Methodology

I. Data Collection and Sampling
1. DATA SOURCES
1.1 National Center for Education Statistics (NCES)
NCES is a part of the U.S. Department of Education (ED) and is responsible for
collecting, analyzing, and publishing education data in the United States.
For the purposes of this report, NCES’s 2016-17 education agency directory
provided a comprehensive list of public school districts as well as the following:
a unique district identifier (NCES ID); district locale; number of schools; district
type;teacher counts; and location (state, latitude, longitude).
NCES’s 2016-17 schools directory provided a comprehensive list of public
schools as well as the following: a unique district identifier (NCES ID); school
locale; school address; school type; number and percentage of students eligible
for federal free and reduced lunch programs; associated district; and location
(latitude, longitude, address).

1.2 Universal Service Administrative Company (USAC) database
The Universal Service Administrative Company is an independent, not-for-profit
corporation created by the Federal Communications Commission in 1997 to
administer four universal service programs that help provide communities
across the country with access to affordable telecommunications services.
The Schools and Libraries Program (“E-rate”) administers reimbursements
and discounts for telecommunications services (including Internet services) to
schools and libraries across the country.
When submitting funding requests for reimbursement, applicants begin by
filing a Form 470, which details the services they are attempting to procure.
Once the Form 470 has been filed, service providers have a 28-day window
to submit bids in response to the requested services. Following this 28-day
period, school districts choose their service provider and commit to terms.
Once committed, school districts submit a Form 471, which identifies the
service provider they have selected, the specific services for which they are
requesting reimbursement, and the actual cost of the services. USAC reviews
the application to ensure that the requests are eligible for reimbursement. Data
from this process is warehoused and made available for public use.

EDUCATIONSUPERHIGHWAY

For this report, the following E-rate application data was sourced from the Form
471 filed with USAC: applicant name; service provider name; service connection
type; bandwidth; purpose; service type; function; number of circuits; contract end
date; cost per month of contract; total (annual) cost of services; E-rate discount
rate; unique USAC identifier of applicant and recipients (Billed Entity Number
or “BEN”); student counts of recipients; contact information; Category 2 funds
allocated; and Category 2 funds remaining.
For Category 2 E-rate budgets, we sourced the data from the USAC Category 2
Budget Tool.

1.3 Integration of USAC and NCES Data
Integrating the USAC applicant data and NCES district directory data are critical
for producing the insights in this report. The NCES dataset, which provides
important demographic context, and the USAC dataset jointly paint a complete
understanding of connectivity in school districts. We integrated the datasets
as follows:
1. We compared NCES unique identifiers submitted by applicants to
the NCES district and school directory.
2. For all incomplete matches, we used postal code, school and/
or district name, and number of students (+/- 20%) to connect
applicant data to the NCES district and school directory.
3. We compared all remaining unmatched school districts to the
NCES district and school directory using only postal code and
school and/or district name.
4. We manually mapped all the remaining schools to the associated
Billed Entity Numbers.
5. Utilizing the BEN-NCES mapping, we set up a data model that
provided a comprehensive understanding of the relationships
between consortia, school districts, and schools. We then used
the data model to more completely align recipients with the
services for which they applied.
We used NCES data to identify the number of students per district. In cases where
NCES student counts were unavailable, we used USAC student counts.
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1.4 Additional data collected through outreach

1.4.2 Survey data

EducationSuperHighway also incorporated external data on school district
connectivity and demographics accumulated through outreach to individual
school districts, consortium staff, E-rate consultants, and state experts.

EducationSuperHighway coordinated a four question connectivity survey in
partnership with The School Superintendents Association (AASA), National School
Boards Association (NSBA), The Consortium for School Networking (CoSN),
International Society for Technology in Education (ISTE) and Association of
Educational Service Agencies (AESA). School district applicants that filed an E-rate
Form 471 were sent a brief, optional survey to clarify their network connectivity
and measure their use of digital learning in the classroom. This survey was sent to
10,205 school districts and 1,682 school district responses were recorded and
analyzed for this data set.

While we used the bulk of the connectivity information collected to clarify USAC
funding request data, some district outreach efforts also identified additional
broadband services outside of those listed on the district’s E-rate application.
For example, rather than leasing point-to-point transport circuits from a private
provider, some school districts own the dark fiber connections used to connect
their various school sites as part of a district Wide Area Network (WAN). Since
there is no lease or procurement cost associated with these district-owned
circuits, they are typically not captured on district E-rate applications.
After identifying these non-reimbursed services, we manually added them to
the EducationSuperHighway database to ensure we captured a comprehensive
understanding of the school district’s connectivity. Out of the sample of 24,747
total broadband line items, our staff manually created 2,493 line items (10%)
to represent non-E-rate broadband services. Most of the demographic data
collected from outreach efforts aligned with data from NCES. In cases where
the data did not match, we chose outreach data as the source of record.

