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Executive Summary 

Our phones are an integral part of our lives. They’ve become the remote control and 
digital Swiss Army knife for how we learn, work, and play. As one uses their phone 
more often, they leave clues about themselves and their preferences. While consumer 
privacy and protections are paramount and respected, privacy compliant clues can be 
inferred from things like the applications one downloads, the locations they visit, and 
many other variables including their phone’s make and model. 
In an effort to continue improving the mobile advertising solutions we provide to our 
clients, Sabio’s App Science® Labs conducted research that aimed to better identify 
consumers with higher household incomes. Given that many of our clients, from 
financial institutions and luxury automotive manufacturers to theme park vacation 
marketers and high-end retailers have products and services that require we reach 
higher HHI customers, it is extremely valuable to constantly improve and identify their 
target customers more effectively. 

Inspired by a published economics paper1 from the University of Chicago, which looked 
at how different groups have had their preferences diverge over time to infer 
demographics based on people's consumer behavior or media consumption, the 
researchers found that "no individual brand is as predictive of being high-income as 
owning an Apple iPhone" based on 2016 data. There are details and caveats to the 
research, but the economists found that owning an iPhone gave them a 69% chance to 
correctly infer that the owner was "high-income," which they defined as being in the top 
quartile of income for households of that type — like single adults or couples with 
dependents, for example. 

Diving deeper and testing for correlations, App Science® Labs tested these 
demographics and iPhone findings by including location analysis and higher priced 
Android phones, defined as priced above $500, to see if higher priced phones were 
more likely owned by consumers who live in higher income zip codes as defined by the 
2010 U.S. Census. After accounting for noise within the data, regression analysis shows 
that phone price is a statistically significant factor in determining median income. With a 
positive medium correlation of approximately 40%, a linear trend between the two 
variables can be made. The results are strong enough to indicate that higher priced 
phones are more likely to belong to individuals who reside in higher income zip codes. 

Using these findings, the App Science® Labs team compared the results of a recent 
“audiobook” app download campaign which Sabio Mobile ran and that performed well 
above benchmarks to see how it compared to the phone price/location analysis. Given 
that many studies have shown the strong correlation between reading, academic 
success, and household income, we wanted to test to see if an audiobook app would 
produce similarities with respect to phone price and median income. Not surprisingly, 

1Bertrand, Marianne and Kamenica, Emir; University of Chicago: National Bureau of Economic Research 
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the audiobook campaign analysis revealed that the majority of all audiobook downloads 
were performed on higher priced phones. What was surprising however was how 
iPhones outperformed the Android phones by a margin of 4 to 1, including the higher 
priced Android models. 

The conclusion is that there is a strong enough correlation between higher priced 
phones and higher HHI, which can be used in combination with other mobile data 
signals including location and apps targeting up-market consumers to optimize the ad 
campaigns of our clients. Further research between these and other mobile data 
signals, and how they predict income and other segments, are necessary and 
forthcoming. 

Introduction 
There are few pieces of technology that are used more per user than the modern-day 
phone and as one uses their phone more often, they leave clues about themselves. 
Elements like a person’s passion points, preferences, and behavioral identity can be 
inferred from the applications one downloads, the locations they visit, the brands they 
favor, what phone model they buy, what data plan they use, and many other variables. 
Each action leaves a residual presence that can be analyzed. In this case, the main 
focus is to see if there is any variable that can help in determining someone’s financial 
status. 

Precedent Study and Inspiration 
Economists at the University of Chicago with the National Bureau of Economic 
Research recently published a study revealing that the best indicator of wealth is 
owning an iPhone. “Knowing whether someone owns an iPhone allows us to guess 
correctly whether the person is in the top or bottom income quartile 69 percent of the 
time” they write. The iPhone is a luxury product that is usually priced higher than 
competing smartphones and is rising in cost with each new iteration. Generally, to afford 
these expensive phones, most purchasers should come from a higher income bracket. 
As a result, the iPhone has become the best indicator of wealth from among everyday 
items. 

