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Abstract. Increased access to the stock market leads to a growing interest in
investing and an increase in the number of new investors. However, investing
in the stock market involves risks and requires good preparation and analysis. To
protect and grow their investments, investors should carefully analyze the company
they plan to invest in. Our paper aims to develop a model for predicting financial
indicators from companies’ business reports based on data analysis and machine
learning using Python programming language.

Tasks of our research contain the collection of historical data from business
reports or financial databases, data cleaning, and feature selection of relevant
explanatory variables (such as net income, price-to-earnings ratio, total equity,
operating margin, and gross margin) to predict the dependent variable (mar-
ket price per share). Random Forest outperformed Multiple Linear Regression
in predicting stock prices, displaying lower RMSE (9.53), Deviation Percentage
(34.61%), and higher R-squared (97.22%).

The Deviation Percentage of 34.61% may seem relatively high, suggesting
that there is still room for improvement in the model’s precision in predicting
stock prices accurately. It is essential to consider other factors that might affect
stock prices beyond the selected financial indicators.

The conclusion emphasizes the importance of considering additional market
factors, such as competition, economic conditions, and industry changes when
making investment decisions. Although the random forest model is an effective
tool for analyzing the dependence of stock prices on various variables, it does
not account for all factors affecting stock prices. Therefore, investors should use
market analysis to make the correct investment decisions.
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1 Introduction

In today’s world, the stock market is becoming increasingly popular. This is due to
several factors, including the increased accessibility of the market for ordinary users.
Nowadays, anyone in the world can easily purchase shares of any company. It is only
necessary to open an account with a brokerage firm. Currently, some of the most popular
brokerage firms for regular users are Interactive Brokers [1] and Robinhood [1]. Both
applications provide broad access to the stock market and other financial instruments,
including ETFs, bonds, and more. Based on statistics on Robinhood usage [2], we can
see that over 15 million people use trading platform.
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Increased access to the stock market leads to a growing interest in investing and
an increase in the number of new investors. However, investing in the stock market
is not without risks and requires good preparation and analysis. To protect and grow
their investments, investors must carefully analyze the company they plan to invest in.
Speaking of the US market, currently one of the largest markets in the global econ-
omy, all public companies in this market are regulated by the Securities and Exchange
Commission (SEC), which requires companies to submit quarterly reports on their busi-
ness; these reports are called Form 10-K [3]. These reports are public and available for
investors and analysis, and based on the data provided in these reports, one can assess
the state of affairs in the company, how well their business is going, and make decisions
accordingly.

In this paper, we will discuss the possible use of Python and its tools for automating
the extraction of key data from companies’ quarterly reports (10K) and methods of
predicting them based on historical indicators. We will also find relationships between
stock prices and critical indicators. Thus, the goal of this paper is to find the relationship
between stock prices and critical indicators based on business reports to predict stock
prices for investment decisions.

The paper has the following structure: Sect. 2 considers literature reviews; Section 3
describes general financial ratios used for the analysis model; Section 4 demonstrates a
data analysis methods and their implementation; the conclusion is the last section.

2 Related Works

In the field of financial data analysis and financial indicator forecasting using machine
learning and data analysis methods, numerous studies have been conducted. We will
consider some of them in this section.

Zanc et al. [4] investigated the application of deep neural networks for financial
market forecasting, they used the stock index with exchange rate data and demonstrated
that deep neural networks allow for high accuracy in forecasting. Wasserbacher et al.
[5] explored the application of machine learning methods for analyzing and predicting
financial data. Their research used company stock data and showed that machine learning
methods could be effectively used for financial indicator forecasting. Doryab et al. [6]
examined the application of regression analysis for predicting investment returns. In
their research, they used company stock return data and demonstrated that regression
analysis could be effectively used for investment return forecasting. Snihovyi et al. [7]
predicted cryptocurrency prices using different ML algorithms. All these studies show
that machine learning and data analysis methods can be effectively used for financial
indicator forecasting. In contrast of previous researches, in this paper, we will apply
these methods for analyzing financial data and predicting financial indicators based on
business reports.

Mushtagq et al. [8] employ Natural Language Processing (NLP), a subdomain of Al,
to predict the sentiments while analyzing 3729 annual 10-k financial reports of S&P
500 companies over the 2002-2019 years. They disclosed that there is no significant
association between the firm’s financial performance indicators and 10-ks positivity [8].
‘We believe that the more reports, the less correlation between 10-k reports and financial
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indicators, because stock markets react more strongly to negative results of reports than
positive ones as described by Huang et al. [9].