1.4.1 Demographic data
Updates to demographic data based on outreach, consist of the following:
Type of district i.e. traditional, charter or Bureau of Indian Education (BIE)
Schools to district mapping
District to consortia mapping
School and district closures
New schools and districts
Changes in student count
Merging of districts
Campus merges

EDUCATIONSUPERHIGHWAY

3

II. Data management processes
Given that users with varying technical expertise and procurement needs
file E-rate applications every year, data in its raw form does not always
accurately represent the services that school districts receive. Therefore,
EducationSuperHighway identified these inconsistencies and addressed
them by implementing both manual and automated data-cleaning procedures.
Throughout the cleaning process, our aim was to establish a consistent
interpretation of E-rate applications.

• Switched Multimegabit Data Service

• Frame Relay

• T-1

• ISDN-BRI

• T-3

• Lit Fiber Service

• T-4

• Lit Fiber (with Special Construction)

• T-5 Telephone Dial-up

• Microwave

• Wireless data service

• Multi-Protocol Label Switching (MPLS)

Since there is a large number of connection types to choose from, selecting an
option in error is common.

1. DATA INCONSISTENCIES
1.1 Category 1 broadband
In addressing inconsistent data, EducationSuperHighway focused on the
following E-rate fields:
Function and connection type indicate whether the network infrastructure
connecting schools can scale to meet future connectivity needs. In the
case of fiber these fields also indicate whether the service was a special
construction project. E-rate applicants select a function to indicate the
primary technology connecting their schools and a sub-connection type
from the following list:
• ATM

• OC-1

• Broadband Over Power Lines

• OC-3

• Cable Modem

• OC-12

• DS-1

• OC-24

• DS-3

• OC-48

• DS-4

• OC-192

• Dark Fiber (No Special Construction)

• OC-256

• Dark Fiber IRU (No Special Construction)

• OC-768

• Data plan for portable device

• OC-N (TDM Fiber)

• Digital Subscriber Line (DSL)

• Radio Loop

• Ethernet

• Self-provisioned Fiber (with Special
Construction)

• Fractional T-1

• Satellite Service
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• Fractional T-3

Purpose indicates where a circuit fits into the network architecture.
Identifying the accurate purpose is important because the bandwidth
needs are significantly different for Internet access circuits versus Wide
Area Network circuits. The associated costs can also vary significantly.
Options for this field are bulleted below.
		
• Internet access service that includes a connection from any 		
		 applicant site directly to the Internet Service Provider
		
• Data connection between two or more sites entirely within the 		
		 applicant’s network
		
• Data connection(s) for an applicant’s hub site to an Internet
		 Service Provider or state/regional network where Internet
		 access service is billed separately
		
• Internet access service with no circuit (data circuit to ISP state/		
		 regional network is billed separately)
		
• Backbone circuit for consortium that provides connectivity 		
		 between aggregation points or other non-user facilities
The bandwidth fields for various connection types in the 2018-2019 Form
471s were auto-populated and not editable by the applicant. As a result,
many applicants choose an auto-populated bandwidth that overestimated
or underestimated the actual bandwidth and required clarification.
Allocating services allows the applicant to identify which school districts
or schools receive the applied-for service. This data improved our
understanding of the services school districts received from consortia
applicants that fulfill critical aspects of a school district’s network.
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Quantity, or number of lines, specified the number of circuits an applicant
was applying for in the funding request. This was a source of significant
data quality inconsistencies in the 2019 E-rate data, as many applicants
found the form's correlation between cost and quantity confusing. This
led many applicants to provide a quantity of “1” in order to match the
total monthly recurring cost of the requested service. The number of
recipients, cost, prior years data were all used to identify which line items
required clarification.
Cost was used to correlate against other data elements such as quantity,
bandwidth, and connection type to identify potential data inconsistencies
that needed to be clarified or corrected.
EducationSuperHighway leveraged manual and automated processes to identify
and correct data quality issues.

APPLIED AT THE SCHOOL DISTRICT LEVEL:

District Missing
Internet Access

If we did not detect data that indicated a school district was receiving
one or more Internet access services, we contacted the applicant to
clarify how the school district received
Internet access.

District Receives
Stand-alone Internet
access but Not
Transport Connection

If a school district appeared to be receiving stand-alone Internet access
but we did not detect a transport connection in the data, we flagged the
district data to ensure we captured a holistic network architecture.

District Internet
Access to Connections

If a district received more Internet access connections than the number
of total campuses, we flagged the district to ensure we clarified either
the quantity or the purpose of the service.

