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Abstract

This paper documents home Internet access, types of Internet access, connection speeds,
and prices for basic home Internet in tribal areas of the United States. We �nd that the share of
households with Internet access is 21 percentage points lower in tribal areas than in neighboring
non-tribal areas. Whencompared to thesenon-tribal areas, download speeds,whethermeasured
using �xed or mobile broadband networks, are approximately 75% slower in tribal areas, while
the lowest price for basic Internet services in tribal areas is 11% higher. Regression techniques
reveal that traditional cost factors such as terrain and population density fully explain the price
gap but account for only a fraction of the tribal di�erences in Internet access and connection
speeds. Income di�erences are strong predictors of Internet access but do not a�ect connection
speeds. A sizable amount of the variation in the access and home connection gap between tribal
and non-tribal is left unexplained. We conclude with a discussion of how federal broadband
programshavepenetrated IndianCountry, how tribal-speci�c factors are related to the variation
in Internet access within IndianCountry, and the potential policy implications of our �ndings.

JEL Classification: O33, R11, R12, J15
Keywords: Digital divide, Broadband, Connectivity, Indian Country, American Indians

*The views expressed here do not necessarily represent the position of the Federal Reserve Bank of Minneapolis or
the Federal Reserve System.

†Corresponding Author: Center for Indian Country Development, The Federal Reserve Bank of Minneapolis
(email matt.gregg@mpls.frb.org)

‡Department of Economics, University of Illinois at Urbana-Champaign (email abauer11@illinois.edu)
§Department of Economics University of Victoria; Center for Indian Country Development, The Federal Reserve

Bank of Minneapolis; The IZA (email dfeir@uvic.ca)

1

mailto:matt.gregg@mpls.frb.org
mailto:abauer11@illinois.edu
mailto:dfeir@uvic.ca


1 Introduction

The importance of a reliable Internet connection became painfully clear during theCOVID-19 pan-

demicwhen public healthmeasures required virtual education, work, and social interaction inmany

places (Prieger, 2003; Oyana, 2011; Liu et al., 2018; Reddick et al., 2020). Unfortunately, dependable

Internet access is not a given for those living in Indian Country – the land within the boundaries of

American Indian reservations and the land held in trust by the federal government for the bene�cial

use ofAmerican Indians. Thismatters for economic development (Czernich et al., 2011; Kolko, 2012;

Whitacre et al., 2014a; Ford, 2018), �rm location and productivity (Kim and Orazem, 2017; Fabling

and Grimes, 2021), local employment (Lehr et al., 2006; Crandall et al., 2007; Van Gaasbeck, 2008;

Jayakar and Park, 2013; Atasoy, 2013; Whitacre et al., 2014b; Hjort and Poulsen, 2019; Lobo et al.,

2020), the functioning of local markets (Bhuller et al., 2020), and access to �nancial markets (Evans,

2018).

While it has been noted that Internet access in tribal areas is lower than in non-tribal rural areas

(see, e.g., Feir et al., 2019; Federal Communications Commission, 2019), there are still many funda-

mental, unanswered questions about this divide that are important for public policy. For example,

to what extent is the Internet access gap between tribal and non-tribal areas due to factors such as

rugged terrain andpopulationdensity that drive up the cost of providing broadband access? Towhat

extent do incomedi�erences between tribal areas andnon-tribal areas explain di�erence in access? Or

towhat extent is the gap in home-based Internet access due to institutional barriers unique to Indian

Country?1 For example, the complicated management of lands held in trust within tribal jurisdic-

tionsmay signi�cantly impact broadband access (Henning andRodman, 2021). Jurisdictional issues

between states and tribal governments, many of which are even more pressing on reservations with

“checkerboard” land ownership of private and trust lands, can increase the cost of providing broad-

band (Federal Communications Commission, 2019). Other jurisdictional issues, such as whether
1In this paper, the terms “tribal areas” and “Indian Country” are used interchangeably to characterize households

located within the boundaries of federally recognized Indian reservations. The race of the heads of households is unob-
served in our data; however, our indicator for tribal areas is highly correlated with the proportion of the population that
is American Indian.
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the state or the tribe has jurisdiction over civil matters under Public Law 83-280, may also play a role

(Wellhausen, 2017). Other features of the tribal digital divide, such as connection speeds and prices

for basic Internet services, are not well understood.

This paper leverages four broadband penetration datasets to create the �rst large-scale study of

the extent and determinants of the tribal digital divide. We use these data to establish at least three

stylized facts about this divide. First, we use public data from the most recent American Commu-

nity Survey (ACS 2015-2019) to estimate di�erences in residential Internet access between tribal and

neighboring non-tribal areas (Manson et al., 2020).2 In addition, we measure the di�erence in how

households in tribal and non-tribal areas connect to the Internet when it is used. Second, we charac-

terize the di�erence in last-mile Internet coverage between households on and o� reservation areas

by adopting Ookla’s measures of connection speed from the �rst quarter of 2020 to the �rst quarter

of 2021.3 We complement our last-mile analysis by using 2015-2019 connection speeds from theMea-

surement Lab (M-Lab) speed tests, which measure Internet performance in the Internet’s middle

mile. Third, we study the disparities in the lowest prices for basic broadband plans using data com-

piled in 2020 by BroadbandNow.com, a private company that aggregates local data from Internet

service providers (ISPs).

The gap for each outcome is determined by the average di�erence between households on and

o� tribal land. We also include geographic, cost, and demand variables for each outcome to deter-

mine how these factors may explain the broadband gap between tribal and non-tribal areas.4 By

leveraging these novel scores of data, we are able to contribute to the understanding of tribal broad-

band coverage and provide further evidence of the systematic price disparities faced byNative people

on reservations (Wellhausen, 2017; Cattaneo and Feir, 2020; O’Connell et al., 2011; Romero-Briones
2Since we are interested in understanding the role of institutional di�erences between tribal and neighboring non-

tribal areas, we omit Oklahoma Tribal Statistical Areas (OTSAs), Alaska Native Statistical Village Areas (ANVSAs) and
Hawaiian Home Lands (HHLs) from the sample.

3Terms such as “last mile” refer to the topology of the Internet. Speci�cally, the “last mile” of service refers to the
connection from the local Internet service provider’s (ISP) server to the end user’s home. The “middle mile” of service
refers to the connection between servers outside a local ISP’s network.

4We recognize that it can be di�cult to separate the factors of supply and demand. However, we follow Hauge and
Prieger (2015) in using the term “demand” to include factors such as household income and poverty rates.
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and Foxworth, 2016; Rivera and Foxworth, 2018) and low-income families in the U.S. as a whole

(Myers et al., 2011; Broda et al., 2009; Chung and Myers Jr, 1999). Our results also shed light on

which contemporary broadband policies are best designed to address the multiple dimensions of

the connectivity divide between tribal and non-tribal areas.

Consistent with some previous studies (Feir et al., 2019; Federal Communications Commission,

2019), we �nd a large raw gap in Internet access between tribal and non-tribal areas. Speci�cally,

the ACS data show that the average share of households with Internet access in tribal areas is 66%,

while the average percentage of households with Internet access in neighboring non-tribal areas is

87%. This gap is approximately four times larger than the urban-rural gap in Internet access, which

is about 6% (as reported here). In addition, Fairlie (2017) and Ho�man and Novak (1998) found a

gap in home Internet access between non-Hispanic White and Black heads of households between

5% and 10%. Thus, the access gap between tribal and non-tribal areas is themost signi�cantmeasured

disparity in the Internet connectivity literature.

The ACS data also show that the methods by which households access the Internet di�er sig-

ni�cantly between tribal and non-tribal areas. For example, consistent with Morris and Meinrath

(2009) andHoward andMorris (2019), households living predominantly in tribal areas are less likely

to have a high-speed broadband subscription (via cable, �ber optic, or DSL) and more likely to use

the Internet via cellular data plans or satellite Internet subscriptions. These di�erences are large. For

example, households living in tribal areas are approximately twice as likely to access the Internet ex-

clusively through cellular data plans and �ve times as likely to access the Internet exclusively through

satellite Internet.

