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I.Introduction 
 
Commercial market forces and population trends often interact spatially in interesting ways, and 
the nature of these interactions is a clear topic of interest for contemporary statisticians, 
geographers, and economists. Knowledge of the exact nature of these relationships can be used 
to make predictions and estimations, and has the added benefit of allowing us to view ongoing 
trends from a unique perspective. This is the domain of GIS (geographic information system) 
science, but looking at these issues from a more statistical perspective can also be rewarding.  
 
With this in mind, the purpose of this research will be to look at the relationship between 
population trends and the distribution of chain stores. In particular, the question of whether or 
not the distance from any one municipalities’ city of town hall to the nearest Starbucks can be 
used to predict the population density of that municipality will be examined. Considering that 
population density plays a major role in urbanization and urban planning, the question has 
significant potential real-world impact and application.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
II. Sampling Methodology 
 
In order to look at the question of whether distance from the nearest Starbucks tells us anything 
about population density in the United States, a valid representative sample of U.S. 
municipalities (cities, towns, townships, boroughs, and villages) must be drawn as the first step. 
To make this sample as representative and least variable as possible, stratification by state was 
performed. Given that the number of Starbucks locations per unit area in some states may be 
significantly more or less than in other states due to economic or social considerations, this 
stratification is valid and in the aggregate likely reduced variability.  
 
Each state was assigned proportional representation in the sample based upon its share of the 
total U.S. population; for example, California makes up 12.15% of the total U.S population 
according to the 2010 U.S. Census, so it was assigned 12 spaces in the sample. Then, on a 
state-by-state basis, the municipalities were numbered and a random number generator was used 
to randomly select the certain number of municipalities each state was allowed to have in the 
sample based on population proportions, as discussed previously. Repeats were ignored so that 
each municipality in the overall sample would be unique.  
 
Once the 98 municipality sample was obtained (because of rounding, the sample did not add to 
exactly 100), 2010 census data was examined in order to find the population and land area 
(square miles) for each of the sampled municipalities. Next, the population density (the number 
of people per square mile) for each municipality was calculated by dividing the population by the 
land area. 
 
Finally, the “Directions” functionality of Google Maps was used to find the distance, in miles, 
from each municipalities’ town hall, city hall, town office, or borough office to the nearest 
Starbucks coffeehouse. While using this functionality only “Driving” directions were enabled so 
as to remove results that did not rely on roads, like flying or walking.  
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III. Graphical Analysis 
 
The goal of this research is to understand the relationship between the distance from a center of 
municipal government (town hall, city hall, town office, or borough office) to the nearest 
Starbucks (this variable will be abbreviated to “Distance to Starbucks ”) and the population 
density in number of people per square mile (this variable will be abbreviated to “Pop. Density ”). 
Distance to Starbucks  is the explanatory variable (independent variable) whereas Pop. Density is 
the response variable (dependent variable; what we are predicting).  
 
Figure 1A, the scatter plot graph of Pop. Density  (y) versus Distance to Starbucks  (x), illustrates 
the relationship between the explanatory and response variable. However, a closer look at the 
scatter plot shows that there is reason to doubt the linearity of the relationship. Without 
approximate linearity, the Straight Enough Condition will fail and we will not be able to use the 
regression model or run regression slope tests or intervals. Examining the scatter plot of the 
residuals versus Distance to Starbucks  after regression is run (Figure 1B) confirms this 
suspicion: the residual scatter plot appears to have a trend (clumping occurs in that the residuals 
are much closer together at smaller values of Distance to Starbucks  than they are at larger 
values). This means that the Equal Variance Assumption is not met and we cannot proceed with 
regression inference. In order to address these problems, the data needs to be re-expressed, which 
we will do by taking the square root of the Pop. Density values. Figure 2A is the scatter plot of 
the re-expressed data, (Pop. Density )1/2 versus Distance to Starbucks , and appears to be more 
linear than the original scatter plot. Examining the residuals also shows that the re-expressed data 
is better suited for our purposes: the residual scatter plot (Figure 2B) doesn’t appear to show 
much of a pattern or trend, though caution is still necessary.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
FIGURE 2A 

 
 
 

  
FIGURE 2B 

 

 



 
IV. Checking the Conditions for Regression Inference 
 
Before proceeding, the conditions for inference must be met: 
 
1.Linearity Assumption: The scatter plot of  (Pop. Density) 1/2 versus Distance to Starbucks 
(Figure 2A) looks to be approximately or roughly linear. This means the Straight Enough 
Condition is met, which in turn means that the Linearity Assumption is met. 
 
2.Independence Assumption: The residual plot does not show much evidence of patterns, trends, 
or clumping, so the Random Residual Condition seems to be met. We should proceed cautiously, 
however, given that residuals at lower Distance to Starbuck values seems to be closer together 
than residuals at larger Distance to Starbuck values, which may be evidence of slight clumping. 
Despite this, we certainly do not have any reason to believe that residuals are not independent of 
each other: municipalities were randomly selected using valid methods, so the sampled 
municipalities probably aren’t related, making their values for the variables independent. 
 
3. Randomization: A stratified random sampling method was used, guaranteeing randomization.  
 
4.Equal Variance Assumption: As discussed above, the residual scatter plot of the re-expressed 
data generally shows no shape, trend, or form. There is some evidence of thickening and/or 
clumping but not enough for us for us to fail to meet this condition. The variation is generally 
constant, so we’ll proceed, albeit cautiously.  
 