2. MANUAL CORRECTION OF DATA QUALITY ISSUES
Based on our experience with network technologies and knowledge of the
standard network architectures of school districts, we identified scenarios that
were improbable and flagged them for manual review. In total, we developed
36 rule-based identifiers to flag potential data inconsistencies across the
2019 dataset.
Table 1: Examples of the most common logic-based rules used to direct
manual data verification efforts
RULE

DESCRIPTION

APPLIED AT THE LINE ITEM LEVEL:

Not Internet Access

Except in cases of isolated connection types, if an applicant submitted a line
item having the purpose of "Internet access service that includes a connection
from any applicant site directly to the Internet Service Provider" and had
more than three circuits, we deemed the line item as likely not being used for
Internet access to the school district. In addition, some applications included
connections intended for telephone and/or security systems which we exclude
from consideration.

Product Bandwidth

Excluding fiber, all eligible connection types have a limited range at which they
can transmit data. Inaccurate data was flagged when an applicant provided a
type of connection with a bandwidth outside of its physical circuit capacity.

Unknown
Connection Type

With a choice of many different types of connections, in some cases applicants
chose unusual connection types for broadband services, so we clarified these
to make sure these selections were not indicated an error. The connection
types we flagged included Broadband Over Power Lines, Data plan for
portable device, DS-1, DS-3, DS-4, Fractional T-1, Frame Relay, ISDN-BRI,
OC-256, OC-768, Other, Radio Loop, Satellite Service, T-4, T-5 Telephone
Dial-up, Unknown, and Wireless data service.
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The manual review of data quality challenges included a review of the service
description and narrative fields, the 2019 connectivity questions, the 2015 - 2018
E-rate broadband services, 2019 Form 470’s and RFP’s, and direct outreach.
Often information triangulated across these different sources helped us conclude
what services school districts actually received. When the information provided
was insufficient, our Data Quality team conducted direct outreach to applicants
and other involved parties such as E-rate consultants, service providers, and state
network administrators.
3. AUTOMATED CORRECTION
To further improve data quality, EducationSuperHighway continued developing
a machine learning algorithm for application on 2019 line items. Random forest
and gradient boosting techniques were employed to establish a set of models
that predicted the connect category and purpose in 2019. The models were
trained based on changes made to the 2018 line items. From the trained models,
EducationSuperHighway applied a series of experiments to identify which
model maintained a high prediction accuracy without compromising quantity of
predictions for 2019 data. Out of the 22,251 EducationSuperHighway clean line
item sample, 23% (or 5,223) were updated by the machine learning algorithm.
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III. Dataset for Analysis

Table 3: Total annual costs

To ensure the validity of the dataset underlying our analyses, we only included a
school district in our sample if it met both of the following conditions:

2019 E-RATE COST
FOR SERVICES*

2019 E-RATE FUNDING
FOR SERVICES

CATEGORY 1 BROADBAND**

$1.6 B

$1.2 B

BROADBAND

$1.4 B

$1.1 B

$185 M

$155 M

$1.1 B

$816 M

All of its line items had been cleared of all applied data quality indicators.
It was cleared of district-level data quality indicators.
Only line items allocated to traditional public school districts were included in
the analysis EducationSuperHighway did not include charter school districts,
private schools, libraries, non-instructional facilities, non-traditional schools
such as vocational schools or juvenile halls, and schools administered by the
Bureau of Indian Education. The procurement patterns and market dynamics
that impact broadband purchases for these entities differ significantly from
those that affect traditional public school districts.
Our final dataset includes verified records for 12,664 traditional public school
districts (representing a total of 83,629 schools) that received broadband
services through the E-rate program during the 2018-19 FY. They represent
approximately 98% of districts, 99% of schools, and 99% of students in all
traditional public school districts, spread across the 50 states and the District
of Columbia.
Table 2: Final dataset for analyses
2018
POPULATION

DISTRICTS

SCHOOLS

CAMPUSES

STUDENTS

12,925

84,631

73,205

46,983,653

2018
SAMPLE

12,336

82,559

71,462

46,076,806

2019
POPULATION

12,910

84,434

72,924

47,058,583

2019
SAMPLE

12,664

83,629

72,239

46,737,655

2018, 2019
SAMPLE
OVERLAP

SPECIAL CONSTRUCTION
CATEGORY 2

* Cost for services includes K-12, not libraries, charters, privates, non-instructional facilities, etc.
**The E-rate Category 1 funding cap is $4.15 billion

EducationSuperHighway defines a “school district” using criteria established by
the NCES. For the purposes of this report Type 1 (regular local school district)
and Type 2 (local school district that is a component of a supervisory union)
entities have been selected for inclusion.
In order for district records to be considered fit for analysis, we required data
for the following fields: number of schools, number of students*, and locale.
School districts missing any or all of these values, or with an indicator that the
school district was closed in the past year, were excluded from analysis.
Table 4: District size and locale classification
DISTRICT SIZE
CLASSIFICATIONS

