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I. Abstract

Income and race based educational success gaps are well explored topics that perpetually

expand as new social issues and technologies arise. This paper explores broadband access

as another factor widening the gap in educational success between different income areas

and races. Broadband is the speed and bandwidth capabilities the internet has to upload

and stream sources on technological devices. To explore broadband as a factor, this paper

analyzes census data describing the percentages of families with broadband access in

Indiana counties and compares it to school district I-STEP+ 10th grade passing

rates.When exploring educational success, there are many definitions of success to

consider and many outside factors that contribute to it, but comparing these two data sets

shows the correlation between broadband and one measure of educational success,

standardized test scores. The findings of this research show that, like many other

variables, broadband does not directly impact test scores, but may still contribute to

overall educational success through its strong correlation to income.The purpose of this

research is to explore broadband as a potential indicator for educational success and as a

variable preventing the reduction of educational success gaps.

II. Introduction

The United States education system has a history of inequality that is most clearly

illustrated today by gaps in the education success of different demographic groups. Prior

to the establishment of the first public school in the United States in 1635, education was

provided to children by private tutors or their parents in cases where families could not

afford a tutor(Race Forward, 2021). Children from lower income families had virtually no

access to formal education before the opening of the first public school. This initial
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inequality led to the rich being able to read and write and the poor focusing on manual

skills that would allow them to work and earn a living wage(Brady, 2017). Only a year

after this public school was established in Virginia, Harvard was established as the first

American higher education institution. While the rich had access to this institution, it was

out of reach for lower income children for two reasons: they could not afford the tuition

and did not qualify educationally for enrollment, meaning they did not have the formal

education required to enroll.

Then in 1647, New England was the first colony to require educational facilities for areas

with over 50 families (Sass, 2021). At this point, white children who could not afford

tuition of higher institutions or private tutors were still only being educated until the age of

14 (Brady, 2017). This changed in 1821 when the first public high school was established

in Boston. In 1867 the Department of Education was founded to deal with the outcomes of

the emancipation proclamation and public education issues going forward. Efforts were

made to increase educational opportunities for African Americans, such as the

establishment of Howard University, however there were still drastic differences in

educational access between white children and children of color (Race Forward, 2021). It

wasn’t until the 1950’s that social norms shifted enough in America for academic

inequality between races to be addressed. At this point, many African Americans,

particularly in Southern America, were segregated into schools with less resources, which

usually correlates to worse educational outcomes(Berry, 2011). Eventually, the Supreme

Court found segregation in academic institutions unconstitutional in Brown v. Board of

Education of Topeka(Brown V. Board of Education, 1953), and schools began to slowly
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integrate. Policies directly following this court decision only served to maintain the

race-based success gap bringing us to the divides seen today.

In the past several decades, the historical inequality in educational success between

children of different races and incomes has continued to not only persistap but increase

(CEPA, 2015). Currently, a new factor is seemingly playing into this educational

achievement divide, access to broadband internet connection. Throughout the past few

decades, technology has been integrated into educational curricula across the United

States (Members of the Technology in Schools Task Force, 2002). The invention and

implementation of the internet was a major technological advancement that extensively

changed the way education works both inside the classroom and out. A plethora of

research has been conducted analyzing the relationship between technological resources,

like personal computers, and educational success; however, very little has been analyzed

on the local level in regards to access to the internet’s impact on standardized test scores

(Hampton, 2021; Lee, 2017; Michelmore, 2017). This research plans to take the existing

understanding of technology's impact on educational achievement and apply it to the local

level with broadband access and standardized test passing rates.

III. Literature Review

A. Education Inequality

Inequality in educational outcomes between different demographic groups has

always plagued the United States education system, even before it’s official

establishment. These differences between outcomes from different demographic
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groups are often referred to as ‘gaps,’ which reference the differences between the

average educational outcome of two groups. These gaps are based around the idea

that if inequality did not exist in education, the average among different groups of

people would be relatively the same, or rather that there would be no statistically

significant differences in educational outcomes of different groups. The two gaps

most relevant to broadband and this research are the income-based education gap

and the race-based education gap.