Objective 
Using the company’s non-PII mobile data on the U.S. population, Sabio’s App Science®

Labs wanted to verify: Can your phone give us a clue about your income? The biggest 
representation of the dollar amount attached to a phone is how much one would pay for 
it upfront at retail. Therefore, the hypothesis posed is: 

Hypothesis: 
Does your phone’s retail price information tell us something about your wealth status?
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 Other variables that can be used to indicate financial status 
Although phone price is the main variable considered, there can be other indicators of 
wealth from your phone such as software (which applications you have), financial 
transactions (what ratio of your apps are bought vs free), location visits, wireless carrier, 
and much more. In the study, phone prices were focused on due to the information 
availability. 

 
Variable Considered and Best Feature: Phone Price 
Economically speaking, the best feature of your phone that can indicate monetary 
value, or wealth, would be phone price, or how much you paid for it. Knowing a phone’s 
make and model, one can find the retail price. The assumption here is that most people 
would purchase their phones through retail stores like: Best Buy, Walmart, Apple Store, 
or others. There can be cases where the consumer is using a hand-me-down, obtained 
it with an employee discount, or if the phone was a gift, but those cases are few and far 
between. For the sake of the study, those cases were considered outliers and were 
ignored. For the most part, one can consider that if you have a smartphone, you paid 
the fair retail price for it. 

 
Can your phone price indicate your financial status? 
App Science® Labs has a database of different makes and models of the smartphones 
in the United States which the team cross referenced against the corresponding retail 
price. From the make and model of your phone, the data science team now has the 
retail price or “theoretical” price someone paid for the phone. 

 
Now the question is, can this price information tell us something about your income? 

 
It’s likely that the more income you have, the more likely you are to purchase a more 
expensive phone. Or alternatively, there can be instances when lower-income 
consumers prioritize their smartphone and purchase more expensive phones. Or maybe 
there is no relationship between the two. The team wanted to explore and see what 
insights can be derived. 

 
How can App Science® predict a person’s financial status? 
Getting the phone prices was rather easy, however, finding the exact financial status of 
someone is really tricky. Is it how much money they earn or how many assets they 
own? There is no feasible way to get everyone’s exact income or net worth. We will 
need something to compare our results to, something that is available, accurate, and a 
good representation of people’s financial status. The best proxy for financial comparison 
is the United States Census median income by zip code. Not only was this information 
public and reliable, but it would fit really well with the information that the current team 
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possesses. Along with the price of the phone, the team also knows which zip codes 
those smartphones are located in, and as a result can group them together to 
compare. 

 
 
Methodology 
 
Recap: 
 
App Science® wants to see if your phone can tell us something about your wealth. The 
feature the team chose to focus on was the value of the phone. From the make and 
model, one can derive the retail price of the phone. This variable was chosen due to its 
economic significance, academic literature support, and easy availability. From the price 
of your phone, the team wants to see how accurate phone price is in determining 
wealth. Since it’s impossible to know each person’s true income, one would have to use 
a viable substitute. The best and most reliable proxy found was the zip code median 
income. Therefore, we are predicting the relationship of a person’s income to their 
phone by examining the relationship between the average cell phone price from a given 
zip code and the median income reported by the U.S. Census. 

 
Getting Phone Prices 

 
From research of Sabio Mobile’s previous ad campaigns, the App Science® team has 
an estimate on the number of people that use each phone make and model. Prices on 
the top 84 makes and models were collected, resulting in phone pricing information on 
about 113 million people. Retail pricing information was used, as the primary method of 
phone purchase is through a retail store. To mitigate any variance that might arise, 
phone prices were averaged out across different boundaries. As a result, the team was 
left with a uniform number for comparison. In the end, the average phone price for the 
top 84 makes and models were obtained. 