A firm’s annual reports help investors decide about the company’s stocks. As a rule,
investors analyze financial data to predict stock prices and future returns, volatility, and
risks. At the same time, financial performance indicators may affect the massive text of
the company’s 10-k report.

10-k reports are a signal that can disclose the positive performance of the company,
using complex and obfuscation narratives [10]. At the same time, financial indicators
can reveal actual state of the company without manipulation from the sides of agents
(executives) who try to save the company’s positive image and their own positions in
the company. Cohen et al. [11] revealed that 10-k reports are relevant for the firm’s
financial indicators, such as future earnings, profitability, and news announcements, and
can predict firm-level bankruptcies.

A regression model with explanatory financial and control variables can measure their
impact on dependent variables (e.g., positive or negative news as a qualitative variable,
price of the stock as a quantitative variable, etc.) [8]. Among financial indicators, existing
research contains return on assets (ROA), return on equity (ROE), Tobin’s Q (TQ), and
return on invested capital (ROIC). Control variables of the company consist of firm
size, firm’s assets tangibility, liquidity, financing needs or deficit, and financial leverage.
Investors have different risk profiles that defines their propensity to different FI [12].
Clusters can combine investors with identical preferences who are interested in same
business reports [13]. Neural networks are used to predict stock prices based on big data
[14].

Our model includes quantitative variables, both dependent and explanatory ones.
Our study, in contrast to existing ones, reveals only a statistically significant explanatory
variable for the stock’s price change 10-k report to reveal the direction of changes using
10-k reports and data analysis with API. After data analysis, stock price forecasts can be
made based on only non-multicollinearity explanatory variables from the 10-k report,
not all financial metrics of the report.

3 Financial Ratios of 10K Report

A 10-K Report is a report that companies registered in the United States and traded on
American stock exchanges should submit to the United States Securities and Exchange
Commission (SEC). The 10-K report contains detailed information about the company’s
financial condition, operations, management, risks, and strategy.

The 10-K report includes the following information:

1. Financial Statements: Financial indicators such as balance sheet, income statement,
cash flow statement, and statement of changes in equity.Business overview: A descrip-
tion of the main aspects of the business, including products, services, industry,
geographic markets, and major competitors.Risk factors: An analysis of potential
risks that could negatively affect the company’s performance, including competition,
regulatory risks, and technological changes.

2. Management’s Discussion and Analysis (MD&A): The company’s analysis of its
financial results, strategy, plans, and factors that could impact future results.
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3. Corporate governance: Information on the company’s board of directors and executive
officers, as well as information on their compensation, stock holdings, and stock
options.

4. Security ownership and additional expenses: A description of the shareholder capital
structure, including various classes of shares and shareholder rights.

5. Legal proceedings: Information on any significant legal proceedings in which the
company is involved.

6. Tax matters: A description of the company’s tax obligations and any potential tax
issues that may arise.

7. Significant agreements and contracts: A description of significant contracts and
agreements that may be material to the company’s business.

In the 10-K Report, vital financial indicators provide information about the com-
pany’s financial condition and performance. These indicators are divided into sev-
eral financial statements, such as the balance sheet, income statement, and cash flow
statement.

The Income Statement, also known as the earnings report or the statement of per-
formance, is a summary of a company’s revenues and expenses for a specific period of
time, usually a year or a quarter. It shows how the company converts revenue from the
sale of goods and services into net profit, considering all expenses.

Here are the main sections and items of the Income Statement:

1. Revenue: Income from the sale of goods or services. Revenue can also be referred to
as sales or turnover.

2. Cost of Goods Sold (COGS): The costs of producing or purchasing the goods or
services that the company sells. COGS includes materials, labor, and overhead costs
for production.

3. Gross Profit: The difference between revenue and cost of goods sold. Gross profit
shows how much a company earns after paying its direct costs for producing goods
or services.

4. Operating Expenses: Costs of managing the company that is not related to producing
goods or services. Operating expenses include employee salaries, rent, advertising,
depreciation, research and development, and other non-production costs.

5. Operating Income: The difference between gross profit and operating expenses. Oper-
ating income shows how much a company earns from its core business, excluding
interest and taxes.