As conveyed above, evidence of the income-based educational success gap can be

seen throughout history (Sass, 2021). Overtime, many would assume that the gap

between the rich and the poor, in regards to academic success, would have shrunk

as more public resources became available; however, one study claims this is not

the case. Susan Dynarski and Katherine Michelmore, from Syracus and Michigan

University, respectively, claim the difference between the average test scores of the

rich and the poor has actually increased 40 percent over the last 30 years

(Michelmore, 2017). Their research suggests that many studies measure poverty by

those who qualify for free and reduced lunch, which includes different groups of

people than those who might be solely economically disadvantaged, causing the

estimation of this gap to be much lower than the true gap.

The Economic Policy Institute conducted an analysis that found educational

success gaps between different income levels begin to show in children as young

as pre-kindergarten. It can only be assumed that a gap existing that young will only

https://econofact.org/author/susan-dynarski
https://econofact.org/author/katherine-michelmore
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increase over time, as there is a lack of development in the skills and knowledge

the rest of the education system expands upon (García, 2017).

This assumption is proved true by the Federal Education Department, who found

in 2012 that the educational success gap between the rich and the poor had

increased 44 percent since 2001. Stanford University professor, Sean Reardon,

found that income might play more of a role in educational success than race; for

example, predominantly white areas and areas that were predominately black with

the same income variances scored had similar average scores(Michelmore, 2017).

Despite this study, race as a major factor in educational success cannot be

completely ignored.

Brown v. Board of Education, where the United States Supreme Court ruled that

educational institutions separated by race were unequal, brought the educational

success gap between different racial groups to public attention. Although the

academic success gap between students of different races has shrunk by over 40

percent since 1970, there is still a notable divide in the trends of academic success

between different racial groups (CEPA, 2015). The National Assessment of

Education Progress is the main resource for academic achievement gaps in United

States education. They collected data from 8th graders in all Indiana school

districts in 2019 and found that the gap between average math test scores of Black

students was 27 points lower than the average score of white students, and the

average English score was 25 points lower for Black students than white students.

The difference between these average scores was found to be statistically
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significant in both cases. This trend seems to be consistent through other

minorities, the only exception being Asian/Pacific Islander students, who scored an

average of 7 points better in math than white students in the year 2017 (NAEP,

2020). While they found the score differences to vary every year, looking back as

far as 1990, there is consistently still a significant gap between students of different

races throughout the years.

Figure 1 - Example of the Educational Success Gap between White and Black students

NAEP. (2020). NAEP Achievement Gaps. The Nation's Report Card. Retrieved 2021, from https://www.nationsreportcard.gov/dashboards/achievement_gaps.aspx.

To further the extensiveness of the gap discussed above, the National Center for

Education Statistics looked at the distribution of 8th grade students across the

United States in regards to math proficiency and published alarming statistics.

Around 50 percent of Black, American Indian, and Hispanic students registered

below the basic math level, as opposed to the mere 20 percent of White students

at the same level. Only Asian students had a lower below basic percentage than
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White students at about 15 percent of Asian students registering as below basic in

math (NAEP, 2020). This statistically significant difference of not just scores but

also proficiency levels displays the significance of the educational success gap

between students of different races present to this day.

While the reasonings for these gaps in educational success are impacted by a

variety of factors, like nutrition, parental involvement, and school resources, this

paper will focus on linking broadband to these gaps and examining the

relationship between broadband and educational success. As broadband is a form

of technology, access to it, and by proxy access to educational success, is closely

related to the concept of the digital divide.

B. Digital Divide

Examining the digital divide in the United States will provide further explanation

of its potential impact on educational success. The digital divide is known as the

gap between those who can afford access to new technological resources and

learn how to use them and those who do not have as much access to technological

resources and never learned how to use them in the professional world (Cullen,

2001). When examining the digital divide, race and income usually serve as

excellent predictors for which side of the divide a person will be on. To examine

the relationship between income and technology, Pew Research Center broke

subjects up into three categories, those who made $30,000 or less, those who

made between $30,000 and $99,000, and those who made $100,000 or more. In
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regards to overall access to technology, the lowest income category had about 20

percent less access to technology than the middle income category, which had

around 20 percent less access than the highest income category. When focusing

directly on broadband, the gap between the middle and the highest income

categories was small, but the gap between the lowest and middle categories

reached almost 30 percent (Vogels, 2021). That gap is significant when

understanding it as people without access to the technology they need to complete

school work or gain the knowledge required to have a successful career.