 
Getting Median Income 

 
The team has the median income by zip code from the most recent U.S. Census 
(displayed below). The median income was preferred to mean income as it reduces 
the effects of the outliers. 



6  

 
 
Now that one is using median income for analysis, one needs to make sure the 
variables come from the same group. Median income is grouped by zip code, therefore, 
one needs to get cell phone price on the same zip code level for comparable analysis. 
From Sabio’s database, it is easy to trace the associated zip codes of the devices. Now 
that one has the prices and locations, to get a proper phone price estimate of the zip 
code, the average price of the cell phone within that region is taken. A distribution of the 
average cell phone price per zip code is listed below. 

 
 

 
Gauging Reliability of Data 

 
App Science® Labs has cell phone information on different zip codes, but limited pricing 
information. From the process above, one can also ascertain what percent of the cell 
phones within a zip code Sabio has information on. For example, let’s say in zip code, 
10001, Sabio estimates there are 100 phones. From the 100, however, Sabio only has 
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pricing information on 50 phones (50%); therefore, the number recorded for zip code 
10001 is 50%. This process is repeated for all the zip codes, giving us a spectrum of 
different zip codes and theoretically how much information or percent is captured. A 
histogram is shown below: 

 

 

Analysis: 
 
Before one can approach the analysis, one needs to apply controls for any possible 
influencing variables. 

 
Filter 1 (Controlling for Confounding Variables): 
To filter for potential confounding variables, the team focused on nighttime (6pm-6am) 
for the analysis. During the day, people are commuting, driving to work, and visiting 
many different areas. Therefore, there is a greater chance that the recorded zip code is 
not a true representation of one’s real income. However, during nighttime hours, people 
usually go home to their permanent residence. The median income in each zip code 
can be used more appropriately as a proxy in this setting. 

 
Filter 2 (Controlling for Noise): 
After applying the time setting control, the phone prices in each zip code were collected 
and averaged out. There was some noise here in this sample. For example, there were 
some zip codes where App Science® had much fewer numbers of cell phone 
information or did not know the price of those phones. Using the above methodology, 
the results could be skewed if the sample size is really small. Therefore, to ensure a 
more accurate result, a second filter was applied before the averaging. The second filter 
was that for a zip code to be considered, it needed to have at least 100 phones 
recorded in the area from our dataset and App Science® must have information on at 
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least 30 phones within the zip code. This is to ensure more confidence in each data 
point and filtering out of potential noise. 

 
Plotting, Correlation, and Regression Analysis 
Plotting the reported U.S. Census median income with the average value discovered, a 
trend and positive correlation could be spotted between the average cell price in a zip 
code and the median income per zip. Although not a strong correlation (due to noise 
and only one variable), a noticeable trend is seen, a regression line drawn, and 
regression results indicate the variable is statistically significant in determining median 
income. 

 

 
Summary: 
From the analysis conducted, there is a correlation between the average cell phone 
price one has and their income. The higher the cost of your phone, the more likely it is 
that the owner is from a higher income bracket. As a result of this discovery, in effect, 
there is now a way to profile higher income consumers through their mobile devices, 
resulting in a higher ROI through better advertising targeting, user profiling, preference 
modeling, and much more. There are many possible applications using this information. 
In fact, the findings here were used to help provide better insights for a recent app 
download campaign. 

 
 
Sabio Mobile Case Study: Audiobook Application 

 
Introduction 

 
One of the recent campaigns Sabio Mobile delivered was for an audiobook application. 
With a long list of studies that have shown a correlation between reading, academic 
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success, and income, the App Science® team examined the results of the audiobook 
campaign and found some interesting patterns and relationships. For example, from the 
campaign, it was discovered that a majority of sign ups came from iOS users. In fact, 
there were 4 times more iOS users signing up than Android users. iPhone users seem 
to be more receptive to campaigns from this brand. Could it be the product? Could it be 
the brand? The question is what about the audiobook app and iPhones ties the two 
together? 