We also �nd signi�cant di�erences in average Internet connection speeds in the last mile of In-

ternet service. On average, download (upload) speeds over �xed networks in tribal areas are 71%

(79%) slower than connection speeds in neighboring, non-tribal areas. Similar results exist for mo-

bile broadband connection speeds. In addition, we �nd that average middle-mile connection speeds

are slower in areas predominantly occupied by reservation land than in neighboring non-reservation
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land.

After accounting for di�erences in cost and demand factors, the adjusted di�erences in aver-

age download (upload) speeds of �xed broadband networks in tribal areas are still about 36% (43%)

between tribal areas and neighboring non-tribal areas. We do not �nd that tribal-speci�c factors

are important contributors to the di�erences in middle-mile connectivity. However, these results

cannot draw clear policy conclusions because both last-mile and middle-mile connection data were

collected with di�erent levels of geographic precision.

Consistent with previous research (Park, 2020), we �nd that an ISP’s least expensive plan for

basic broadband service is about 11% more expensive in predominantly tribal areas than in nearby

non-tribal areas. This di�erence suggests that households in tribal areas have to spend 2% of their

annual income on basic service, while those in nearby non-tribal areas would have to pay only 1%.

Thus, the budget share for basic Internet services is twice as high for households in tribal areas as in

neighboring non-tribal areas. Taken together, these �ndings paint a bleak picture of the tribal digital

divide. Households in predominantly tribal areas have poorer overall access to home Internet and,

where available, higher prices and slower average connection speeds than households in neighboring

non-tribal areas.

Many of these gaps, particularly the gap in home Internet access and connection speeds, cannot

be explained by observed di�erences in costs and demand factors. This implies policies that allocate

funding based solely on standard observable cost and demand factors are unlikely to close the gap in

access between tribal and non-tribal areas. For example, while we �ndmedian community income is

an important predictor lower access, it is unable to fully account for the gap in access. Thus policies

such as the Emergency Broadband Bene�t (EBB) program, which provides cash transfers to families

in Indian Country to support Internet uptake, are unlikely to close the divide on their own.

We conclude this paper by examining the tribe-speci�c factors that might in�uence these gaps.

In the spirit of Leonard et al. (2020), we �nd a U-shaped relationship between land held in trust

and home Internet access. Other potential factors, such as whether a tribe has jurisdiction over civil
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matters and the existence of a casino, are not strong predictors of residential Internet access. These

�ndings imply that mixed land tenure on reservations, which is a proxy for checkerboarding, may

be a more important barrier to broadband provision than tribal revenue �ows from casinos or state

versus federal jurisdiction. However, even when census region �xed e�ects are added, less than half

of the total variation of Internet access across reservations can be explained by the combination of

institutional, cost, demand, and location factors.

We believe our �ndings are particularly timely, as the pandemic has brought greater attention to

broadband disparities across the country and prompted federal policymakers to act quickly to sub-

sidize broadband in high-cost areas (Federal Communications Commission, 2021) and create an ex-

emption for tribes to extend broadband to tribal lands. Besides the EBB program, these results also

suggest that �exibility in spending built into the Department of Commerce’s National Telecom-

munications and Information Administration (NTIA) Tribal Broadband Connectivity Program is

highly appropriate since the forms of the tribal digital divide range from inaccessibility, and slower

connection speeds to higher prices.5

Our paper is organized as follows: In Section 2, we begin by presenting the data we have com-

piled on access, connection speeds, Internet prices, and costs and demand factors, and explain how

we de�ne tribal communities given the limitations in these datasets. In Section 3, we then discuss the

empirical framework we use to quantify the broadband gap. We break down our results in Section

4 and explain the di�erent measures of the digital divide that we use (Internet access, subscriptions,

connection speeds, and prices). Section 5 provides supplementary data to determine how tribal insti-

tutional factors a�ect the estimated gap in Internet access and usage. We conclude in Section 6 with

a discussion of the policy relevance of our �ndings and suggest important future research directions.
5For a description of the NTIA’s Tribal Broadband Connectivity Program, see https://broadbandusa.ntia.

doc.gov/resources/grant-programs/tribal-broadband-connectivity-program.
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2 Data and Measurement

To calculate the gap between tribal and non-tribal areas in Internet-related outcomes, one would

ideally have detailed geographic information. Unfortunately, public data on Internet usage and ac-

cess do not include precise coordinates, so we establish a decision rule to de�newhether a household

is located on or just outside a federally recognized reservation. Therefore, our unit of observation

in the main sample is the census block group, the smallest geographic unit containing broadband-

related outcomes in the ACS. Some Internet outcomes, such as minimum basic broadband price

and middle-mile connection speeds, can only be measured in less precise geographic units such as

ZIP code translation areas (ZCTAs). In both cases, we characterize a census block group or ZCTAas

“tribal” and “non-tribal.” We assign geographic units to tribal areas by overlapping theTIGER/Line

shape�les of recognized federal reservations onboth census geographies. Once those overlappercent-

ages are calculated (see Figure 1), we identify “tribal” areas where more than 50% of the geographic

unit overlaps with federal reservation land. To limit our sample for “non-tribal” to nearby areas, they

must satisfy two conditions: (1) 50% or less of the geographic unit’s area consists of federal reserva-

tion land, and (2) the center of the geographic unit is within 25 kilometers of the nearest centroid of

the “tribal” area.6

To get a better sense of the sample, see Figure 2. UsingMinnesota as an example, Panel A shows

the location of Indian reservations within the state, while Panel B contains the “tribal” block groups

(in yellow) and the “non-tribal” block groups (in blue) using our assignment rule. Fortunately, our

tribal assignment rule appears to re�ect the locationof large, contiguous reservations. Thenon-tribal

areas are relatively uncovered by reservation land.

We work with four main sources of data in this paper: (1) the latest release of the ACS, (2) Ookla

speed tests, (3) M-Lab speed tests, and (4) BroadbandNow.com (BBN).We brie�y describe the ben-

e�ts and limitations associated with each dataset below.

The ACS data was collected over �ve years from 2015 to 2019 and released to the public in De-
6For the list of reservations in our sample, see Online Appendix Table 2.
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cember 2020 (Manson et al., 2020).7 This dataset is a nationally representative sample and includes

questions about household Internet access and the type of Internet subscriptions. As mentioned

above, the unit of observation is the census block group. Unfortunately, the ACS does not provide

Internet-related outcomes by race at a granular level, so we use all households within a census block

group to determine the proportion of households with Internet access.8

We use two self-administered Internet speed tests to measure the connectivity gap between the

tribes. First, we use data collected by Ookla’s Speedtest.net, a free web service that provides cross-

deviceperformancemetrics. Speci�cally,wemeasure Internetquality by averagingupload anddown-

load speeds of �xed andmobile broadbandnetworks from the�rst quarter of 2020 to the �rst quarter

of 2021. While the exact accuracy of the Ookla data varies by location, local speeds are accessible as

shape�les with tiles of approximately 610.8 meters by 610.8 meters at the equator.9 These speed tests

measure the connection of the “last mile” of the Internet, i.e., the speed at which information is

transmitted to the customer’s device from the nearest local server. To be consistent with the ACS

data, we aggregate these data up to the level of the census block group.

We also adopt connection speeds collected by M-Lab, an open-source project that uses a single-

stream diagnostic tool to measure a device’s Internet performance. M-Lab’s speed tests come from

“o�-net” servers, meaning that the test calculates the connection from home to o�-network servers

(and back). Unlike the Ookla tests, these connection speeds inform the consumer of the “middle

mile” connection to the Internet and are typically slower. For our purposes, the M-Lab data o�er

two advantages over Ookla data: (1) theM-Lab speed data represent the full user experience, and (2)

these connection speeds can be calculated over a longer period of time (i.e., we adopt data from 2015
7There are some limitations in the ACS data. First, the ACS does not ask questions about the quality of the Internet

when it is available. Second, several studies have questioned the quality of the ACS data in Indian Country (DeWeaver,
2010, 2013a,b,c; Villega et al., 2016). These studies have highlighted underreporting of the American Indian, Alaska
Native (AIAN) population, particularly in years prior to 2011 when interviews were conducted by email or telephone.
The U.S. Census Bureau changed its procedures in 2011 to address this issue by conducting in-person interviews in areas
of Indian Country where 10% of the population participated in the 2010 Census (U.S. Census Bureau, 2020). The only
way to assess Internet access and other demographic and economic variables in very rural areas, such as most Indian
reservations, is to use the �ve-year average, which smooths out year-to-year changes in these variables.

