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Summary 

The internet is a powerful tool that has become ubiquitous in 21st century life and its                

influence is only growing. This leaves those without access to the internet at a disadvantage               

compared to those who do. In recent years, advocates have drawn increasing attention to the               

“Homework Gap,” the number of economically disadvantaged school children without          

broadband internet access, and therefore do not have the same ability to perform in school as                

their advantaged counterparts. To address problems involving inequality, it is important to first             

have an understanding of the demographic breakdown of the affected population. After careful             

analysis of the questions posed, we came to the following conclusions: 

In problem 1, the probability of selecting a Hispanic child, from a home with internet               

access having a household income of greater than $50,000, from a class of 28 with 68% of                 

student households making less than $50,000, is 6.875%. To arrive at this probability, our group               

first separated the class data into a subset of data containing only hispanic students, then solved                

for the overlap between the subsets within the hispanic population that have both internet access               

and a household income above $50,000. The final subset overlap was then expressed as a ratio to                 

the total population of the class to determine the probability of selecting a student that fulfills all                 

three criteria at random. 

In problem 2, using an almost identical process as the question from before. The Hispanic               

and White populations were both separated into their own subsets, solving for the overlap within               

each subset that meets all three criteria. The two overlaps were then added together and               

expressed as a ratio to the total population of the class to determine the probability of selecting a                  

student that fulfills all three criteria at random, which we determined to be 11.05%.  

Assumptions & Justifications 

With the provided information, we made the assumption that families without school-age            

children are excluded in the problem because the questions asks for the probability of selecting a                

student that attends a school in a school district in Texas. Based on the data linked, and because                  

the given information aligns with additional figures we found, we have assumed the district in               

the problem to be the El Paso Independent School District (The Texas Tribune). We also needed                

to know the proportion of students in each demographic that had an income above or below                



$50,000. To do this, we gathered income and race data in the El Paso region               

(Statisticalanalysis.com). After simplifying the data to two income brackets (above or below            

$50,000), we determined the proportion of each person in each race and ethnicity who made up                

each bracket as demonstrated in the table below. We then assumed that because our data set and                 

the given data set were a part of the El Paso region, this data would accurately represent the                  

students in this problem and we used these numbers for our calculations moving forward. 

 

Problem 1: 

The problem asks us to find the probability of randomly selecting a Hispanic student who               

has access to the Internet and has a household income greater than $50,000 out of a class of 28.                   

To find this probability, we calculated the likely number of students that would meet all 3 criteria                 

and expressed it as a percentage of the total 28 students.  

First, we confirmed that the classroom was a representative sample of the total population              

by comparing the proportion of students living in a household with less than $50,000 in annual                

income to the proportion of the same in the total population. According to the Texas Tribune,                

69.9% of the population is considered economically disadvantaged, defined as households           

eligible for free or reduced lunch plans, which means their income is less than or equal to 130%                  

of the poverty line (The Texas Tribune). The poverty line for the state of Texas is $43,430 for a                   

family of 8 and 130% of $43,430 is $53,716. This means 69.9% of the population is                

economically disadvantaged, and therefore has a household income of under $53,716. We judged             

the difference between this number and the given 68% of the class to be an insignificant                

difference, and therefore used it as justification that the class was a representative sample of the                

total population. 

Using the data provided by the Pew Research Center and information we gathered using              

U.S. Census data, we found that 23 of the 28 students in the class are likely to be Hispanic, 8                    

students are likely to be Hispanic and have a household income greater than $50,000, and 17                



students are likely to be Hispanic with Internet access (Statisticalanalysis.com). We then used a              

Venn Diagram to visualize the distribution within the categories.  

 

 

 

 

 

 

 

 

 

# of students who are Hispanic 28)(.836) 3.408= ( = 2  

# of students who are Hispanic & have an income greater than 50k 28)(.836)(.36) .427= ( = 8  

# of students who are Hispanic & have internet access 8(.836)(.722) 6.901= 2 = 1  

Both subsets within the Venn Diagram are within the subset of likely Hispanic students,              

therefore, the total number of students that are Hispanic should remain at 23. From here, we                

recognized that there is an overlap between the students with a household income over $50,000               

and those who have Internet access and that overlap would be the total number of Hispanic                

students with a household income greater than $50,000 and Internet access. Using the following              

equation, we found that there are 2 Hispanic students with both an income greater than $50,000                

and Internet access: 

otal income nternet) verlapt − ( + i + o = 0  

 (Numbers are rounded)3.408 8.427 6.901) .9252 − ( + 1 + 1 = 0  

To find the proportion and answer the question, we divided the number of Hispanic              

students with a household income above $50,000 with broadband internet connection by the total              

number of students in the class (28), yielding the answer of 6.875%, which will be equal to the                  

probability of randomly choosing one of those two students from the class of 28. 

