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Abstract: It is well known that the size of initial loans approved by private lending agencies (banks, credit
unions etc.) corresponds with the median income of the location of the individual, it also corresponds with
gender. We wanted to show if it was the case with the PPP. We use standard machine learning techniques such
as Lasso and found statistically significant association between gender of business owner and size of initial
loan approvals for the State of Arkansas, and Least Squares Regression and Decision Tree regression to find a
somewhat tenuous relationship between median income and initial loan approval amount and finally a strong
association with the size of business. This has important applications for the equity of access to credit for
marginalized peoples.
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1. Introduction

During the COVID-19 pandemic, the US Government undertook a series of loans to help small
businesses stay afloat called the Paycheck Protection Plan, PPP [1] To qualify, businesses had to be
among other things, sole proprietors, independent contractors, self-employed persons, nonprofits,
veteran’s organizations, or tribal businesses. This resulted in over half a trillion dollars in loans
disbursed by mid 2020 [2]. It is estimated however that 75% of the funds went to the top 25% of
households [3,4] Indeed, the disparity in the distribution follows well known trends that one’s race,
gender, and income adversely affect one’s ability to access credit [5-7].

We wanted to find out if the story was repeated for the State of Arkansas, i.e., all else being equal
does gender, race and economic position affect the size of the initial approval amount of PPP loans.
Our method differs from that employed by Demko & Sant’Anna [2021] in that we fix for rural and
urban businesses by first discretizing the data at the zip code level, the running assumption being
that income disparities within a zip code are mostly negligible. We also differ from the analysis of
Autor, Cho, Crane et. al. [2022] in that our analysis is focused primarily on the State of Arkansas and
we are more focused on race, gender, and median income of recipient zip codes. We will perform
four separate analyses. We will perform a linear and decision tree regression to show that in zip codes
with higher median incomes the initial approval amounts of loans is higher. We see a weak
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correlation, but we emphasize that it is expected, because businesses in richer neighborhoods are
expected to have higher payroll costs and overhead, and in this regard, we also deviate from Demko
and Sant’ Anna [2021].

We notice that larger initial approval amounts are strongly correlated with the size of business,
again this seems fair, and weakly with median income of zip code. Unfortunately, with a lasso
regression method, adjusting for zip codes, and adjusting for business size (in number of employees)
we see a stark difference in the initial size of loans approved for women, and minority owned
businesses.

2. Exploratory Data Analysis in Arkansas

Our data, collected from the Small Business Administration consists of loans spanning March
2020 to approx. December 2021. Data for the relevant State of Arkansas consisted of eleven million
such loans, which when plotted shows a large density of loans in Pulaski County, of which Little
Rock is the county seat, and near Memphis, and far less density of loans in the regions that are the
Ozark National Forest.

Figure 1. Number of PPP Loans per one thousand people by Zip Code. Darker shades are higher
amounts.

3. Gender Trend in Arkansas

Our median income data came from census.gov website. After wrangling we end up with a
dataset of about eleven million rows. This is interesting and the authors’ best guess is that it includes
multiple loans given to individuals, loans given to businesses and individuals and such. Data were
combined to zip codes (we have 555 zip codes for Arkansas), and business size (number of
employees). Our predictors are Gender, Business Size, Median Income of Zip Code, with data being
predicted as Initial Loan Approval Amount. We use Lasso Regression for less computational
overhead, which looks to minimize:

|lbe — xp = yI|. + 1Bl

We choose this as we expect some degree of multicollinearity, we also chose a beta. We note that
all else being equal, which in this case means within the same zip code and within business of the
same size (number of employees), businesses owned by women tended to receive smaller Initial Loan
Approval Amounts. In fact, we received an R value of 0.711 showing that a large predictor of the
loans were gender and business size. Our F-statistic also show the same. In the next section we will
see that business size is THE indicator for loan size.
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Our beta values say that on average women receive about $10000 less. Note that this represents
an average, and it is also interesting to note that women-owned businesses, in general, tend to be
smaller than men-owned businesses [8,9].

4. Trends at the National Level

We perform two separate analyses of median income versus size of loans at the national level,
one a simple linear regression and the other a decision tree regression, as we expect a not so
straightforward linear relationship, and potential noise especially at the level of the entire country.

We do the same two analyses with business size versus initial loan approval amount. A first
exploratory data analysis shows surprisingly refreshing trends. The largest proportion of loans went
to Accommodation and Food Services, Construction, Health and Social Assistance, and Professional,
Scientific and Technical Services, with NAICS codes, 72, 23, 62, and 54 respectively, and the least
number going to Public Administration, Management of Companies and Enterprise, and Ultilities
with NAICS codes 55, 92, and 22 respectively.

We also notice that the least amount of dollar loans per capita happen in typically poorer states
(in terms of GPD per capita), for instance Mississippi, Alabama, Arkansas, Oklahoma, and New
Mexico. This is expected again, because of easier overhead in meeting payroll (lower minimum wage)
and overall smaller costs of running a business [10].