8For a discussion of the di�erences between ACS and FCC Internet data, see the online Appendix.
9See https://www.ookla.com/ookla-for-good and https://github.com/teamookla/

ookla-open-data. Last accessedMay 13, 2021.
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to 2019), which should reduce the role of outliers. However, the main limitation with the M-Lab

data is the geographic identi�cation of the speed tests at the location of the local server, which can

be manymiles from home in rural areas. For this reason, we aggregate these speed tests at the ZCTA

level.

The Ookla and M-Lab data have one major limitation: Both are based on individuals who vol-

untarily perform speed tests. Therefore, the observed speed tests may not be representative of the

general distribution of connection speeds. For example, the speed test data likely su�er frompositive

selection (i.e., higher-income households are more likely to conduct speed tests), which may a�ect

the accuracy of speed measurements in tribal areas (McMahon et al., 2011). In addition, speed tests

are often conducted at times of extreme congestion. However, there is no a priori information that

households in tribal areas are more likely to conduct a speed test during times of unusually poor

connectivity; thus, the direction of sample selection bias is unclear. Future research will hopefully

address the non-representative nature of connection speed data.

We measure the minimum price for basic broadband services using BBN data. BBN collected

price plans from more than 2,000 ISPs by ZIP code in the third quarter of 2020.10 These prices

re�ect the lowest regular monthly �xed broadband rate for residential customers, whose minimum

requirement is download and upload speeds of 25 Mbps download and 3 Mbps, respectively (Zim-

mer, 2018).11 The price data are collected at the ZIP code level and converted to the ZCTA level using

the HUD crosswalk.12

We incorporate additional data from several sources to account for di�erences in broadband de-

ployment costs between tribal and non-tribal areas. First, because high-speed �ber-optic infrastruc-

ture often runs along major roads, we measure both the distance to the nearest highway and the
10These data are available on Github (https://github.com/BroadbandNow/Open-Data).
11There is a surprising amount of variation inminimumprices across the U.S. Themean price is $55 but the standard

deviation is $20, which is approximately half the mean. The price at the 25% percentile is $40 while the price at the 75%
percentile is $70.

12For the most part, the ZIP codes match the ZCTAs perfectly. However, for completeness, the HUD’s UDS
Mapper crosswalk links all ZIP codes to the ZCTAs. For more information, see https://udsmapper.org/

zip-code-to-zcta-crosswalk/.
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distance to the nearest urban area using Census TIGER/Line Shape�les.13 Second, we measure to-

pographic di�erences by calculating the mean slope of the terrain from a 1/3 arc-second resolution

elevation changemap from theNational ElevationDataset (NED) and the percentage of tree canopy

cover from the National Land Cover Database (NLCD). Population density and block group area

are from theACSandCensusTIGER/Line Shape�les. We also control for income anddemographic

di�erences by taking the ACS data on median household income, poverty rate, and median age.

Table 1 presents the mean di�erence between tribal and non-tribal areas for each variable used in

this study. Column 1 provides themean for each variable in tribal areas, whichwe de�ne as “tribal” if

at least 50% of the geographic unit’s area overlaps with federally recognized American Indian Reser-

vation land. Column 3 contains the mean for the non-tribal sample, including all “non-tribal” geo-

graphical units whose centroid is within 25 kilometers of a “tribal” unit. Because census geographic

units (i.e., census block groups andZCTAs) are spatially correlated, we report robust standard errors

and errors clustered at the county level in Column 3.

Table 1 shows that the de�cit in Internet access in tribal areas compared to non-tribal areas is 21%,

while for householdswith Internet access, the de�cit is 19% for householdswith�xedbroadband sub-

scriptions. Given that satellite Internet and cell phone-only home Internet use are often associated

with living in very rural areas, the di�erences in the proportion of households with cellphone-only

plans and satellite Internet contracts are stark. Households in tribal areas are twice as likely to use

cell-phone only home Internet and �ve times as likely to use satellite Internet for home Internet.

There is a signi�cant di�erence in Internet connection speeds between tribal and neighboring

non-tribal areas. For example, the average download speed in Ookla speed tests is about twice as fast

in neighboring non-tribal areas. Speeds obtained with theM-Lab performance tests are consistently
13Ideally, we would have used actual data on �ber-optic infrastructure, but the only o�cial, publicly available data

are reported by ISPs to the FCC on Form F477, which, as noted above, may overrepresent coverage. Other attempts,
such as Durairajan et al. (2015) and Durairajan et al. (2013), to construct �ber-optic maps were made using data from
the Internet Atlas project (no longer available), while Knight et al. (2012) collected data from The Internet Topology
Zoo. Both initiatives collected and processed public data frommajor ISP websites with various accuracy. Regarding the
accuracy of the map and the data provided by ISPs, Knight et al. (2012) explicitly states: “The map is the idealization of
their network theywished to publicize.” In the absence of accurate data on �ber-optic infrastructure, we use the distance
to the nearest highway.

10



slower in tribal areas. However, these di�erences are smaller than for last-mile connections obtained

with Oookla data. One potential reason for this is that the M-Lab data con�rm di�erent privacy

protocols, so the exact locations of these tests are unclear, which may attenuate these di�erences.

Table 1 reveals that the de�ciency in Internet access in tribal areas relative to non-tribal areas

is 21 percentage points, while, among the households with access to the Internet, the de�ciency in

households with �xed broadband subscriptions is 19 percentage points. Given that satellite Internet

and exclusive use of cell phones for home Internet are often functions of living in highly rural areas,

the di�erences in the share of householdswith only cellular data plans andwith only satellite Internet

plans is stark: Households in tribal areas are twice as likely to exclusively use cell phones for home

Internet and �ve times as likely to use satellite Internet for home Internet.

The average price for basic Internet in “tribal” ZIP codes is $65 per month compared to $60 per

month in neighboring “non-tribal” ZIP codes. This $5 per month premium leads to larger di�er-

ences in the annual cost of basic Internet as a share of income because median household income is

substantially lower in tribal areas (see Panel B). As a result, the spending on basic Internet for house-

holds in tribal areas is twice the share of spending for households in neighboring areas.

With respect to the cost and demand factors, there is a statistically signi�cant di�erence between

tribal and non-tribal areas for every control variable except for the proportion of tree cover. In partic-

ular, median household income and population density are substantially lower on tribal lands than

neighboring non-tribal areas. Tribal areas also have a younger population than non-tribal areas.

The distance between the centroid of tribal areas and the center of the nearest city ismuch greater

for tribal areas than for non-tribal areas, even though the two are contiguous. However, this result

is purely mechanical: The size of census block groups is de�ned by population, and given the dif-

ference between tribes in population density, the size of census block groups classi�ed as “tribal” is

much larger than neighboring non-tribal block groups. Other control variables (themajor highways

indicator, the poverty rate, and the average slope of the terrain) suggest large di�erences between

tribal and non-tribal areas, even when the non-tribal areas are nearby.
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One �nal note is worth mentioning. Our sample restriction and tribal assignment rule, i.e., as-

signing units as “tribal” if 50% of their area contains Indian reservation land, works well with the

block group data. Using both criteria, the overlap percentage of “tribal” block groups is 96%, while

the overlap percentage of “non-tribal” block groups is 3%. We are therefore con�dent that most

households in our “tribal” units live on reservation land, whereas the large majority of households

in our “non-tribal” units live o� reservation land. The sampling relationship holds for “tribal” and

“non-tribal” ZIP codes.

3 Empirical Framework

To measure the digital divide between the tribes in their di�erent forms, we use the following em-

pirical framework:

Yi = α + βtribali + Cost′iψ +Demand′
iπ + εi (1)

where Yi is the outcome variable of interest in geographical unit i, and “tribal” equals one if at least

x% of the unit’s area overlaps with federal Indian reservation land, and zero otherwise. We allow

x≥ 50 for the bulk of speci�cations. However, to illustrate how the gaps between tribal and non-

tribal areas vary by the overlapping percentage, we allowx to vary across all possibilities (i.e., we allow

x to vary from x ≥ 1 to x ≥ 99) and report the β̂ for each xwhen we measure the raw gaps.