 

 



Problem 2: 

The second problem was similar to the first, except this problem asks for the probability               

of the selected student being Hispanic or White, instead of only being Hispanic. The process               

followed is also similar, using the same assumptions about the population, solving for the white               

population that has the same Venn Diagram overlap found in the first problem. Once the number                

of students that likely fit all three criteria were found for the White population and Hispanic                

population, they were added together and expressed as a percentage of the total class population.  

 

 

 

 

 

 

 

 

 

# of students who are White (28)(.095) .66=  = 2  

# of students who are Whtie & have an income greater than 50k (28)(.095)(.559) .488=  = 1  

# of students who are White & have internet access 28(.095)(.88) .341=  = 2  

From the above Venn Diagram, we concluded that 1.169 students in a class of 28 are                

statistically likely to be White, to have a total household income above $50,000, and have               

internet access. From the previous problem, we found that 1.925 students in the class of 28                

would be statistically likely to be Hispanic along with the other two criteria. To answer this                

problem we added those two numbers and found that 3.094 students would likely meet all of the                 

criteria for problem 2. To find the proportion this problem asked of us, we divided this total                 

number by the total number of students in the class and found that 11.05% of the 28 students in                   

the class are statistically likely to be White or Hispanic, have a household income above               

$50,000, and have internet access. 

 



Discussion of the Model & Research Limitations 

In order to test the accuracy of our results, we examined them to see if they would fit                  

within reasonable expectations. Given that almost 70% of the students in this hypothetical class              

would be eliminated due to having an income below $50,000, and a smaller but significant               

proportion would be eliminated with each further criteria added, it is reasonable to assume only a                

very small proportion of the students will meet all three criteria. In problem 2, it is also                 

reasonable to assume that the white population will add a comparable but smaller proportion to               

the total because, although they represent a smaller proportion of the total population, they make               

up a larger proportion of the higher income population. 

Our research was limited by the availability of demographic data for the El Paso region.               

In searching for accurate numbers, many inconsistencies and gaps were found in the data. Due to                

the insignificant nature of El Paso within the larger Texas demographic region, it was difficult to                

find data that was specific to this region. Because of this, the model produced is likely sensitive                 

to any inaccuracies in any supplemental data sets we utilized for our calculations. As well, the                

model will be inaccurate if we are wrong in our assumption that the school district in the                 

problem is EPISD, as the demographics of the given school district will be different.  
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Summary: 

Starlink is SpaceX’s ambitious plan to create satellite-based global internet infrastructure           

capable of providing reliable, inexpensive internet to nearly anywhere on the globe. Self-reported             

as the“world's most advanced broadband internet system,” it is no surprise that the project carries               

some heavy levels of risk. This problem asks the team to assess the risk and reward of the project                   

for SpaceX and whether or not they should proceed with the investment, assuming a $10 Billion                

initial investment and 9% required rate of return compounded twice per year. We found that,               

after filling in the remaining values in the tables, the NPV for this 10 year period is around $13                   

Billion and thus, SpaceX should proceed with an investment in the Starlink project due to the                

fact that the profit is greater than 9% of the original investment. 

Additionally, the bonus question asks us to connect this possible advancement in the             

internet infrastructure to the digital literacy of middle school students in El Paso County that we                

studied during the last round. We are asked to analyze the feasibility of achieving 100% digital                

literacy for those aforementioned students. We have found that after analyzing all of the different               

factors, it is reasonably feasible to attempt to achieve a 100% digital literacy rate among El Paso                 

County middle school students.  

Problem 1: 

This problem asks us to fill in the remaining values in three Cash-In Flow and Cash-Out                

Flow tables for a 10 year period based on the Starlink project that SpaceX is considering                

investing in. We are then asked to consider whether or not the project would be a good                 

investment based on the Net Present Value (NPV) calculated using these cash-flows we solved              

for. 