LOCALE
CLASSIFICATIONS

DESCRIPTION

DESCRIPTION

LOCALE CODE FROM NCES

Urban

11 - City-Large, 12 - City-Midsize,
13 - City-Small

Suburban

21 - Suburb-Large,
22 - Suburb-Midsize, 23 - Suburb-Small

Small Town

31 - Town-Fringe, 32 - Town-Distant,
33 - Town-Remote

Rural

41 - Rural-Fringe, 42 - Rural-Distant,
43 - Rural-Remote

12,234

82,054

70,949

46,027,831

# OF SCHOOLS

Tiny

1

Small

2-5

Medium

6-15

Large

16-50

Mega

51+

Overall, these school districts were allocated 24,747 line items with an annual cost of
$1.4 billion for broadband services and $185 million for special construction services.
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IV. Assumptions
1. AGGREGATION OF SERVICES AT THE SCHOOL DISTRICT LEVEL
Since the cost and bandwidth information available via E-rate is at the line item
level, and a significant portion of our analysis involves understanding district
connectivity, many analyses in this report aggregated services up to the school
district level. Because school districts procure bandwidth in a variety of ways,
our bandwidth and cost calculations take the following scenarios into account:
1.1 Bandwidth
Bundled Internet Services: Situations where both Internet access and
the transport circuit back to the Internet Service Provider were procured
together and listed for reimbursement as a single line item. Bandwidth
was calculated as the sum of the bandwidth represented by all “verified”
Internet line items.
Unbundled Internet Services: Situations where Internet access and
transport were purchased separately. EducationSuperHighway calculated
total bandwidth as the lesser of two values: either a) the sum of bandwidth
of each transport circuit to the ISP or b) the total Internet access
bandwidth purchased from the ISP. This logic recognized that constraints
on district network capacity might be the result of either an insufficient
amount of Internet bandwidth or a lack of scalable transport. As a result,
either of these network components might serve as the limiting factor in
bandwidth calculations.
Regional- or state-provided Internet: Situations where a district’s
Internet access is obtained through access to a regional or state network.
The total bandwidth was determined by the capacity of the district’s
dedicated transport circuit as filed on the Form 471.
1.2 Cost
Regional- or state-provided Internet: The costs of these services were
		 included as an estimate of the district’s share of shared services, 		
		 determined using the proportionate number of students in the district 		
		 versus those who share those services.

EDUCATIONSUPERHIGHWAY

2. EXTRAPOLATION
Our analyses are performed against districts that have undergone the data
correction process mentioned in the Data Management section. We
extrapolate statistics and metrics for states and the nation based on our
understanding of their respective districts. We extrapolate by taking the
percentage of districts affected by a statistic or metric and multiplying it by
the state or national population.
3. FIBER SCHOOLS
3.1 Assumptions about fiber access for schools
We assume nearly all schools not connected via fiber connections are in need of
infrastructure upgrades. We do make exceptions for campuses that can procure
1 Mbps per student, with up to 1,000 students on fixed wireless or up to 100
students on Cable.
3.2 Considerations when estimating fiber to schools
Typically there is a one-to-one relationship between the number of circuits
allocated to a school district and the number of school locations, or campuses,
within that school district. There are several reasons why schools may not have
a connection allocated to them:
Co-located schools: Schools can sometimes be co-located within
the same building or in close proximity, which may require only one
fiber connection to connect all the schools within that same area to
the Internet. EducationSuperHighway refers to these multiple school
locations as “campuses.” An elementary and middle school may share the
same physical address and thus may share a single Internet connection,
for example. Therefore, EducationSuperHighway estimates the number of
campuses in a district by grouping schools with unique school addresses,
or by grouping schools in close proximity to one another. Additionally,
through data clarification and outreach, our data quality team may
have manually grouped schools that were otherwise not caught by the
algorithm.
Recipients of services through E-rate: Due to difficulties with the Form
471 application, E-rate applicants may have only specified the district
as the recipient of services, instead of specifying which schools are the
recipients. Additionally, the application does not collect information about
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which specific circuit within a line item goes to which recipient,
making it difficult to determine which schools share circuits (see
Co-located schools).
Owned infrastructure: School districts may have owned dark fiber
connections or point-to-point wireless connections that are not reported
through E-rate.
No E-rate reimbursement: Smaller school districts with only one or two
inexpensive connections may decide not to file for E-rate reimbursement,
as the return may not be worth the investment in time.
Free service: In rare instances, a school or school district may receive free
service from a local provider or through the city.
3.3 Assumptions for missing connections
We assume that 8% of campuses in school districts with missing connections
use a non-fiber connection (see Considerations when estimating fiber schools).