The control variables are grouped into two categories. Because many Indian reservations are

located in remote areas with high broadband costs,Costi contains geographic variables such as dis-

tance to an urban area, distance to a primary major road, mean slope (and its standard deviation)

of the terrain, percentage the of proportion of tree cover, land area, and population density. We

also use state �xed e�ects to account for cost di�erences shared within states, but that vary across

states. These controls allow us to identify the mean di�erence in Y , while accounting for the cost of

deploying broadband due to traditional cost di�erences.
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We also add factors in Demandi such as median household income, poverty rate, and median

age to account for demand di�erences. However, there is one thing to note when using household

income as a control variable. Sincemedian household income a�ects the pro�tability in service areas

and is substantially lower in tribal areas (see Table 1), income could be considered a confounding

factor. However, using income as a control variable may mediate the OLS coe�cient on the tribal

indicator since tribal-speci�c factors may also in�uence incomes itself. In this sense, income may be

considered a “bad control” (Cinelli et al., 2020). If incomemediates the impact of tribal-speci�c fac-

tors on broadband outcomes, then our estimated adjusted gap between tribal and non-tribal areas

will only partially reveal the impact of tribal-speci�c factors on broadband. As a result, overcon-

trolling would bias the results against the hypothesis that tribal-speci�c factors contribute to gaps

between tribal and non-tribal areas.

We also apply a common strategy used in spatial regression discontinuity to compute the tribal

digital divide. First, following Gelman and Imbens (2019), Dell et al. (2018), and Dell and Olken

(2020), we weight each observation such that the weighting of a given unit decreases with distance

from the boundary of a federal Indian reservation. This weighting scheme gives more weight to

geographic areas just within and outside the boundaries of federal reservations andmakes the results

less sensitive to changes in sampling restrictions. Second, to account for spatial autocorrelation, the

standard errors of the block group sample are clustered at the county level, while the standard errors

of the ZCTA sample are clustered at the state level.

4 Main Results

4.1 Home Internet Access and Subscriptions

We �rst use ACS data to investigate the extent of tribal disparity in home Internet access and, when

the Internet is available, the gap in types of Internet subscriptions (i.e., di�erences in the share of

households with �xed broadband, cellphone-only, and satellite-only Internet service plans) between
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tribal and non-tribal areas. In the ACS, a household is classi�ed as having Internet access if a house-

holdmember has an Internet subscription or non-subscription Internet access via a municipal wire-

less network (Ryan and Lewis, 2017). Therefore, under the ACS de�nition of Internet access, a

household may not have Internet access if an ISP does not provide Internet in its service area (i.e., a

supply-side reason), or if Internet is available but the household is unwilling to purchase an Internet

subscription at the market price (i.e., a demand-side reason).

Figure 3 shows four unconditional gaps between tribal and non-tribal areas in Internet access

and subscriptions in the ACS. Panel A shows the 95% con�dence interval for β in Equation (1) for

all possible overlapping percentages, where Y is the proportion of households with Internet access.

Panel B shows the 95% con�dence intervals using the share proportion of households with broad-

band subscriptions, conditional on having Internet access. Panels C andD show the 95% con�dence

intervals using the share of internet-subscribing households with only cellular data plans and only

satellite Internet, respectively.

Figure 3, Panel A shows that the raw access gap is highly statistically signi�cant for all values of

x, ranging in size from 18.9 percentage points (when x ≥1) to 22.2 percentage points (when x ≥99).

This �nding is consistent with Tanberk and Cooper (2021), who �nd an 18% di�erence in tribal In-

ternet accesswhen comparingZIP codes that overlapwith reservations tonon-reservationZIP codes.

The point estimates of the raw gap between tribal and non-tribal areas for households with a broad-

band subscription in Panel B are stable across all overlapping percentages, ranging between 18 and 20

percentage points. Panel C shows that the share of Internet-subscribing households with cellphone-

only data plans only is between 9 and 10 percentage points higher on tribal lands. Finally, Panel D

shows that the share of Internet-subscribing households with satellite Internet only is between 3 and

4 percentage points higher on tribal lands.

To better understand how speci�c factors a�ect the access and subscription type gaps, we esti-

mate the adjusted gaps and report theOLS results in Table 2. For simplicity, we de�ne a block group

as a tribal area for these regressions if 50% of its area overlaps with reservation land and as zero other-
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wise. However, Figure 3 shows that the estimated gaps are insensitive to assignment, largely due to

the relative alignment of block group boundaries with reservation borders.

For each outcome, we report the results in three ways. First, we simply report the unconditional

gap between tribal and non-tribal areas for each outcome. This is identical to the raw gaps measured

at x ≥ 50 in Figure 3. Second, we report the adjusted gaps between tribal and non-tribal areas by

controlling for cost factors. Third, we add demographic and income controls to test the stability of

the tribal coe�cient.14

According to the �rst set of columns in Table 2, the raw gap in Internet access decreases from

21 to 16 percentage points after cost factors are added. Thus, using standard regression techniques,

standard cost factors account for approximately a quarter of the di�erence. Column 3 shows that

income inequality and demographic di�erences explain a substantial portion of the raw access gap

(about 30% of this gap). This result suggests that recent policies such as the EBB program, which

provides cash transfers to households in tribal areas (and smaller cash transfers to households in rural

non-tribal areas), will partially reduce the access gap. However, the adjusted gap between tribal and

non-tribal areas is still 9.5% and is highly signi�cant after controlling for cost and income di�erences,

meaning that roughly half of the raw access gap remains unexplained.

Table 2, Column 4 shows that the share of households with broadband subscriptions is 19 per-

centagepoints lower in tribal areas if theyhave Internet. However, unlikeColumn2, the adjusted gap

is highly in�uenced by cost controls (i.e., approximately 43% of the gap is explained by cost factors).

Controlling for household income, poverty rate, and median age further reduces the gap between

the tribes, accounting for about 30% of the raw gap. As a result, income and cost factors explain

three-quarters of the gap in broadband subscriptions.
14As indicated in Table 1, there are not only di�erences in the socioeconomic characteristics of tribal and non-tribal

areas but also the socioeconomic characteristics of people with and without Internet access in general. See Table 4 in
the online Appendix for summary statistics from the ACS microdata of people with and without Internet access. This
table shows that those without Internet access tend to be slightly older, are less likely to be White, married, or college-
educated. They alsohavemuch lower incomes, both individually and at thehousehold level, are less likely tobe employers
or out of the labor force. Finally, they are more likely to live in the central Southwest. This con�rms that adjusting for
socioeconomic di�erences in and outside tribal areas is relevant for understanding the nature of the tribal broadband
gap.

15



Since previouswork has shown that consumers relymore heavily on cell phones in IndianCoun-

try (Howard and Morris, 2019) and on satellite subscriptions in rural areas in general (Rawls et al.,

2020), we generate some stylized facts regarding the extent to which households on tribal lands use

only cell phones (Columns 7-9) or satellite Internet plans for home Internet access (Columns 10-12).

Column 7 shows that households on tribal lands are twice as likely to access the Internet exclusively

from cellular data plans. The observed cost factors account for about one-�fth of the gap between

tribal and non-tribal areas. As a result, income and demographic factors explain a much larger share

(approximately half) of the raw gap.

The di�erence between the share of householdswith satellite Internet subscriptions in tribal and

non-tribal areas, conditional on having Internet, is also very large (seeColumn 10). Households with

Internet access in tribal areas are �ve times more likely to have only satellite Internet subscriptions

than non-tribal households with home Internet. Unlike the cellular data plan gap, cost factors ac-

count for over 60% of the discrepancy (Column 11), while demand factors account for only 7% of

the gap (Column 12).15

These resultsmask the heterogeneity of the tribal digital divide across states. To illustrate someof

these di�erences, Figure 4 shows the state-by-state variation in of the conditional access gap between

tribal and non-tribal areas. These state-level gaps are estimates of β from Equation (1) using a full set

of controls. We also report state-level access gaps only when there are at least 10 “tribal” block groups

in a state.