6. Interest and Other Financial Expenses: Costs of interest on debts and other financial

expenses, such as fees for servicing debts.

. Income Tax: The amount of taxes the company must pay on its income.

8. Net Income: Reflects the final profit after accounting for all revenues, expenses,
interest, and taxes for a specific period of time, usually a year or a quarter. Net
income is used to determine the success of a company and its ability to generate
profits for shareholders.

3

The balance sheet is a snapshot of a company’s financial position at a specific date.
It includes assets (what the company owns), liabilities (what the company owes), and
equity (the difference between assets and liabilities). The balance sheet consists of the
following sections:
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. Assets: These are divided into current assets (e.g., cash, accounts receivable,

inventories) and long-term assets (e.g., equipment, real estate, intellectual property).
Liabilities: These include current liabilities (e.g., accounts payable, short-term debt)
and long-term liabilities (e.g., borrowed funds, pension obligations).

Equity: This is the sum of funds invested by shareholders and the company’s
accumulated earnings.

Cash Flow Statement: This report shows how a company generates and uses cash over
a specific period of time, typically a year. It details changes in cash and cash equivalents,
divided into three main categories:

1.

Operating Cash Flow: reflects the net cash flow generated from the company’s core
activities, such as selling goods and services, paying suppliers, employee salaries,
and taxes. Positive operating cash flow indicates that the company is successfully
converting its profits into cash.

. Investing Cash Flow: reflects cash flows related to investments in long-term assets,

such as the purchase or sale of equipment, real estate, intellectual property, shares
of other companies, and debt instruments. Negative investing cash flow may be
associated with investments in the company’s growth and development.

Financing Cash Flow: reflects cash flows related to the company’s financing, including
the issuance and repayment of shares and debts, payment of dividends to shareholders,
and other financing-related operations. Negative financing cash flow may indicate the
repayment of debts or dividends.

Based on data from this report, we can calculate the next important financial ratios
(Table 1):

Table 1. Financial metrics of companies’ 10-K reports

Financial metric and signals Definition Formula

Gross Margin Presents how many GrossMargin = (Revenue —
Positive signal for stock price: | percentage points of CostofGoodsSold) |Revenue

the higher demand for the revenue remain after
company’s stock the more deducting costs related to
metric and share price the production or sale of

goods and services

Operating Margin Shows how many OperatingMargin =
Positive signal: the more profit | percentage points of profit | OperatingIncome /Revenue

per dollar of sales revenue the | a company receives from
higher metric its operating activities,

after deducting costs
related to production,
sales, administrative
expenses, and taxes

(continued)
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Table 1. (continued)

Financial metric and signals

Definition

Formula

Net Profit Margin

shows how much profit a
company earns in net
terms after deducting all
expenses, including taxes
and interest on debt, as a
percentage of its revenue

NetProfitMargin =
(NetProfit /| Revenue) * 100%

Current Ratio

Small positive or negative
signal: the higher metric the
more confidence of investors
or more cash which is not used
effectively

assesses a company’s
ability to meet its current
liabilities based on its
current assets

CurrentRatio =
CurrentAssets/CurrentLiabilities

Debt-to-Equity Ratio
Positive signal: the lower level
of debt the lower metric

compares a company’s
total debt to its total equity

DebttoEquityRatio =
TotalDebt  Total Equity

Return on Assets (ROA)
Positive signal: the higher
profit the more metric

measures how efficiently a
company uses its assets to
generate profit

ROA = NetIncome [ TotalAssets

Return on Equity (ROE)

measures the amount of
net income a company
generates as a percentage
of the total amount of
equity invested by
shareholders

ROE = Net Income /
Shareholders’ Equity

Earnings per Share (EPS)
Positive signal: the more
metric the more earnings

measures the amount of
profit a company
generates on a per-share
basis

EPS = Net Income/Outstanding
Shares

Price-to-Earnings Ratio (P/E)
Positive or negative signal: if
metric increases then share
price rises or stock will
overvalued

compares a company’s
stock price to its earnings
per share

P/E Ratio = Market Price per
Share/Earnings per Share

Price-to-Book Ratio (P/B)

compares a company’s
market price per share to
its book value per share

P/B Ratio = Market Price per
Share/Book Value per Share
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4 Data Analysis

We obtained historical data for the past 20 years (1997-2022) for Amazon Inc. [15]
using a third-party service called Financial Modeling [16], which stores and provides
annual and quarterly reports of companies through an API (Fig. 1). From this data,
we extracted essential metrics such as Revenue, Cost of Revenue, Operating Income,
Net Income, Current Assets, Current Liabilities, Total Debt, Total Equity, Shareholders
Equity, Outstanding Shares, Market Price per Share, Earnings per Share, and Book Value
per Share.