4.1 Average Cost per Mbps
The average Internet access monthly cost per Mbps for a state (or the nation) is
a weighted average determined by taking the total Internet access monthly cost
for all districts in the state (or nation) divided by the total bandwidth received by
all the districts.
4.2 Median Cost per Mbps
The median Internet access monthly cost per Mbps for a state (or the nation) is
determined by taking the median value of monthly cost per Mbps amongst all
districts in the state (or nation).
4.3 $3 per Mbps benchmark
In 2014, we estimated that in order for schools to meet the 1 Mbps per Student
standard the average cost per Mbps would need to be $3. (see Connecting
America’s Students)

In 2016, we administered extensive surveys and research to determine how
schools were commonly connected in school districts that did not file for E-rate
reimbursement for all of their specified campuses. We determined that 8% of
these school districts have schools without fiber connections.
3.4 Estimating the fiber need in schools
Due to a large number of inconsistencies and inaccuracies by E-rate applicants
we found when identifying entities that receive broadband services, allocating
all services received by a school district to its component schools is challenging
(see Considerations when estimating fiber schools). In instances where there
is not enough information to determine if a campus has fiber, we apply a set of
rule-based prediction models.

4. AFFORDABILITY
Lack of affordable broadband is one of the major roadblocks preventing school
districts from meeting the FCC’s minimum Internet access goals. We believe
that improving affordability is an effective mechanism to connect the remaining
750,000 students who have been left behind.
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5. CONTRACT EXPIRATION
We define contract expiration years for each district by taking the contract end
date of its primary IA service (the service providing the district with the most
bandwidth) and applying the following cutoffs:
Table 6: Contract Expiration Classification
YEAR CATEGORIZED AS

MOST RECENT IA CONTRACT
EXPIRATION END ATE BEFORE

2020

July 1, 2020

2021

July 1, 2021

2022

July 1, 2022

2023

July 1, 2023

2024

July 1, 2024

2025

July 1, 2025

6. UPGRADES:
A district is considered to have undergone an upgrade if it has one of the
following characteristics:
Increased its bandwidth more than 11% since the previous year
If the district’s total bandwidth in the previous year was 0 and the
bandwidth in the current year is greater than 0
A district is considered as having continued to grow their bandwidth, after
meeting the 100 kbps per student goal, if the district met the 100 kbps per
student goal between 2015 and 2018 and upgraded in a subsequent year.
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V. Metric Calculations
1. CONNECTIVITY
The sample for Internet access connectivity calculations included only school
districts that received Internet access services, and had student enrollment
data available from either the NCES (National Center on Educational Statistics)
or USAC (Universal Service Administrative Company). Due to data limitations,
EducationSuperHighway evaluated a district’s progress toward 2014 FCC
Internet access goals by using the number of K-12 students (including charter
students only if they procured Internet access with the school district) in a
school district instead of the number of users (students and staff).
2. BANDWIDTH CALCULATION
Bandwidth per student was calculated as the school district’s total Internet
bandwidth divided by the total number of students in the district.
2.1 Meeting the 100 kbps per student goal:
We compare a district’s total bandwidth to the 2014 FCC target of 100 kbps
per student and classify each district as either “Meeting the 100 kbps goal”
(greater than or equal to 100 kbps per student) or “Not Meeting the 100 kbps
goal” (less than 100 kbps per student).
2.2 Meeting the 1 Mbps per student goal:

3.2 Funding Amount
The funding amount, or cost to E-rate is the portion of the cost of a service
which is funded by E-rate, calculated by multiplying the cost by the discount rate
of the application.
3.3 District Out-of-pocket Cost
The district cost or out-of-pocket costs is the remaining portion of the cost of
a service, calculated as the difference between the cost and the funding. When
estimating district costs, the discount rate used to calculate the funding amount
is estimated using USAC’s discount rate matrix and the district’s demographics.
Table 7: USAC discount rate matrix*
*Discounts do not reflect funds covered by state matches. (See 4.5 Funding Sources)
INCOME

Measured by % of
students eligible for
the National School
Lunch Program
(NSLP)

URBAN
DISCOUNT

RURAL
DISCOUNT

URBAN
DISCOUNT

RURAL
DISCOUNT

LESS THAN 1%

20%

25%

20%

25%

1% TO 19%

40%

50%

40%

50%

20% TO 34%

60%

60%

60%

60%

35% TO 49%

70%

70%

70%

70%

50% TO 74%

80%

80%

80%

80%

75% TO 100%

90%

90%

85%

85%

CATEGORY 1

CATEGORY 2

We compare a district’s total bandwidth, adjusted for concurrency, to the 2018
FCC target of 1 Mbps per student and classify each district as either “Meeting
the 1 Mbps standard” (greater than or equal to 1 Mbps per student) or “Not
Meeting the 1 Mbps standard” (less than 1 Mbps per student).

3.4 Cost per student

3. COST VS. FUNDING

The cost per student is calculated by dividing the district’s cost of services by
the number of students enrolled in the district.