Figure 4 reveals that the greatest lack of Internet access in tribal areas (compared to neighboring

non-tribal areas) is in Wyoming, Arizona, and New Mexico. Arizona and New Mexico are home

to most of the Navajo Nation, whose lack of digital inclusion has been well documented in press

articles and recent congressional hearings (Nez, 2020; Park, 2020).16 The states with the smallest gap

in Internet access for tribes are in the Upper Midwest, where the gap in Internet access for tribes is
15We show that these adjusted gaps between tribal and non-tribal areas in Internet access and adoption methods are

robust to bandwidth choice and the tribal assignment rule (see the Online Appendix, Figure 5).
16As a robustness check, we estimate Table 2 without the Navajo Nation and its non-tribal neighbors and the results

do not change greatly. See the online Appendix for more details.
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nearly zero.

4.2 Connection Speeds

We now establish some stylized facts about the tribal di�erential in residential Internet connections.

We simplify the measurement of Internet connections by focusing on the average di�erence in up-

load and download speeds over a relatively long period of time. Figure 5 shows the raw gap inOokla’s

last-mile download and upload speeds between �xed andmobile broadband networks in all overlap-

ping percentages. Panels A and B show the raw gaps between tribal and non-tribal areas in download

and upload speeds from �xed networks, while Panels C andD show the raw gaps between tribal and

non-tribal areas in download and upload speeds from mobile networks. Across all possible tribal

assignments (i.e., over the range of x ≥ 1 to x ≥ 99), the mean download/upload speeds in “tribal”

areas are substantially lower than in neighboring “non-tribal” areas.

We determine the role of observed cost and demand factors on the tribal connectivity gap in Ta-

ble 3. As before, the tribal indicator in Equation (1) equals one if 50% or more of a block group’s

area overlaps with federal Indian reservation land and zero otherwise. The sample is limited to block

groups with centroids within 25 kilometers of the centroid “tribal” census block group. The results

are as follows: Columns 1-3 use log mean download speeds of �xed networks, Columns 4-6 use log

mean upload speeds of �xed networks, Columns 7-9 use log mean download speeds of mobile net-

works, and Columns 10-12 use log mean upload speeds of mobile networks. Columns 1, 4, 7, and 10

all correspond to the midpoint of the respective graph in Figure 5.

Cost factors explain much of the gaps in connection speeds of mobile networks (Columns 8

and 11) than �xed networks (Columns 2 and 5). Across all outcomes, however, median household

income,median age, and poverty rate account for less than 5% of the raw tribal di�erences in connec-

tion speeds. This is interesting, as one might assume that Internet upgrades (and subsequent speed

testing) are correlated with income. However, these results suggest that income factors are not an

important predictor of self-measured connectivity speeds. Thus, while helpful to individuals, pro-

17



grams such as EBB would not necessarily result in equalizing disparities in tribal area connectivity.17

Using alternativemeasures of Internet speeds, Figure 6 shows that the raw gaps between tribes in

middle-mile connection speeds are substantial and vary by the tribal assignment rule because ZCTAs

are not precisely aligned with tribal boundaries. However, regardless of the tribal assignment rule,

there is a large and statistically signi�cant di�erence in download/upload speeds usingM-Lab speeds

between tribal and non-tribal ZIP codes.

Table 4 shows that much of the di�erence in M-Lab speeds is due to observed cost di�erences

between tribal and non-tribal areas. When income di�erences are accounted for, the connection

speed gap is still negative but less accurately measured. Since the M-Lab speed data are measured

with less precise geographic identi�cation than theOokla tests, we cannot claim that barriers unique

to Indian Country a�ect only the “last mile” of connectivity.

4.3 Internet Prices

Finally,wemeasureprice di�erences inbasic Internet serviceplansby comparing the cheapestmonthly

residential Internet rates on and o� tribal lands. Figure 7 indicates 95% con�dence intervals of this

di�erence using the natural log of the cheapest broadband plan available in each ZCTA as the out-

come. As with the previous results, we begin by estimating Equation (1) without controls for all

possible overlapping thresholds and restrict the sample to ZCTAs whose centroid is within 25 kilo-

meters of the nearest centroid of the “tribal” ZCTA.

The con�dence intervals in Figure 7 show a positive, statistically signi�cant di�erence in prices

for basic residential broadband services between tribal and non-tribal areas in all overlapping per-

centages. The estimated range suggests that the cheapest ISP plans are between 11% and 14% higher

on tribal lands than near non-tribal areas.

Next, we estimate the determinants of this gap by adding cost factors associatedwith broadband

deployment. Similar to the previous speci�cations, we designate a ZCTAas tribal if at least 50% of its
17We show that these adjusted gaps between tribal and non-tribal areas in connection speeds are robust to bandwidth

choice and the tribal assignment rule in the Online Appendix, Figure 6.
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area overlaps with reservation land. Table 5 shows these results. The models follow the same schema

as in Table 2. The �rst model shows the raw gap, the secondmodel adjusts the gap for observed cost

factors, and the thirdmodel adds income and demographic factors. In terms of the cheapest Internet

service plan for basic broadband, the estimated price gap between tribal and non-tribal areas in Col-

umn 1 is roughly 11%. Adjusting for geographic and cost factors reduces the estimated gap to 0.3%,

and the gap becomes statistically insigni�cant. Income and demographic factors further reduce the

price gap. Thus, unlike access and connection speeds, the direct e�ects of factors unique to Indian

Country are not signi�cant in the higher prices that tribal households pay for basic broadband ser-

vices. Rather, the higher prices appear to be entirely due to the higher cost of broadband deployment

in tribal areas.

5 Digging Deeper into the Tribal Digital Divide

So far, we have found a statistically signi�cant and economically large lack of Internet connectivity

in tribal areas compared to their neighboring non-tribal areas. We have also shown that observed

cost and demand di�erences do not fully explain this gap. While there is no de�nitive report on

the speci�c barriers to Internet access in tribal areas (see, e.g., Henning and Rodman, 2021), several

government documents provide compelling anecdotal evidence on the factors that increase the cost

of deployment in tribal areas. This section provides an overview of the suspected causes of the tribal

digital divide and, where possible, examines whether these claims can be substantiatedwith available

data.18

TheFederalCommunicationsCommission (2019)’sReport onBroadbandDeployment inTribal

Areas highlights several factors that contribute to the high cost of deployment. First, the rugged ter-

rain, high poverty rates, and low population density in many reservation areas increase the cost of

broadband deployment. As these factors are controlled in our analysis, we have e�ectively shown
18Several potentially important factors are not testable due to a lack of data; therefore, our analysis of the importance

of tribal-speci�c factors is inherently limited.
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that other factors are equally important. In this context, the FCC report also underscores the com-

plicated permitting processes that apply to trust status lands on reservations, as well as jurisdictional

issues involving state and tribal governments. In the case of �ber-optic Internet deployment, these

permitting processes include federal environmental reviews and rights-of-way through trust status

lands. Jurisdictional issues between states and tribes are likely to be more problematic on reserva-

tions with a “checkerboard” pattern that occurs when fee lands (i.e., lands within a reservation in

private ownership) and trust lands on a reservation are close to each other.

A report by Native Nations Communications Task Force (2019) also emphasizes the economic

barriers that increase deployment costs and decrease adoption rates. In contrast to the Federal Com-

munications Commission (2019), this report highlights requirements in federal broadband funding

programs that have hindered tribal participation and deployment in tribal areas. For example, the

FCC’s E-rate program, which provides a�ordable broadband services to schools and libraries, has

not been adopted by many tribal libraries because of the complexity of the application process, low

sta� capacity, and lack of resources. In addition, many tribally owned ISPs have not been direct re-

cipients of grants from the FCC andUSDA’s Rural Utilities Service (RUS), both of which are com-

monly used to provide broadband in rural areas (U.S. Government Accountability O�ce, 2018).

Finally, the Native Nations Communications Task Force (2019) also highlights that tribal areas are

often the last to be served under the FCC’s Universal Service High-Cost program, which allows the

ISP to meet the build-out obligations of the grant before serving a tribal community.