 
Lesson 1: 
In the audiobook app campaign, iOS device participation compared to Android device 
participation is nearly 4 to 1. iOS participation is much higher for audiobooks. 

 
A working theory is wealth. We know from the University of Chicago research that 
among owned products, iPhones are the best indication of wealth. Could it be that 
wealthier people prefer audiobooks? We’ve found earlier that there is a correlation 
between the average cell phone price and median income. The regression results show 
that as cell phone price increases, there is a statistically significant increase in the 
likelihood of someone coming from a higher income neighborhood. Since iPhones are 
some of the most expensive phones on the market, it supports our hypothesis. Well, 
what about the Android results? Something very interesting is from the Android makes 
and models that had the most success, 7 of the top 9 phones came from the more 
expensive make and models. The audiobook campaign seems to be getting better 
success from these high-end phones. Could there be a difference? 

 
Lesson 2: 
In the audiobook app campaign, most of the top Android devices are from more 
expensive phones. So far it seems that higher income phones are more likely to be a 
success. 

 
Comparing the distributions of a random sample from the U.S. population and the 
audiobook app population, a statistically significant difference was found between the 
phone prices. 

 
Lesson 3: 
Comparing the average price of the phones from our U.S. population and the average 
price of the participants in the audiobook campaign, there is a statistically significant 
difference. Audiobook participants have on average a higher phone price. 

 
So, it seems that higher phone price consumers tend to do better in the campaign. 
Higher income individuals have a preference for audiobooks. Does the reverse hold 
true? Can one say for really low-priced phones $200 or less (low income), that there’s a 
drop-in campaign registration rate? The answer is yes. Comparing the population 
distribution between the two, there are a lot less low-priced phones in our campaign 
sample than proportionally expected. It seems that not many people with low priced 
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phones are interested in using audiobooks. If this is the case, this would allow us to 
optimize and bid less on these phones. 

 
Lesson 4:  
Cheapest priced Android phones seem to have lower success rate.   
From the analysis above, the relationship between the phone price (make and model) 
and economic status seems to be supported. 

 
Lesson 5:  
Income and Price variables seem to be connected. 

 

 
The image above shows the continental United States with city median incomes and 
downloads from the audiobook campaign. Size is represented by the downloads from 
the city, while darker blue represents higher income (see key). One can see that 
downloads are more concentrated in the top cities like: Los Angeles, Chicago, New 
York, and Dallas, which have higher median incomes, represented by larger and darker 
blue dots. Similarly, you see lighter and smaller blue dots scattered around. 

 
Application 

 
- Bidding Optimization 
- Customer Income Segmentation 
- Behavioral Insights 
- Improved Customer Targeting
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 Takeaways 
 
Lesson 1: 
In the audiobook campaign, iOS device participation compared to Android device 
participation is nearly 4 to 1. iOS participation is much higher for audiobooks. 

 
Lesson 2: 
In the audiobook campaign, most of the top Android devices are from more expensive 
models. So far it seems that higher priced phones are more likely to be a success. 

 
Lesson 3: 
Comparing the average price of the phones from our U.S. population and the average 
price of the participants in the Audiobook campaign, there is a statistically significant 
difference. Audiobook participants have on average a higher phone price. 

 
Lesson 4: 
Less expensive phones seem to have the lowest success rate. 

 
Lesson 5: 
The phone price income relationship seems to hold. 

 
 
Conclusions 

 
The relationship found above in the general analysis with regard to phone price and 
median income shows a statistically significant relationship between the two. Knowing 
this information, one can attempt to place a potential customer on an income spectrum 
from their phone make and model information. By helping distinguish between income 
variations, one can better target those with higher or lower incomes more accurately. 
These findings prove that there is a strong enough correlation between higher priced 
phones and higher HHI, which can be used in combination with other mobile data 
signals, including location and apps targeting up-market consumers to optimize the ad 
campaigns of our clients. Further research between these mobile data signals and how 
they predict income and other segments are necessary and forthcoming. 
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Appendix: 
Appendix 1: Histogram of Average Cell Price 

 

 
Appendix 1 displays the Average Cell Phone Price per zip code and the frequency 
associated with it. For example, we can see that the average price is close to 300 with a 
count of 1500. It’s not symmetrical and leaning to more of the left side with really fat 
tails. 