Figure 2 - Pew Research Center Income and Racial Gaps on Access to Broadband

Pew Research Center. Retrieved 2021, from https://www.pewresearch.org/fact-tank/2021/07/16/home-broadband-adoption-computer-ownership-vary-by-race-ethnicity-in-the-u-s/.

When examining this divide in regards to race, the digital disparity is not quite as

large. Pew Research Institute found that 42 percent of White adults had access to
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all technology forms, as opposed to the 40 percent of Black adults and 35 percent

of Hispanic adults. This gap did slightly increase when looking specifically at

access to broadband, with White adults having 9 percent more access than Black

adults, and Black adults having 6 percent more access than Hispanic adults(Atske,

2021). In this research, broadband is one of the terms used to highlight the digital

divide, specifically in regards to education.

C. Overlap

While research on the income and racial academic success gaps are highly studied

areas of education, the overlap of internet access and resulting educational success

is much less studied. The most relevant study is one done on highschool students

in rural Michigan, examining the relationship between internet access, or lack

thereof, and SAT scores. The idea behind the study is similar to that of this

research, as it focuses on the possible link between access to broadband and

standardized test scores. The research study surveyed students in grades 8-11 who

lived in a rural area and inquired about their access to the internet, relative interest

in school, and academic results. The study found that while there is no direct

correlation between broadband access and academic success, the two could still

be linked similarly to how students who play sports tend to get better grades even

though sports and grades are not directly correlated (Hampton, 2021). In other

words, internet access does not cause students to get better test scores, but it might

be a factor that plays into students' academic performance, much like physical

activity from sports does.
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IV. Theory

This research takes a more data-driven approach to the potential connection between

broadband and educational success. Instead of a localized survey like the Hampton study,

this research compares reported I-STEP+ passing rates and United States census data on

broadband access with demographic control variables from the National Center of

Education Statistics. This potential correlation is especially important in light of the

recent pandemic and the transition to online learning. Due to the current studies on how

access to technology impacts education (Hampton, 2021; Lee, 2017; Michelmore, 2017),

I believe that there will be a strong correlation between I-STEP+ passing rates and access

to broadband within school districts when looking only at those two variables alone.

However, when other confounding variables are added in, like race and income, I expect

a much lower correlation, similar to how better nutrition does not directly link to better

test scores when other factors are controlled, but shows a correlation to academic success

when directly compared (Florence, 2008).

V. Data and Methodology

When it comes to education, it is easiest to compare data on the state level, as education

is mainly managed by states, and every state has different policies and demographics that

could impact educational outcomes. For that reason, all the data collected and analyzed

will be from Indiana, as that is the state most relevant to Indiana University education

research. To examine the relationship between broadband and educational outcomes, I

will be comparing the percentage of households with broadband access, per the United

States census, and the I-STEP+ passing rates of school districts published by the



Impacts of Broadband Access on Educational Outcomes                                                                   Reeves 11

Department of Education (IDOE, 2018). I-STEP+ is a standardized test all students take

in 10th grade, so the reporting of results between districts is fairly consistent. This study

will focus on I-STEP+ Passing rates, instead of average scoring for two main reasons.

The primary reason being that scientists are moving away from using scores and grades

to predict academic success (Cachia, 2018), but standardized testing is still the most

consistent, data driven way to analyze. For this reason, the study will focus on the lowest

standard for testing, passing.