5.1 Tribal Institutional Factors

We examine the in�uence of a number of institutional factors on Internet access and use in Indian

Country. As noted earlier, our analysis is hampered by data gaps. For example, we do not observe

fractionation or checkerboarding in our data, so we will use proxies for these potentially important

factors. Thus, this analysis is exploratory in nature. To this end, our goal is to determine the rela-

tionship between Internet access on a reservation (and type of use) and potentially in�uential tribal
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institutional factors.

We focus on three observable institutional factors: (1) the extent of trust status land on a reser-

vation, (2) whether a tribe is exempt from Public Law 83-280 (PL280), and (3) the presence of a

tribally owned casino. Each variable is measured at the reservation level. If casino pro�ts, which are

unobservable to the public, are used to provide the necessary infrastructure to support broadband

deployment, then the presence of a casino should be positively related to broadband access and nega-

tively related to substitutes for reliable Internet such as exclusive use of cellular data plans and satellite

Internet. If checkerboarding is problematic, then reservations with amixture of fee simple and trust

status land should have less Internet access, all else being constant, compared to reservations com-

pletely comprised of trust land.19 However, if transaction costs related to permitting increase with

the amount of land held in trust, then reservationswithmore land held in trustwill have less Internet

access, all else being constant.

We examine the correlation between PL280 status and Internet connectivity because the readi-

ness of non-tribal ISPs, some of whichmay be smaller “rate-of-return” providers, may be a�ected by

whether a state or tribe has jurisdiction over civil matters. For PL280 tribes, civil matters are adjudi-

cated by state courts rather than tribal courts.20 Anderson andParker (2008) �nds evidence that state

jurisdiction over civil matters on tribal lands stabilizes contract enforcement; however, the causal re-

lationship depends on the exogeneity of PL280 status concerning the economic activity, which is in

dispute.

To calculate the proportion of reservation land held in trust and as a restricted fee property, we

adopt data on six forms of land ownership (individual trust, individual restricted fee, individual fee,

tribal trust, tribal restricted fee, and tribal fee) froma2019Freedomof InformationAct request to the

BIA and published publicly by Native Land Information Systems. These six categories are grouped
19In an ideal setting, we would have spatial data on the types of property rights within reservations. Thus, we are not

directly testing for checkerboarding. If such data become available, future research will be able to directly isolate the role
of checkerboarding.

20PL280 was passed in the early 1950s and transferred federal legal jurisdiction over civil and criminal matters on
reservations to the states of California, Minnesota, Nebraska, Oregon, and Wisconsin, and then to Alaska. PL280 also
allowed states to assume jurisdiction at their discretion with tribal consent. For amore detailed discussion of PL 280, see
Goldberg (1974), Goldberg and Champagne (2005), and Harvey (2020).
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by tribal name and hand-linked to American Indian reservations and o�-reservation trust land. As a

result, we �nd 313 individual Indian reservations (and o�-reservation trust land) with available BIA

land, 238 of which containACS data on Internet outcomes.21 Wede�ne the proportion of landwith

trust status as the total acreage held in these six categories divided by the total acreage held as trust

land and a restricted fee for individuals and tribes. This results in an average of about 91% of all land

held as trust status land in the entire sample.

We identify the current federally recognized tribes (and thus reservations) subject to PL280 juris-

diction (i.e., state jurisdiction) using the National Indian Justice Center’s comprehensive list found

here. This list includes tribes located inmandatory PL280 states, optional PL280 states, tribes signed

up after PL280 was enacted, tribes excluded from PL280, and tribes located in states that relin-

quished jurisdiction. We construct a PL280 indicator equal to one if a reservation is under state

jurisdiction and zero otherwise.22

Table 6 shows the correlations between these factors and reservation Internet access (Column 1)

and reservation Internet usage rates (Columns 2–4). Each model includes the same set of controls

as in Table 2, except that BIA census region �xed e�ects are used instead of state �xed e�ects. With

respect to home-based Internet access, our results show a U-shaped relationship with trust status

land: Reservations with a mix of trust status land and fee land have the lowest proportion of home-

based Internet access. Neither PL280 status nor the presence of a casino is related to Internet access

from home on a reservation.

Table 6, Columns 2–4 show the relationship between institutional factors and type of Internet

use. Column2 shows that thepresence of casinos is positively correlatedwith the share of households

with broadband subscriptions and that there is aU-shaped relationship in holdswith respect to trust
21In Table 6 in the Appendix, we compare how representative these 238 variables are of those excluded from the

analysis. We have enough other indicators for a total of 303 reservations. From the summary statistics presented in the
table, we can see that our sample is comparable to the reservations not included in the sample in terms of the proportion
of land held in tribal trust, presence of casinos, elevation, tree cover, and distance to the nearest urban center. However,
the reservations in our sample tend to be more densely populated and larger in area (which is to be expected since our
sample was selected due to con�dentiality issues in the ACS). They are also somewhat closer to a major road and slightly
less likely to be covered under PL280.

22For further details on the construction of the PL280 indicator, see Section 1.5 of the Online Appendix.
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status land and the share of households that have only a cellular plan subscription. The last column

shows that, for the proportion of Internet-subscribing households that use only satellite Internet,

the relationship with trust status land becomes an inverted U-shaped relationship. The coe�cient

on the casino indicator is negative and signi�cant. Thus, in reservationswith casinos, the proportion

of households using only satellite Internet is lower than in reservations without casinos, holding all

other factors constant. In all speci�cations, there is no relationship between PL280 status and any

of the Internet outcomes.23

These �ndings con�rm that certain institutional factors drive up the cost of broadband deploy-

ment and subsequently a�ect how households adopt the Internet. The FCC recognizes the higher

costs of broadband deployment in tribal areas and provides special credits to telecommunications

providers in Auction 904, theRural Digital Opportunity Fund (RDOF).However, there is no clear

indication that these additional costs are due to checkerboarding. It is also unclear whether tribal

bidding credits are large enough to incentivize broadband deployment.

6 Discussion and Conclusions

We use empirical strategies to determine the extent of the tribal digital divide in its various forms

and then to determine the extent to which standard cost and demand factors are responsible for this

divide. We �rst �nd strong evidence that the gap between tribal and non-tribal areas in Internet ac-

cess, connection speeds, and basic Internet prices is statistically and economically signi�cant. We also

�nd that standard cost di�erences in broadband deployment, such as rugged terrain and low popu-

lation density, are important factors driving the access, connection speed, and price gaps. However,

in some cases, such as home Internet access, about half of the gap remains unexplained.

However, income inequality plays amore nuanced role in the tribal digital divide. Medianhouse-
23We also �nd no relationship between the share of land held in individual trust and each of these Internet out-

comes. To the extent to which reservations with greater shares of individual trust land deal with more issues pertaining
to fractionation, we do not �nd a relationship between connectivity and fractionation. Of course, direct measures of
fractionation and more granular Internet data would better suited to identify this potential mechanism.
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hold income is a signi�cant predictor of the access gap and the decision to access the Internet via

cable, �ber optic, DSL, or a cellular data plan. But income inequality itself is not a strong predictor

of satellite Internet use of connection speed. This implies that subsidizing Internet payments along

the lines of the FCC’s EBB program should increase home Internet use and reduce reliance on the

exclusive use of cell phones for home Internet access. For households using satellite Internet, how-

ever, limited competition may a�ect the extent to which FCC subsidies can improve the quality of

home Internet. Thus, revenue subsidies are not expected to improve several features of the tribal

digital divide.

Of the institutional factors considered, we �nd evidence of a U-shaped relationship between

home Internet access and the share of reservation held as trust status land. Other factors, such as the

limited ability of tribal governments to operate their own ISPs, the lack of ISPs for tribes in previous

federal broadband programs, and potential grant requirements from the FCC and RUS—which

may have left tribal areas without Internet after build-out requirements weremet—are all additional

factors in the tribal digital divide. Unfortunately, we cannot test each of these factors due to data

limitations.

Recent federal programs such as the National Telecommunications and Administration Tribal

Connectivity Program, the RDOF, and the EBB program are creating new sources of federal funds

or subsidies that directly address digital inequities between tribal and non-tribal areas. Across all

measurements of the tribal digital divide, our results suggest that �exibility in federal broadband

grant programs will necessitate closing this gap since the connectivity gaps are large between tribal

and non-tribal areas as well as within Indian Country.