5.Normal Population Assumption: The histogram of the residuals for the re-expressed data 
(Figure 3) regression appears to be nearly Normal. Additionally, with a fairly large sample size, 
we are generally confident that the Central Limit Theorem means that this assumption is met.  
 
Since the conditions for inference are met, a regression model can be used, as can regression 
slope t-tests and intervals. 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 

 
FIGURE 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



V.Hypothesis Test 
 
Hypotheses: 
 
H 0: 𝛃1 = 0  
There is no relationship between Distance to Starbucks  and (Pop. Density)1/2 : Distance to 
Starbucks  and (Pop. Density) 1/2 are independent .  
 
H a: 𝛃1 ≠ 0 
There is a relationship between Distance to Starbucks  and (Pop. Density) 1/2 : Distance to 
Starbucks  and (Pop. Density) 1/2 are associated.  
 

  
 
 
Figure 4 shows the scatter plot fitted with the LSRL. Table 1 shows the output for the t-test, 
including parameter estimates, r and R squared values, and standard errors.  
 
Since the p-value of < 0.0001 is less than the significance level of ⍺ = 0.05, the null will be 
rejected, meaning that there is sufficient evidence to conclude that Distance to Starbucks  and 
(Pop. Density) 1/2 are associated.  
 
 
 
 
 
 
 
 
 
 

 



FIGURE 4 
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VI. Conclusion 
 
The analysis shows that there is a relationship between Distance to Starbucks and (Pop. 
Density)1/2. However, it’s difficult to know exactly what the nature of this relationship is. It 
appears to be approximately linear, but we would want to draw at least several more samples of 
equal if not greater size and test them before reaching any definite conclusions. 
 
However, we can definitely say that as Distance to Starbucks  increases, (Pop. Density)1/2 
decreases. This makes logical sense; we’d expect smaller, more rural municipalities with few 
people per square mile to be farther away from a Starbucks because of the various lurking 
variables that we know impact the relationship. The first one of these would concern the market 
area of any individual Starbucks and the basic rules of supply and demand. If a Starbucks can’t 
draw in enough customers from the area surrounding it, it can’t turn a profit, and this makes 
places with less people per square miles less likely to have a nearby Starbucks. We also have to 
consider the differences in infrastructure between more densely populated, urban areas, and more 
rural areas. Densely populated areas almost always have better transportation infrastructure than 
less densely populated areas. This means that it costs more for Starbucks to open and ship 
products to a Starbucks in a rural, sparsely populated area than a urban, heavily populated area, 
again impacting the bottom line. Finally, we should consider how social and cultural 
distributions may affect where Starbucks are located. It’s possible that the cultural atmosphere in 
more heavily populated, urbanized municipalities is more conducive to and supportive of coffee 
drinking and/or going to coffeehouses than the cultural atmosphere in rural areas.  
 
In short, the distance from a center of municipal government to the nearest Starbucks does seem 
to tell us something about the population density of the area. The extent to which Distance to 
Starbucks  is a valid estimator or predictor of (Pop. Density) 1/2 is difficult to estimate from just 
this one sample, but that doesn’t mean that we should ignore the underlying relationship. We 
should also think about what the relationship means in a real-world context beyond prediction. 
There are various theories concerning how services and industries are spatial distributed in the 
social sciences, and our relationship could be interpreted in the context of any one of them with 
varying degrees of success. In particular, the relationship discussed here seems to fit well with 
Walter Christaller’s Central Place Theory, which (to simplify) postulated that large cities tend to 
contain most of the services and “draw in” people from nearby settlements, which in turn contain 
some services that draw in people from more rural settlements, and so on. This means that 
services tend to be clustered in cities, something that supports our analysis, as we concluded that 
the services Starbucks provides tend to be much more easily available in densely populated 
places. 
 
 

 



 
 
VII. Possible Sources of Error 
 

1. Google Maps may not have every Starbucks in the United States registered in its system, 
which may have increased the Distance to Starbucks  for some municipalities artificially.  

2. The Google Maps algorithm generally finds the shortest route, but may sometimes fail to 
do so, which would have also artificially inflated the Distance to Starbucks. 

3. Google Maps may not always give completely accurate mile readings. 
4. The sample size could have been larger to reduce variability, perhaps eliminating our 

need to re-express the data and making the relationship more clearly linear. 
5. Potentially there could be some exclusion of unincorporated communities, leading to 

undercoverage.  
6. Using Google Maps to find the distance may have, in some cases, inflated Distance to 

Starbucks  because Google Directions takes into account traffic, time of day, etc. to some 
degree when calculating optimal routes. This could lead to a faster route being picked 
over a shorter route, especially near or in large cities during peak traffic times.  

 
 
VIII.Future Research 

1. With more time and funds, we could run a large sample and could use the information 
Starbucks offers about its store locations to cross-reference with Google Maps, producing 
more accurate data 

2. Other applications: We could compare the distributions of Starbucks across the United 
States to that of other chains stores, like McDonald's. We could see if the relationship we 
investigated here still holds true outside the United States, and, if it differs, in what way.  

 
 
IX. Note on Sources 

In order to draw the sample, I utilized U.S. census data from 2010. I used sites like 
www.factfinder.census.org and www.census.org to compile lists of municipalities by state. Then 
I followed the sampling methodology described in part II to draw my sample. Next, I used the 
same sites (www.factfinder.census.org and www.census.org ) to find out the land area and 
population for each municipality. From these two quantitative variables I calculated the 
population density, my response variable, by dividing the population for each municipality by 
the land area for each municipality.  

 

http://www.census.org/
http://www.census.org/
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