3.1 Annual Cost
The annual cost of a service is calculated as the monthly recurring cost
multiplied by the months of service of the contract, unless the monthly recurring
cost was $0, in which case we used the one-time cost.
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4. FIBER CALCULATIONS
4.1 Calculating the number of unscalable campuses
1. We consider a district to have zero unscalable campuses when the
following occurs:
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a. Every campus in the district is served by a fiber connection

		

b. The district has dark fiber (see glossary)

			

i. There are more than six schools within the district

			
ii. The district does not request E-rate funding for
		
		 WAN services
2. We count the number of fiber and non-fiber connections to a
district and assume each campus only receives one connection and
will receive fiber lines before the non-fiber lines. If there are more
campuses than connections, we assume the district has owned
fiber WAN connections for 92% of the remaining campuses (see
Assumptions for missing connections) therefore the number of
unscalable campuses is 8% of the remaining campuses, except when:
a. According to E-rate there are zero unscalable campuses, yet 		
		 from outreach we understand that there are in fact unscalable 		
		 campuses. In this case, we assume the number of unscalable lines is
		 equivalent to the number of unscalable campuses.
b. The district is in need of fiber or has no E-rate data, and there 		
		 is not sufficient E-rate information to properly analyze the 		
		 district’s network architecture, and has two campuses or fewer. In
		 this case, we assume one unscalable campus.

unscalable in specific districts, we assume the remaining unscalable campuses
are those farthest away from the district office. To determine the farthest
campuses for WAN builds, we use district and school latitude and longitude
provided by NCES. To calculate the distance of Internet access builds, we
calculate the distance between the district office and the closest service
provider point of presence. Once the unscalable campuses are identified, we use
industry benchmarks from CostQuest and our in-house expertise to develop the
total cost to build fiber.
4.2.1 Campuses with a fraction of an unscalable campus
When a district is calculated to have a fraction of an unscalable campus, we
apply the fraction on the total cost to cover builds. For example, if a district has
.12 unscalable campuses, we consider its total cost to be 12% of the actual
build cost.
5. SERVICE PROVIDERS
A service provider is considered within a district’s area if it has one of the
following characteristics:
Currently provides or has previously provided the district a service over a
		 data connection (bundled Internet access, Wide Area Network, 		
		 connection to Internet Service Provider).

c. The district is in need of fiber or has no E-rate data, and there 		
		 is not sufficient E-rate information to properly analyze the 		
		 district’s network architecture, but has more than two campuses.
		 In this case, we assume 34% of the district’s campuses 			
		 are unscalable.

Teletracker by GeoTel reports they have a fiber line within a 1 mile radius of
		 at least one school in the district.

d. If a district was not in any of the previous categories, it was not 		
		 included in our sample of districts to analyze. Due to variations 		
		 in network topology across school districts in the sample, both 		
		 Internet and WAN connections are included in the calculation 		
		 of the number of fiber lines serving each district.

For each district not meeting the connectivity benchmarks we identified deals
offered by service providers in their area. These deals highlight circuits at
specific bandwidths and prices that the service providers currently provide
to other districts in the state. The circuits highlighted must be able to provide
the district not meeting connectivity benchmarks additional bandwidth while
staying within their current Internet budget. Deals fall into three categories:

6. SERVICE PROVIDER DEALS

4.2 Identifying campuses for cost calculations

1. Service provider deal with enough bandwidth for district to meet
		 100 kbps/student goal

To determine which campuses need fiber builds, we first identify all specific
campuses we know need fiber through data cleaning, line item analysis and
outreach. Then, because we don’t always know exactly which campuses are

2. Service provider deal with enough bandwidth for district to meet
		 1 Mbps/student standard
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3. Service provider deal which upgrades district’s bandwidth, 		
		 positioning them to meet 1 Mbps/student standard sooner
12

6.1 Service provider deal to meet 100 kbps/student
A service provider deal to meet 100 kbps/student will provide the district that is
not currently meeting the 100 kbps/student goal with enough bandwidth to do
so without increasing their current Internet spend.
6.2 Service provider deal to meet 1 Mbps/student
A service provider deal to meet 1 Mbps/student will provide the district that is
not currently meeting the 1 Mbps/student standard with enough bandwidth to
do so without increasing their current Internet spend.
6.2.1 Service provider deal to meet 1 Mbps/student in prior year
For districts who progressed from not meeting the 1 Mbps/student standard
in the prior year to meeting the standard in the current year, we infer that they
got a service provider deal if they had at least one service provider deal to meet
1 Mbps/student in the prior year and are currently paying the same or less
monthly cost for Internet access that they were in the prior year.
build cost.
6.2.2 Service provider deal to meet 1 Mbps/student without switching
providers
There is a subset of a districts that do not need to switch providers to take
advantage of a service provider deal in order to meet 1 Mbps/student because
the provider offering the pricing in the deal is one they currently receive
services from.
6.3 Service provider deal to increase bandwidth
A service provider deal to increase bandwidth will not provide the district that
is not currently meeting the 1 Mbps/student standard enough bandwidth to do
so, but it still substantially increases their bandwidth without increasing their
current Internet spend.
7. CONCURRENCY OVERVIEW
When there are many potential users on a network, it becomes highly unlikely
that every student and teacher will be on the network at the same time or
“concurrently.” Larger school districts can therefore purchase bandwidth based
on the anticipated number of concurrent users on the network, rather than the
total number of users within the district.