In addition, large amounts of discretionary COVID-19 relief funds from the Coronavirus Aid,

Relief, and Economic Security (CARES) Act and the American Rescue Plan Act (ARPA) provide

an additional source of funds.24 Over time, future research should be able to determine the extent

to which these federal programs have closed the tribal connectivity gap. Additional research is also
24However, tribes with more employees receive a larger share from these formula-based funds. As a result, there

is a positive correlation (r = 0.248) between reservations with Internet access and the combined CARES Act/ARPA
allocations per tribal citizen. Data on combinedCARESAct andARPAallocations can be found at https://hpaied.org/.
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needed to dig deeper into the unexplained portion of the large disparities in connectivity between

tribal and non-tribal areas.
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(a) Overlapping ZCTAs with Reservations (b) Overlapping Census Block Groups with
Reservation

Figure 1: Distribution of Geographical Units by percent on reservation land

Notes: In each histogram, we drop all geographical units with an overlap percent less than 1% as those
overlaps are likely due to slight mapping errors in the original shape�les.
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(a) Minnesota Indian Reservations

(b) “Tribal Areas” in yellow, “Non-Tribal Areas” in blue

Figure 2: Example of Sample Creation

Notes: The �rst panel shows the location of each Minnesota Indian reservation. The second panel
shows the census block groups, which are treated as “tribal areas” since 50% or more of its area con-
tains federally recognized Indian reservation land. The “non-tribal areas” are block groups whose
centroid is within 5 kilometers of the centroid of the nearest “tribal area.”



(a) Internet Access (b) Broadband Subscription

(c) Only Cellular Data Plans (d) Only Satellite Internet Subscriptions

Figure 3: The Gap in Internet Access and Subscriptions between Tribal and Non-Tribal Areas

Notes: Each panel shows the coe�cient and 95% con�dence interval for separate regressions of the
proportionofhouseholdswith Internet access, broadband subscriptions, only cellular dataplans and
only satellite Internet subscriptions, respectively, on an indicator equal to 1 if at least x% of a block
group’s area overlaps with reservation land where x∈ [1,99]. The sample is restricted to all block
groups whose centroid is within 25 kilometers of a “tribal” block group’s centroid. Each observation
isweighted such that theweight decays as the distance to a reservationborder increases. The standard
errors are clustered at the county level.
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Figure 4: Internet Access Gap across States

Notes: For each state with at least 10 “tribal” census block groups, we estimate the Internet access
gap using Table 2, Column 3, and plot the estimated gaps. The more negative the gap, the larger
the de�ciency in home Internet access on tribal land when compared to their non-tribal neighbors.
States without federally recognized reservations or fail to meet our sampling threshold are in gray.
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(a) Mean Download Speed (from �xed broad-
band networks)

(b) Mean Upload Speed (from �xed broadband
networks)

(c) Mean Download Speed (from mobile broad-
band networks)

(d)MeanUpload Speed (frommobile broadband
networks)

Figure 5: Gap in Connection Speeds: Ookla Data, 2020-2021

Notes: Each panel shows the coe�cient and 95% con�dence interval for separate regressions of the
outcome of interest on the percent of census block group that overlaps with federal Indian reserva-
tion land. The outcomes are the following: in Panel A, the log of the mean download speed from
�xed broadband networks; in Panel B, the log of the mean upload speed from �xed broadband net-
works; in Panel C, the log of the mean download speed frommobile broadband networks; in Panel
D, the log of the mean upload speed frommobile broadband networks. Each regression is weighted
by the number of tests. The sample is restricted to all block groups whose centroid is within 25
kilometers of a “tribal” block group’s centroid. The standard errors are clustered at the county level.
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(a) Median Download Speed

(b) Median Upload Speed

Figure 6: Gap in Connection Speeds: M-Lab: 2015-2019

Notes: Each panel shows the coe�cient and 95% con�dence interval for separate regressions of the
outcome of interest on the percent of ZIP code tabulation area (ZCTA) that overlaps with federal
Indian reservation land. Theoutcomes are the following: inPanelA, the log of themediandownload
speed; and, in Panel B, the log of the median upload speed. Each observation is weighted such that
the weight decays as the distance to a reservation border increases. The sample is restricted to all
ZCTAs whose centroid is within 25 kilometers of a “tribal” ZCTA’s centroid. The standard errors
are clustered at the state level.
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Figure 7: Gap in Lowest-Priced Internet Service Plan

Notes: The �gure shows coe�cient and 95% con�dence interval for separate regressions of the out-
comeof interest on thepercent ofZIP code tabulation area (ZCTA) that overlapswith federal Indian
reservation land. The sample is restricted to all ZCTAs whose centroid is within 25 kilometers of a
“tribal” ZCTA’s centroid. Each observation is weighted such that the weight decays as the distance
to a reservation border increases. The standard errors are clustered at the state level.
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Table 1: Summary Statistics, block group and ZIP code variables

Tribal Non-Tribal s.e. (of di�.)

Panel A: Outcomes
Home Internet Share 0.649 0.866 (0.008)***

[0.036]***
Broadband Subscriber Share 0.634 0.827 (0.008)***

[0.024]***
Share with only Cellular Data Plans 0.226 0.125 (0.003)***

[0.007]***
Share with only Satellite Internet 0.052 0.012 (0.006)***

[0.015]***
Mean Download Speed (Mbps, �xed) 52.233 130.049 (1.807)***

[6.232]***
Mean Upload Speed (Mbps, �xed) 17.586 32.763 (0.937)***

[3.291]***
Mean Download Speed (Mbps, mobile) 27.830 57.186 (0.896)***

[4.021]***
Mean Upload Speed (Mbps, mobile) 7.565 12.994 (0.196)***

[0.657]***
Median Download Speed (Mbps, M-Lab) 7.079 10.229 (0.738)***

[1.078]**
Median Upload Speed (Mbps, M-Lab) 3.918 4.454 (0.702)

[0.961]
Mean Price of Basic Home Internet ($) 65.830 59.506 (1.969)***

[2.326]***

Panel B: Controls
Household Income ($) 45071.981 67877.903 ( 795.889)***

[3858.875]***
Poverty Rate 0.257 0.143 (0.006)***

[0.017]***
Land Size (km2). 357.377 16.847 (25.312)***

[38.199]***
Population Density (people/km2) 212.764 2,030.528 (29.547)***

[259.107]***
Median Age (years) 37.571 40.385 (0.385)***

[1.075]***
Distance to Urbanized Area (km) 25.879 17.500 (0.790)***

[3.360]**
Distance to Primary Road (km) 79.049 21.893 (2.869)***

[7.484]***
Tree Cover Share 0.126 0.107 (0.007)***

[0.024]
Mean Slope (6 ) 4.159 1.859 (0.159)***

[0.441]***
Std. Dev. of Slope (6 ) 4.294 1.743 (0.121)***

[0.374]***

Overlap Share (block groups) 0.962 0.031 (0.005)***
[0.011]***

Overlap Share (ZIP codes) 0.926 0.027 (0.014)***
[0.022]***

Observations (block groups) 756 10491
Observations (ZIP codes) 329 1844

Notes: The sample contains all block groups whose centroid is within 25 kilometers of a “tribal” block group’s centroid. A block group is considered a tribal area if 50% or more of its
area contains federally recognized Indian reservation land. The non-tribal block groups comprise the remainder of the sample. The sample logic is used for the ZIP-code level variables
(M-Lab and lowest price). Robust standard errors of the mean di�erences are in parentheses and clustered standard errors at the county level are in brackets. ***, **, *: signi�cant at the
1%, 5%, 10% levels. 40



Table 2: Internet Access and Uptake Regressions using ACS Data

The Dependent Variable is the Share of Households with:
Internet Broadband Only Cellular Data Plan Only Satellite Internet
Access Subscription Subscription Subscription

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Tribal -0.217 -0.164 -0.095 -0.193 -0.109 -0.051 0.101 0.085 0.034 0.040 0.016 0.013
(0.036)*** (0.029)*** (0.020)*** (0.024)*** (0.019)*** (0.014)*** (0.015)*** (0.013)*** (0.009)*** (0.007)*** (0.005)*** (0.005)***