One anomalous state here happens to be North Dakota. Per Capita North Dakotans received
more money in loans that even states with more economic activity such as Texas, California, and New
York. The authors are unsure why this is the case but hypothesize that this could be a product of the
high number of gas extraction businesses in the region. A similar argument could be made for the
District of Columbia where in 2013 it was estimated that the population of D.C. swelled by 79% due
to commuters commuting from outside the district [11]

899 1,344 1,790 2,235 2,680 3,125 3,570
]
Doliar loans per capita

Figure 2. Loan Dollar Amount Per Capita.

5. Median Income Vs Loan Approval Amount

We notice that in talking about business sizes there are “whales”, that is, extremely large
businesses that took in loans more than $250,000. We filtered our data to include businesses that took
in between two standard deviations of the mean, 96% of the data. This allows the explanation for the
largest amount of data without compromising the model with excessively large loans.
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We notice a weak correlation with a correlation coefficient of R= 0.19, showing a rather weak
correlation, even by the standards of such messy data. In fact, the idea of a linear correlation between
zip code and median income data has poor explanatory power with an R2=0.04. However there really
is a statistically significant relation with a p-value <0.001.

To evaluate the hypothesis that relation might be non-linear and to reinforce what we have, we
also try a decision tree regression model with similar results as indicated in the table.

Correlation R?-score p-value Error estimates
coefficient
Simple Linear 0.19 0.04 < 0.0001 Mean Absolute
Regression Error = 23225, after
10-fold Cross-
validation
Decision tree regression. 0.19 0.05 < 0.0001 Mean Absolute

Percentage Error =

0.55, after one run.

While this is not a direct contradiction of Hopkins, Johnson, and Rebala [2020] for the Center for
Public Integrity, or in fact the analysis Sweikhart and Borawski [2021] for the Federal Reserve Bank
of Cleveland, it seems to indicate that the relationship between poorer neighborhoods and the
amount of loans they received is much more complicated than a simple “poorer places get smaller
loans”. A complex interplay between economic position and access to credit is to be expected from
the literature.

In future analysis the authors seek to tease out the exact relation between median income and
size of loans. A significant hurdle exists in that the PPP loans are at a resolution of the zip code level,
while demographic and economic data, mainly from the US Census are at the level of census tracts.
Conversion between the two is non-trivial but possible.

6. Business Size Versus the Size of Loan Approval Amount

We expected the same dynamics to play out on a national level as it did for the State of Arkansas.
Namely that the overwhelming explanatory power of the size of the loan approval amount comes
from the business size. This is indeed desirable as it suggest a fairer distribution of funds, that
businesses that needed larger loans the most (larger businesses) tended to receive said larger loans.
Larger firms, not only have larger payrolls but also have much more sophisticated cost structure and
complexity [13]

We see a strong correlation between firm size and size of loan approvals with a correlation
coefficient of 0.79. Backed up with an R?-score of 0.63. A statistically significant correlation exists
with a p-value of less than 0.0001. We repeated the analysis with a decision tree regressor, and
comparable results were reached.

This also tracks with the idea that larger firms are better able to justify their PPP loans, and in
fact possibly have fiscal staff who can be put to work in getting said loan. This is a confounding factor,
as the presence of fiscal staffs gives firms a better edge over smaller firms in getting loans than simply
by their size alone. More research needs to be done in this area.
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5
Correlation R?-score p-value Error estimates
coefficient
Simple Linear 0.79 0.63 < 0.0001 Mean  Absolute
Regression Error = 36000, after
10-fold Cross-
validation
Decision tree regression. 0.79 0.64 < 0.0001 Mean Absolute

Error = 38000, after

one run.

This also adds to a list of advantages that larger firms have over small firms, namely economies
of scale, access to better capital, and now more favorable loans from the PPP. However, despite this
smaller firms in US have shown surprising resilience. This is mainly in the adaptation of businesses
to be less touch-focused, shifting to mainly or exclusively delivery, and in some cases pivoting the
entire business [14]. Smaller size adds a nimbleness and flexibility that larger firms may not be able
to match.

7. Conclusion and Future Work

The coronavirus was a once in a generation event. Its impact is to be expected for decades to
come. While the medical aspects of the virus, vaccine politics, the need for basic skepticism of online
content, have been emphasized in popular media, not as much has been emphasized about the
economic, and demographic, the so called “second order” effects of the pandemic.

More research is needed to quantitatively tease out the relation between one’s economic
circumstances and the access to PPP Loans. The authors are working on a more sophisticated model
for this relation and this report is still a work in progress. The authors also seek to see the interplay
between different predictors such as race and urban/rural indicators and the size of the loans received.
There is ample research on the relationship between, for instance one’s race and access to credit, and
it is worthwhile to investigate this relation vis-a-vis the PPP loans.

Finally, future work is to be expected on the economic impact of the CARES Act, with the
counter-factual that had the CARES loans not been given, how much would the economy suffer, was
the $2.2 trillion spent on the act “worth it”. However, data for this not as straight-forward to obtain
as is the case with PPP Loans.

A large and emerging consensus is arising in the literature of marrying the tools of data science
to societal and broad-based issues. Our current ability for processing truly large-scale data enables
us to reach quantitatively new conclusions than was possible within earlier eras. This access to data,
and the computing resources to parse the data for the average researchers means that the future of
social and human sciences is squarely the domain of data science.
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