Table 8: SETDA Concurrency Factors
DISTRICT SIZE

CONCURRENCY FACTOR

Tiny, Small

1

Medium

0.85

Large

0.7

Mega

0.4*

*Mega concurrency is 0.4, if the District has 100 or more schools and a minimum of 90% of its
schools with a capacity of 1 Mbps per student the concurrency factor drops to 0.17.

8. CATEGORY 2 E-RATE FUNDS
We quantified the magnitude of Wi-Fi purchasing and the opportunity for
additional Wi-Fi upgrades by evaluating the Category 2 funding requests. Since
Category 2 (C2) services fell outside the scope of EducationSuperHighway’s
data verification efforts, these Wi-Fi metrics utilize data received by any school
district in our universe as previously defined.
8.1 Category 2 budgets
For Funding Years 2015 - 2019, the FCC provided every school with a Category
2 budget (adjusted yearly for inflation) of $150 per student or a minimum
budget floor of $9,200 per school. Currently, the adjusted budgets are $159.67
per student, or a budget floor of $9,793.04.
EducationSuperHighway pulls Category 2 budgets directly from the USAC
Category 2 Budget Tool. When a budget is not readily available on the USAC
site, we utilize a per student calculation using the aforementioned Category 2
budgets. To calculate the E-rate contribution, we apply the school district E-rate
discount rates when available; otherwise, we apply the average state E-rate
discount rate (Schools must pay for the non-discount portion of their Category 2
budget). We aggregate the school budgets within a state to determine the year’s
annual Category 2 budget. When applicable, adjustments related to hurricane
relief are reflected and applied to reported figures.
8.2 Category 2 funding utilized
We calculated the total Category 2 funding utilized by summing the funds
received by districts (assuming ‘pending’ requests will be approved) for Funding
Years 2015 - 2019.

When evaluating district progress towards the 1 Mbps per student standardl
laid out by the FCC, we applied the following concurrency factors:
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9. ESTIMATING ADDITIONAL COSTS TO REACH 1 MBPS/STUDENT 		
STANDARD
9.1 Cost of meeting the 1 Mbps per student standard in DistrictProcured States
To determine the Internet cost of each district achieving 1 Mbps per student, we
determine if the district is spending enough to get the bundled Internet circuit
size that a district will need based on number of students -- either 1 Gbps, 10
Gbps or more than 10 Gbps circuits for the largest districts. We determine the
cost using projections of 1 Gbps to be $1,000 and 10 Gbps to be $2,500.
9.2 Cost of meeting the 1 Mbps per student standard in State
Network States
To determine the Internet cost of each district achieving 1 Mbps per student in a
state network state, we project two costs.
1. We determine the cost of stand-alone Internet by determining the
		 bandwidth that will be needed based on the number of students in
		 the state adjusted for concurrency. We determine the cost by 		
		 multiplying that bandwidth by $.30/mbps, which is the projected cost
		 of ISP in 2023.
2. We determine the cost of transport by determining what size circuit
		 each district will need based on the number of students in the 		
		 district -- either 1 Gbps, 10 Gbps, or multiple 10 Gbps circuits 		
		 for the largest districts. We determine the cost using projections of
		 1 Gbps circuits to be $1,100 and 10 Gbps circuits to be $2,200.
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V. Glossary
Access to Digital Learning in the Classroom - We consider a district to have
access to digital learning if they are meeting the 100 kbps per student goal.
Applicant – The entity applying for universal service support. The term can
refer to a school, library, district, consortium, or other eligible entity that files
program forms.
Bandwidth – A measure of the amount of data that can be transmitted per
second. Upload bandwidth, or upload speed, refers to the amount of information
that can be transmitted away from a site. Download bandwidth, or download
speed, refers to the amount of information that can be transmitted to a site.
Billed Entity Number (BEN) – A unique number assigned by USAC to each
billed entity that pays for or receives services.
Campus – A physical site containing at least one or more schools. Since schools
that are co-located may be able to share a single Internet or WAN connection,
we evaluate district connectivity at campus rather than school level. We
calculate the number of campuses in each district using an algorithm based on
street address and physical proximity between schools.
Note: This is different from the FCC’s definition of a campus, which does not include
multiple co-located schools as one campus, but rather separates out multiple
campuses for one school. The FCC definition is as follows: “the geographically
contiguous grounds where the instructional buildings of a single eligible school are
located… Different schools, as opposed to different instructional buildings of the same
school, located on the same grounds do not comprise a single campus”.1
Category 1 services (C1) – Services used to connect broadband or Internet
to eligible locations, or services that provide the basic conduit access to the
Internet. Telecommunications services, Internet access, and voice services are
Category 1 services.