While this overlap of data seems relatively easy to compare, county lines and school

district lines in Indiana do not exactly line up. In order to fix this, I used the county file

from The Institute of Education Sciences National Center for Education Statistics to

figure out which counties were a part of which school districts. For the school districts

that contained more than more counties or parts of different counties, the geographical

file contained a variable with the amount of school district land found in each county. For

these school districts, I used the land variable to determine a weighted-average for the

broadband that was in each school district, assuming that land was similar to population,

which is unlikely to hold but was necessary to calculate district-level access to

broadband. For instance, if 30 percent of a school district's land area was located in

county A and 70 percent of its land area was located in county B, the weighted average

broadband value for that school district is 0.3*(County A broadband access) +

0.7*(County B broadband access) = Weighted average broadband access value for the

school district.
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Figure 3 - Country Lines v. School District Line Maps

Below is a sample table of data for each school school district in regards to broadband

access and 10th Grade I-STEP+ passing rates in 2018. I selected a few districts with the

lowest access to broadband, a few with average access, and a few with high access to

properly summarize the data I found. While all school districts have some access to

broadband, there is a significant difference between the districts with the lowest percent

access, at 58 percent, and the districts with the highest percent access, at 93 percent.

There is also a noticeable difference between the proportion of students that passed all

sections of the ISTEP+ in 2018 in these school districts, aligning very closely with their

increasing access to broadband.



Impacts of Broadband Access on Educational Outcomes                                                                   Reeves 13

Figure 4 - Table displaying short selection of school districts broadband access and I-STEP+

passing score proportions

School Districts ACS_calc Both Math and ELA  Percent pass 2018

Lakeland School Corporation 0.585707666 0.203

Rush County Schools 0.63 0.394

Orleans Community Schools 0.649 0.451

Paoli Community School Corporation 0.649 0.378

Warren County Metropolitan School District 0.762 0.344

Northwestern School Corporation 0.762 0.513

Eastern Howard School Corporation 0.762 0.597

Zionsville Community Schools 0.858 0.608

Carmel Clay Schools 0.931 0.703

Hamilton Southeastern Schools 0.931 0.564

Westfield-Washington Schools 0.931 0.51

**Full Datasheet displayed in Appendix 1

Some limitations I predict are that the actual population of districts is not equivalent to

the percent of county land, which will cause some slight misrepresentation of the

comparison statistics. I will also be solely focusing on Indiana school districts, which

means my results can not be generalized to the United States as a whole. Because I am

only looking at Indiana, there will also be some bias in regards to the diversity of students

that are being analyzed in my data as Indiana is not the most racially or ethnically diverse

state, with 83 percent of Indiana identifying as white (Indiana Population, 2021).

However, because I am examining all school districts, I do believe that this bias is as

limited as possible. Another limitation to my data is that it is focused mainly on one year.
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Without  years of data, there is no way to ensure that the data of the year I collected is the

trend for Indiana schools and not the exception. Unfortunately, broadband access is

measured in many different ways and is a relatively new variable in most data collecting

platforms, making it hard to currently compare data sources describing broadband access

over extended periods of time. To ensure accurate correlation, this study also includes

income and race as control variables to the regression analysis.

Despite the evident limitations, this study draws attention to the finding that the digital

divide is also impacting education and lack of broadband access potentially widens the

income and race based educational success gaps. Often, when education inequity is

examined, the importance of access to resources at home, not only in the school, is

forgotten. This emphasis on broadband will help showcase the potential difference access

to online resources at home can make in a child’s education success. This information is

especially relevant as the COVID-19 pandemic has led to more schools implementing

more online resources and practices as a way to ensure safety. It is important to

understand how this potentially affects children from different backgrounds so schools

divert funding accordingly.
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VI. Results

Figure 5 - Graph Displaying Correlation between Broadband Access and I-STEP+

Passing Rates in Indiana School Districts

After running a simple regression model, the data exhibits a slight positive correlation

between broadband access and the average student passing rate. This was expected,

although research (Hampton, 2021; Michelmore, 2017) suggested a potentially higher

correlation than the found correlation coefficient of 0.2333, with a p-value of  virtually 0.

This correlation suggests that there is a relationship between broadband and academic

success; specifically as the school district's access to broadband increases by one percent,

the average passing rates of students within this district also increase but at a lower rate.

It is important to note that correlation does not prove causation, meaning there is no way

to analyze if increased access to broadband causes increased passing rates in districts
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with the current data. While the correlation is not as strong as predicted, the correlation is

still statistically significant.