Cost Factors No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Demand Factors No No Yes No No Yes No No Yes No No Yes
State Fixed E�ects No Yes Yes No Yes Yes No Yes Yes No Yes Yes
R2 0.15 0.28 0.59 0.10 0.28 0.45 0.05 0.15 0.36 0.07 0.21 0.23
N 11,247 11,240 11,008 11,245 11,238 11,008 11,245 11,238 11,008 11,245 11,238 11,008

Notes: The tribal indicator takes the value of one if at least 50% of its area overlaps with federal Indian reservation land, zero otherwise. Columns 1 through 3
use the proportion of households with Internet access. Columns 4 through 6 use the proportion of Internet-subscribing households with a broadband service
plan (cable, DSL, or �ber optic). Columns 7 through 9 use the proportion of Internet-subscribing households with only a cellular data plan as the dependent
variable. Columns 10 through 12 use the proportion of Internet-subscribing households with only cell phone subscriptions as the dependent variable. For each
set of columns, the �rst model is the unconditional gap. The controls in the second model of each set of columns contain distance to the nearest urbanized area,
mean terrain, standard deviation of terrain, proportion of tree canopy, population density, distance to the nearest primary road, block group area, and state �xed
e�ects. The third model of each set of columns adds demographic and income controls: median age, poverty rate, and median household income. The sample is
restricted to all block groups whose centroid is within 25 kilometers of a “tribal” block group’s centroid. Each regression is weighted by the distance to the nearest
reservation border. Standard errors are clustered at the county level. ***, **, *: signi�cant at the 1%, 5%, 10% levels.



Table 3: Internet Connectivity using Ookla Data

The Dependent Variable:
log(Download log(Upload log(Download log(Upload
Speed, �xed) Speed, �xed) Speed, mobile) Speed, mobile)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Tribal -0.708 -0.394 -0.357 -0.792 -0.530 -0.434 -0.820 -0.256 -0.293 -0.658 -0.143 -0.183
(0.174)*** (0.104)*** (0.108)*** (0.135)*** (0.108)*** (0.100)*** (0.149)*** (0.092)*** (0.096)*** (0.082)*** (0.048)*** (0.055)***

Cost Factors No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Demand Factors No No Yes No No Yes No No Yes No No Yes
State Fixed E�ects No Yes Yes No Yes Yes No Yes Yes No Yes Yes
R2 0.08 0.39 0.43 0.02 0.27 0.33 0.06 0.26 0.28 0.08 0.28 0.29
N 11,279 11,271 10,996 11,279 11,271 10,996 11,278 11,269 10,998 11,278 11,269 10,998

Notes: The tribal indicator takes the value of one if at least 50% of its area overlaps with federal Indian reservation land, zero otherwise. Columns 1 through 3
use the log of mean download speed from �xed broadband networks across �ve quarters starting in January 2020, and Columns 4 through 6 use the log of mean
upload speed from �xed broadband networks across those same �ve quarters. For each outcome, the �rst model is the unconditional gap. The second model
contains the following controls: distance to the nearest urbanized areas, distance to the nearest primary road, mean elevation, standard deviation of elevation,
percent of tree cover, population density, block group area and state �xed e�ects. The last column adds income and demographic controls, median household
income, poverty rate, andmedian age. The sample is restricted to all block groups whose centroid is within 25 kilometers of a “tribal” block group’s centroid. We
weight each observation by the number of tests. Standard errors are clustered at the county level. ***, **, *: signi�cant at the 1%, 5%, 10% levels.



Table 4: Internet Connectivity using M-Lab Data

The Dependent Variable is:

log( Median log(Median
Download Speed) Upload Speed)

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

Tribal -0.649 -0.215 -0.111 -0.532 -0.139 -0.025
(0.104)*** (0.055)*** (0.062)* (0.118)*** (0.072)* (0.068)

Cost Factors No Yes Yes No Yes Yes
Demand Factors No No Yes No No Yes
State Fixed E�ects No Yes Yes No Yes Yes
R2 0.09 0.32 0.34 0.05 0.30 0.32
N 1,163 1,153 1,104 1,164 1,154 1,105

Notes: The tribal indicator takes the value of one if at least 50% of a ZCTA’s area contains federal Indian
reservation land. For each set of columns, the �rst model is the unconditional gap. The controls in the
second model of each set of columns contain distance to the nearest urbanized area, distance to nearest
primary road,mean terrain, standard deviation of terrain, proportion of tree canopy, population density,
ZCTA area, and state �xed e�ects. The third model of each set of columns adds income/demographic
controls: median age, poverty rate, and median household income. The sample is restricted to all ZC-
TAs whose centroid is within 25 kilometers of a “tribal” ZCTA’s centroid. We weight each observation
such that the weight given to a speci�c unit decays with distance from the border of a federal Indian
reservation. Robust standard errors are in state level. ***, **, *: signi�cant at the 1%, 5%, 10% levels.
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Table 5: OLS Regressions with BBNData

The Dependent Variable is:
log (Minimum Priced Internet Plan)

(1) (2) (3)

Tribal 0.113 0.003 0.004
(0.039)*** (0.032) (0.028)

Cost Factors No Yes Yes
Demand Factors No No Yes
State Fixed E�ects No Yes Yes
R2 0.02 0.34 0.37
N 712 709 690
Clusters 152’ 152’ 151’

Notes: The tribal indicator takes the value of one if at least 50%of its area overlapswith federal Indian reservation
land, zero otherwise. Columns 1 through 3use the log of theminimumprice for basic broadband as the outcome.
The �rst model is the unconditional gap. The second model contain the following controls: distance to the
nearest urbanized area, distance to the nearest primary road, mean elevation, standard deviation of elevation,
percent of tree cover, population density, ZIP area, and state �xed e�ects. The last column adds demographic
and income controls: median household income, poverty rate, and median age. The sample is restricted to all
ZCTAs whose centroid is within 25 kilometers of a “tribal” ZCTA’s centroid. We weight each observation such
that the weight given to a speci�c unit decays with distance from the border of a federal Indian reservation.
Standard errors are clustered at the state level. ***, **, *: signi�cant at the 1%, 5%, 10% levels.
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Table 6: Institutional Determinants of Internet Gaps

The Dependent Variable is the Share of Households with:

Only Cellular Only Satellite
Internet Broadband Plan Internet
Access Subscription Subscription Subscription

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

Trust Status Share -0.274 -0.359 -0.332 0.497
(0.103)** (0.173)** (0.115)*** (0.122)***

Trust Status Share2 0.198 0.387 0.299 -0.509
(0.094)** (0.120)*** (0.101)*** (0.106)***

PL280 0.027 -0.014 0.014 0.001
(0.017) (0.030) (0.018) (0.007)

Casino 0.034 0.112 -0.037 -0.044
(0.029) (0.025)*** (0.033) (0.012)***

Cost Controls Yes Yes Yes Yes
Demand Controls Yes Yes Yes Yes
Census Region Fixed E�ects Yes Yes Yes Yes
R2 0.50 0.27 0.29 0.23
N 238 238 238 238

Notes: The unit of observation in these regressions is set at the American Indian reservation level. Trust status
share is the share of reservation land held as either trust land or restricted fee land. PL280 is equal to one if all parts
of the reservation fall under PL280 jurisdiction, zero otherwise. Reservations that overlap with PL280 states and
non-PL280 states are dropped from the sample. The Casino indicator is equal to one if a reservation contains a
tribally owned casino of any type (Class II or III), zero otherwise. Column 1 uses the proportion of households
with Internet access, Column 2 uses the proportion of Internet-subscribing households with a broadband service
plan (cable, DSL, or �ber optic), Column 3 uses the proportion of Internet-subscribing households with only a
cellular data plan, and Column 4 uses the proportion of Internet-subscribing households with only cell phone
subscriptions as the dependent variable. Each model contains the following controls: distance to the nearest ur-
banized area, mean terrain, standard deviation of terrain, proportion of tree canopy, population density, distance
to the nearest primary road, reservation land area, median household income, median age, poverty rate, and BIA
census regions �xed e�ects. Standard errors are clustered at the state level and shown in parentheses. ***, **, *:
signi�cant at the 1%, 5%, 10% levels.
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