Connection type – The material over which electronic data is transmitted.
Consortium – A consortium (plural “consortia”) is a group of entities that apply
together for funding.
Dark fiber – Fiber circuits that are purchased or leased without optical
equipment; to “light” the fiber connection, the user must procure and install
these optics themselves. Since the user thus controls the necessary optical
devices, the bandwidth transported over dark fiber can be dramatically scaled
via relatively inexpensive upgrades to this equipment after the initial build.
Digital Learning in Every Classroom, Every Day - We consider a district to
have digital learning in every classroom, every day if they are meeting the 1
Mbps per student standard.
District – An entity that can apply for and receive services under E-rate. The
district has schools under its jurisdiction that receive the services it applies for.
In the Schools and Libraries Program, Internet connectivity will be measured at
this level. Discounts will also be calculated at this level.
E-rate modernization order – The FCC Report and Order that modernized the
E-rate Program and focused on high-speed broadband connectivity to schools
and libraries (FCC 14-99).
E-rate Program – The common term used in place of the Schools and Libraries
Program. The E-rate Program provides discounts to schools and libraries for
eligible products and services.
Fiber – Fiber-optic technology converts electrical signals carrying data to light
and sends the light through transparent glass fibers about the diameter of a
human hair. Fiber transmits data at speeds far exceeding current DSL or cable
modem speeds, typically by tens or even hundreds of Mbps.
Form 470 - An FCC form filed by districts or other applicants to solicit bids
on products or services, such as a special construction project for fiber, and to
establish E-rate Program eligibility.

Category 2 services (C2) – Items classified by the FCC as Category 2 services
include: “internal connections, basic maintenance, and managed Internal
broadband services (more commonly described as managed Wi-Fi).”

Form 471 - An FCC form filed by districts or other applicants to request funding
for products or services through the E-rate Program.

Concurrency – A networking concept that estimates overall bandwidth
demand based on the number of simultaneous users. Logically, the probability
that every potential user will access the network at the same time decreases as
the total size of the user population rises. As a result, the additional bandwidth
required to serve additional users is lower for larger networks.

Internet access (IA) – Internet access services are those that provide eligible
basic conduit access to the Internet. Ineligible access includes content,
equipment purchases, or other services beyond basic conduit access. However,
selected services that are an integral component part of an Internet access
service (and other services designated as eligible by the FCC) may be eligible for
discounts on interconnected VoIP, email service, and Web hosting.

1

http://transition.fcc.gov/Daily_Releases/Daily_Business/2016/db0912/DA-16-1023A1.pdf
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Internet service provider (ISP) – A company that provides Internet access
service (also referred to as a service provider).
kbps/Mbps/Gbps – The abbreviations for kilobits, megabits, and gigabits
per second, respectively. These define the speed of an Internet connection.
Higher numbers indicate that the connection is capable of transferring more
information in a given period of time.
Line items – Services for which an organization has requested an E-rate
reimbursement, including details on the service, the cost, and the service
provider, if applicable.

Universal Service Administrative Company (USAC) – Independent, notfor-profit corporation created by the FCC to administer the universal service
programs, including the E-rate Program.
Wide Area Network (WAN) – A voice, data, and/or video network that
provides connections from within an eligible school or library to other locations
beyond the school or library. By definition, the service provided does not access
the Internet.

Price transparency - Public availability of data about products and services
purchased by schools and libraries collected through the E-rate Program, made
available through the E-rate modernization order.
Recipient – The entity receiving universal service support. In the Schools and
Libraries Program the recipient is a school, library, or district.
Request for Proposal (RFP) - Request written by districts or other applicants
for products or services, such as a special construction project for fiber, to solicit
proposals from service providers.
Service provider – A company that participates in one of four universal
service programs and provides telecommunications or Internet services,
equipment, hardware, or software. Types of companies include but are not
limited to: competitive access/competitive local exchange carriers (cellular,
personal communications, or specialized mobile radio providers), incumbent
local exchange carriers, interexchange carriers, Internet service providers,
interconnected VoIP, or local resellers (coaxial cable, nontraditional, operator,
paging, messaging, or payphone).
Special Construction – The deployment of new fiber or upgraded facilities to
E-rate eligible entities (i.e. districts, schools, etc). Special construction consists
of three components: (1) construction of network facilities; (2) design and
engineering; and (3) project management. Special construction charges are the
upfront, non-recurring costs of deploying these new fiber or upgraded facilities
to eligible entities and are generally in connection with leased lit fiber, leased
dark fiber, and self-provisioned networks.
Transport – Transport is Internet infrastructure that is not a direct ISP
connection, but which serves as the link from a building receiving Internet
service to the ISP connection.
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