There are a few extreme outliers in the data where a few districts did not administer the

I-STEP+, which brings down the correlation coefficient. These outliers can be seen

across the x-axis of the graph and cause the trend line to be slightly lower than it

otherwise would have. There are also a few outliers where school districts have a higher

passing rate but low broadband access. While there is no evident reason for this from the

research or data, closer analysis on the districts curriculums, in regards to the

standardized test, could be examined to determine if any major difference occurs that

relate to standardized test prep or test taking procedures.

In order to ensure that the correlation from the above model is not impacted by

confounding variables, as there are a variety of variables that can impact passing rates

and children’s educational success, like family support and school resources, below is a

multiple regression model with the main focus on the demographic variables of race and

income. From my research on broadband, two main factors that can predict whether or

not people have internet access are race and income, which happen to also be able to

predict educational success as well (Hampton, 2021; Lee, 2017; Michelmore, 2017).

Since these variables impact both of the research areas, they were important variables to

focus on in a regression model to see what the impact of broadband solely is on academic

success. These proved to be important variables to include as the f-value from the model

below shows the data chosen fits a multiple regression model very well.
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Figure 6 -  Multiple regression output with race and income as control variables

With the mentioned f-value being so close to 0, it can be concluded that the variables

chosen can accurately predict academic outcomes in regards to I-STEP+ passing rates.

What is particularly interesting about the regression output is the statistical insignificance

of not only broadband but also racial variables. My research on educational success and

the digital divide suggested that race would be a more significant predictor for test score

outcomes, which proved false in this model with no race having statistical significance.

The statistical insignificance of broadband when all the confounding variables are added

in is not what I predicted, but it is not altogether unexpected. The Michlemore study from

above found that time spent on the internet did not directly correlate to higher educational

success, but it did correlate indirectly when other variables were removed. The one

variable that showed a statistically significant correlation, despite the other control
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variables, was income. In regards to test scores, income is a statistically significant

predictor when broadband is included.

Figure 7 - Broadband v. Income Relationship Graph

A potential explanation of the change in statistical significance and correlation coefficient

in broadband between models is the strong correlation between income and broadband.

The correlation coefficient in Figure 7’s regression is .53, much higher than any

correlation coefficient prior to this test. Upon further analysis, the strong correlation

between broadband and income is statistically significant, with a p-value of virtually 0.

This strong correlation could partially explain the significant correlation between

broadband and I-STEP+ passing rates. If income is strongly correlated to passing rates,

and broadband is strongly correlated to income, it would make sense that broadband and

passing rates have a strong correlation when no other variables are factored in.
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Figure 8 - Multiple regression output with race as control variables

To further that point, when income is taken out of the regression model, broadband goes

back to having a statistically significant correlation to passing rates. The probable reason

for this is that broadband and income are interrelated, so when both variables are added to

a regression model, income overpowers any correlation with broadband.

VII. Conclusion and Implications

There is a slight, statistically significant correlation between access to broadband and

average passing rates of students in Indiana School Districts when income is not added as

a variable in the regression model. While it is not certain, it is probable that the statistical

significance of broadband, and its correlation to passing rates, disappears due to its close

correlation with income. Because broadband and income are so closely correlated,

broadband may be overpowered by income in the regression model. It is also possible

that the correlation seen in the initial model is a result of broadband’s correlation to

income, not test scores. This relationship could be further explored in future research.
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This study did find that race played no statistically significant role in passing rates where

it’s correlation to broadband is concerned. This means broadband access is a better

predictor of passing rates in school districts than race. This outcome was not predicted,

but aligns well with Professor Rearson’s research on income and racial factors in the

educational success gap (Michelmore, 2017). Although other data sources suggested race

would be a strong control variable for educational success, my research found this to be

false when looking at the educational success gaps and broadband.

There are minor implications of this research for public school districts in Indiana. It is

important for policy makers to recognize the strong link between broadband access and

income level. School districts with children from lower economic backgrounds should

look into ways to invest in their communities broadband access as a way to shrink the

income-based educational success gap. Unfortunately, this research did not provide

substantial insight into the race-based education success gap. In the future, researchers

should attempt to measure broadband access against a different measure of academic

success to further analyze how broadband access impacts different areas of education.
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