Assumptions and Justifications: 

The first step in answering the problem was completing the          

cash-flow tables with partial data. To complete the cash-in flow          

tables, we noticed reported revenue per year in the provided Morgan           

Stanley Research Report matched exactly with the given table values          

listed in millions, so we made the assumption that for the missing            

years, the trend would continue. To complete the cash-out flow table,           

however, presented a much more challenging problem. The values given in the flow table do not                

correspond to any one line of the Morgan Stanley Research Report,           

meaning it must be solved for. To fill in the values of the cash-out              

table, we divided the cash-out flow for the given 5 years by the             

number of launches that year and averaged them to find the average            

cost per satellite launch, then multiplied that average by the number           

of projected launches per year as reported in the Morgan Stanley.           

This model, while inaccurate, is the only method to arrive at an            

answer we could find, using the given information. Many other approaches were explored but              

always lead to too many unknown variables to solve for the missing            

values. For example, in the Morgan Stanley report provided, the          

operating profit, which should represent the revenue minus costs for          

business, is given. When we attempted to use this to find cash-out            

flow, the numbers did not correlate to the given values. The reported            

operating profit for year one is $19 million, even though the cash-out            



flow is greater than the cash-in flow, meaning there should not be a profit. This means there is an                   

unaccounted-for source of revenue that is not being reported in our cash flow value tables.               

Similar approaches were attempted using the NPV, NOPAT, EBIT, and profit margins, however             

each case presented an unknown that could not be solved for.  

Discussion of Model & Research Limitations 

The PVs over the 10 year period were consistently positive, indicating that the company              

earnings exceeded the cost. The NPV is approximately $13 billion, thus SpaceX should proceed              

with an investment in the Starlink project since they will receive           

more than their initial investment back within the 10 year time           

period. The model used to solve for cash-out flows is highly           

inaccurate, however, this method was the most reliable that would          

produce an interpretable result. This was largely due to the          

limitations in research. Many of the concepts required to do the           

calculations were completely new to us and were difficult to          

comprehend coupled with the fact that almost nothing is explained in           

the research report made finding the variable we were looking to           

solve for extremely difficult. As well, many of the given values, when we recalculated them with                

the numbers provided in the Morgan Stanley report, were inconsistent and further confused the              

process of finding which variables were able to be solved for. The model would have been much                 

more accurate if the Morgan Stanley report had explained how it obtained the reported numbers;               

a detailed breakdown would have allowed for much easier recognition of variables and a less               

convoluted process to find the cash-out flow values.  



Bonus Question: 

The bonus question asks us to analyze the feasibility of a digital literacy program that can                

impact 100% of El Paso County middle school youth. Digital literacy is defined as “the ability to                 

use information and communication technologies to find, evaluate, create, and communicate           

information, requiring both cognitive and technical skills” (Heitan, par. 4). The feasibility of             

such a program depends on the economic, technical, legal, and scheduling factors that would go               

into its creation.  

Economically, we know that a project like Starlink, which would expand digital access             

around the world, would be feasible for SpaceX to enact. This will create a large advantage for                 

El Paso schools who will not have to greatly expand their own infrastructures for internet access,                

only update what already exists. Additionally, from the last pool of data we were given, we know                 

that 82.5% of all households with school aged children have high speed internet access at home.                

This means only 17.5% of school-aged children lack such a connection and with a program like                

starlink, this gap could be bridged more easily. This would allow schools to not have to worry                 

about digital access as much as digital literacy. 

For the technical aspect, teachers and students would need resources and training to             

improve their digital literacy. It is possible that schools could either shift or add resources into                

the trainings that many teachers already take part in. Legally, there are few barriers as it is                 

perfectly acceptable for students to have access to the internet at school (as a tool for their                 

learning) and to be taught how to properly use such a tool. Timing is the most difficult issue to                   

manage as changes may be slow to be implemented. For one, the Starlink project has a 30 year                  

timeline and it is unclear when exactly the El Paso region might begin to see benefits. Also                 



teacher training takes time as it would be so new. Nonetheless, we have come to the conclusion                 

that the digital literacy goal is feasible as long as all of the aforementioned factors continue on                 

track as they are now. 
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