 
Appendix 2: Histogram of Median Income 

 

 
This is the Median Income per zip code along with the frequencies. We can see its right 
skewed (tail is towards higher end). Which makes sense, because you have some 
outlier neighborhoods like Beverly Hills, Bel-Air, and Manhattan’s Upper East Side with 
extremely high median income. 
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Appendix 3: Histogram of Percentage of Phones per zip code that we have 
phone price information on. 

 

 
For the experiment, samples of phone makes and models were taken from 
corresponding zip codes. Those makes and models were matched with the prices for 
the phone on record. This graph illustrates the count of the percentage of phones with 
prices known from zip codes. For example, the graph shows that from the dataset there 
were over 2,000 zip codes where the team has complete price information on the 
phones in the zip code. 

 
For example, through predictive analytics and data collection, Sabio has an estimate on 
the number of phones in a zip code. Let’s say in zip code, 10001, Sabio estimates there 
are 100 phones. From the 100, however, Sabio only has pricing information on 50 
phones (50%); therefore, the number recorded for 10001 is 50%. The chart above 
shows the frequencies of what percent of phone prices are known within the reported 
phone data. 

 
Appendix 4: zip code Median Income vs zip code Average Cell Phone 

 
During the analysis, there is confounding variables, also called error, or noise that one 
need to consider and filter out. 

 
Measuring Error 

- Error 1: Sample Size is too small: 
o For example, if the reported number of phones within a region is 2, one 

cannot accurately say that is representative of the true population. 
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SOLUTION  
To prevent biased results from adding noise, a solution implemented is setting a cutoff. 
In the study, zip codes were considered if at least 100 cell phones were reported and at 
least 30 phones with pricing information were known. 

 
Behavioral Error 

- Error 2: Day Travel and Commuting (Commuter Bias): 
o If one lives in a low-income neighborhood, but commutes to a higher 

income neighborhood for work. The data would report that person is from 
a higher income area. 

 
SOLUTION 
To mediate commuter bias, the study focused on the nighttime (6pm-6am), where 
the majority of people would be in their residential zip code area. This helps ensure 
accuracy and that the median zip code income is a good representative of the 
consumer’s financial status. 
 

 
 

Appendix 5: Median Income per zip code vs Average Cell Phone Price per zip 
code with Trend Highlighted 

 
A correlation of approximately 40% was found from the plot above. A linear trend is 
noticeable between the two variables. To help illustrate the concept, a visual black line 
is drawn on the graph to showcase the trend line. 
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Although the trend line shows a positive correlation, one needs to also keep in mind 
that there can be measurement errors in the data, outliers, and other potential 
hindrances.  

 
Appendix 6: Median Income per zip code vs Average Cell Phone Price per zip 
code with Unbiased Linear Regression Line 

 
To tease out the appropriate relationship between the two variables, the statistical and 
machine learning technique of linear regression was used. The linear regression model 
is represented by the red line. 
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Appendix 7: Regression Output 
 
 

 

Running the regression on the two variables, the results are above. Notice how the R- 
square is 15.3% (.38^2). This translates to the model being able to explain 15% of the 
variation in Median Income of a zip code from just Average Cell Phone Price within the 
zip code alone. Considering all the different variables that could help explain income, 
this is outstanding in itself. 

 
The model predicts that, on average, for every dollar the average cell phone price in the 
zip code goes up, it is expected that the zip code median income would increase by 
$122.70. 
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Appendix 8: Audiobook and Median Income 
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