5-year period (Fig. 3).

Fig. 4 shows the geographical distribution of broadband access across the 905 Dashboard
cities. Generally speaking, cities in the West had higher broadband access than cities in the
northeast and south. Cities in the Great Lakes region and along the southern border had the
lowest broadband access among the 905 included cities.

Discussion

Four key findings emerged from our analysis of broadband access in US cities. First, in
2021, about a quarter of households in the 905 largest US cities did not have broadband
access at home. Second, households in low-income neighborhoods were less likely to
have broadband access compared with households in high-income neighborhoods. Third,
predominantly minority neighborhoods had lower broadband access compared to White
and no majority neighborhoods, regardless of income level. Our findings confirm patterns
previously published by the PEW Research Center and others using smaller surveys or

a more limited geographic focus.>21 Fourth, although broadband access increased only
modestly between 2017 and 2021, we documented that improvements were larger in low-
income and minority-predominant neighborhoods and had the effect of modestly reducing
racial/ethnic and income broadband access disparities. To the best of our knowledge, this
is the first article to comprehensively examine broadband access of city neighborhoods at
national level.

Despite progress made over the 4-year period, our results indicate that substantial broadband
access disparities persist in urban settings. Across the 905 cities analyzed, more households
from low-income neighborhoods lacked access to high-speed internet than did households
from high-income neighborhoods. Previous research generally ascribes lack of broadband
access to an absence of broadband infrastructure, unwillingness on the part of broadband
providers to invest in such infrastructure, and the cost of broadband service.>° However,
our data showed that at least 30% of households in low-income neighborhoods had
broadband access (see the lower quartile in Fig. 1), suggesting that most of these urban
neighborhoods were equipped with broadband infrastructure. Therefore, other factors, such
as affordability and digital literacy, may have been the cause of low broadband adoption in
these neighborhoods. Reducing the cost of broadband access, potentially through providing
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direct subsidies for broadband subscriptions and computer devices, could reduce disparities
in broadband access.

Because of population hypersegregation by race/ethnicity, the average income of Black
neighborhoods only marginally overlaps with White majority neighborhoods across our
sample of 905 cities.22 However, our findings suggest that income alone cannot explain
comparatively lower broadband connection rates in Black, Hispanic, and Al or NH&PI
majority neighborhoods across income strata. For example, if 70% of households in a
neighborhood were connected to broadband internet, that neighborhood would be more
connected than three-quarters of Black- and Hispanic-majority neighborhoods in American
cities, but it would be less connected than three-quarters of AA and White majority
neighborhoods. This suggests significant broadband disparities by household race/ethnicity.
Even among neighborhoods with high median household income, broadband access in
White majority neighborhoods was 12% higher than in Black majority neighborhoods and
7.5% higher than in Hispanic-majority neighborhoods. One explanation is differences in
disposable income. Even within the same income quartile, Black and Hispanic households
tend to have less family wealth (e.g. savings and home ownership) than White or

Asian households, which may make Black and Hispanic households more sensitive to

the cost of broadband subscription.?3 In addition, in many cities, geographic broadband
disparities also likely reflect a broader history of structural racism caused by disinvestment
and discriminatory development and zoning practices.24 For example, other studies have
demonstrated that neighborhoods redlined more than a half-century ago have lower
broadband access today.2>

In contrast to Black neighborhoods, AA neighborhoods had the highest median broadband
access rate. However, we also noticed that median broadband access in AA neighborhoods
was considerably lower than White majority neighborhoods in low-income strata. The
high-income AA neighborhoods drove up median broadband access rates for all AA
neighborhoods and masking lower access specifically in the low-income stratum. This
phenomenon further emphasizes the need for stratification in conducting social health
research, especially among racial/ethnic groups that encompass a wide range of ethnic
subgroups, such as AA and Hispanic populations.24

In response to the lessons learned from the COVID-19 pandemic, the Federal
Communications Commission has launched an Advancing Broadband Connectivity as a
Social Determinant of Health Initiative.26 The task force leading the initiative acknowledges
that the myriad ways in which internet adoption may influence health are not well
characterized, yet correlations between broadband access and improved health outcomes are
strong. The use of health-related digital tools to access health care or to seek health-related
information is the best-studied route, and socioeconomic disparities in such uptake are well
documented. A recent study using data from Health Information National Trends Survey
found that utilization of digital health in response to COVID pandemic only increased in
high-income groups.2” A similar study also found that older people and people with low
education attainment were less likely to use the internet to find healthcare provider or

look for health-related information.28 Monitoring the impacts of policy efforts to expand
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broadband in the post-COVID era and evaluating the subsequent impacts on health and
health equity outcomes will be important steps.

There are several limitations of our study. First, ACS data are imperfect. Places with low
population density may see large error margins because of sparse data (although most

cities in this analysis are densely populated), and there is 2-year lag in data reporting.
Methodologically, this may minimize the impact of the data lag.® Also, the ACS survey
instrument does not collect information on the actual speed of respondents’ internet
connections, instead asking respondents if they have “high-speed” fixed-line internet and
excluded cellular plan from the “high-speed” internet entirely. ACS also does not indicate
the physical availability of broadband infrastructure. Therefore, our data cannot identify
whether the lack of adoption is due to the absence of infrastructure or the cost of
subscription. Second, our broadband access was measured at household level, but our racial/
ethnic majority neighborhoods were measured at population level. Household broadband
access rate might be higher than population broadband access rate depending on the
household size in certain neighborhoods. Certain individual-level attributes, such as age,
health status, and education level, cannot be analyzed because a household typically includes
multiple people with various level of individual factors. Finally, due to the population
distribution and residential segregation, the number of neighborhoods by different race/
ethnicity group in each income stratum is unevenly distributed, especially for Al or NH&PI.
Estimates from these groups should be interpreted with cautions.

Broadband access is an emerging social determinant of health with impacts across the life
course, affecting access to information, education, health care, and other important health
determinants.?® The COVID-19 pandemic has substantially increased public understanding
of the importance of broadband access. City policymakers should take advantage of recent
infrastructure funding targeted at broadband access to eliminate disparities. By providing
city-level maps of household broadband access for 905 large US cities, resources such as
the City Health Dashboard can be used by city policymakers to target investments and
interventions to close the gap in broadband access.
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Fig. 1.

Distribution of broadband access by race/ethnicity and income, 2021.
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Broadband access rates by Census tracts, median income, and majority race/ethnicity, 2021.
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Broadband access by majority race/ethnicity, stratified by income, 2017-2021.
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Fig. 4.
Broadband access rates by city, 2021.
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