Using Python, we manipulated this data and created a quarterly dataset (Table 2).
We analyze this dataset and identify relationships between stock price and financial
indicators extracted from the quarter report using random forest and multiple linear
regression algorithms.

We selected two algorithms to compare their performance, predicting stock prices
based on financial indicators extracted from business reports. Random Forest uses mul-
tiple decision trees to make accurate predictions, preventing overfitting by averaging
the results. Multiple linear regression analyzes the impact of various variables on stock
prices. Comparing these algorithms will help us assess each variable’s contribution to
explaining stock price changes (Fig. 2).

Dynamics of market price, 1997-2022
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Fig. 1. Dynamics of market price per share for Amazon, Inc., 1997-2022

Therefore, before using multiple linear regression to analyze the relationship between
stock prices and various variables, it is necessary to check for multicollinearity and ensure
this phenomenon is absent in the data. If multicollinearity is detected, measures such
as removing one of the explanatory variables or using Farrar—Glober algorithm may
be taken to eliminate it. To remove correlated variables, we calculated the correlation
coefficients between the independent variables, as shown in Fig. 3. Then, we set a
correlation threshold of 0.8 and removed variables that were highly correlated.
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Table 2. Summary statistics

Variable Min Q1 Median | Mean Q3 Max
market_price_per_share,$ |0.0771 | 1.98537 6.0945 |30.5576 |36.2091 172.01
Capitalization, bln $ 0.2341 | 16.36 54.35 299.3 343.1 1737
revenue, bln $ 0.016 1324 6917 26.09 33.46 149.2
cost_of_revenue, bln $ 0.0118 | 0.9969 5.428 20.99 25.98 129.6
operating_income, bln $ -0.544 10.011337 |0.173 0.99599 |0.72225 8.865
net_income, bln $ -3.844 |-0.00951 |0.0975 |0.7847 0.3109 14.32
current_assets, bln $ 0.009 1.497 8.041 28.72 35.83 161.6
current_liabilities, bln $ 0.009 |0.9201 5.222 26.61 33.6 155.4
total_debt, bln $ 0 1.258 2.145 17.84 8.252 140.1
total_equity, bln $ -1.478 10.03518 |5.438 20.17 16.85 146.0
shareholders_equity,bln $ | -1.478 |0.03518 |5.438 20.17 16.85 146.0
outstanding_shares bln $ | 0.9324 | 8.269 9.080 8.478 9.67 10.33
earning_per_share -0.60 -0.00452 |0.0101 0.0704 0.034942 | 1.4105
book_value_per_share -0.199 |0.0118 0.5988 | 2.0054 1.7423 14.333
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Fig. 2. Histogram of market price per share for Amazon, Inc., 1997-2022

After analyzing for correlation, we removed the correlated explanatory vari-
ables: earning_per_share, total_debt, total_assets, net_profit_margin, return_on_assets,
price_to_book_ratio. We also removed three additional variables: debt_to_equity_ratio,
current_ratio, and return_on_equity. We observed that after removing these variables,
the deviation percentage for our model improved significantly. The improved deviation
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percentage indicated that the model’s predictions were closer to the actual stock prices.
And now we only have 5 independent variables: net_income, price_to_earning_ratio,
total_equity, operating_margin, and gross_margin. To build multiple regression and ran-
dom forest models, we used the sklearn library and pandas to create a dataset based on
the previously processed data.

net_income ... price_to_book_ratio
net_income 1.000000 ... 0.045761
total_equity 0.600405 0.069058
total_debt 0.590331 0.060904
total_assets 0.60859%94 0.071829
gross_margin 0.122052 0.056929
operating_margin 0.245492 0.069011
net_profit_margin 0.294221 0.075584
current_ratio 0.172363 0.091200
debt_to_equity_ratio 0.039714 0.995438
return_on_assets 0.245485 0.047480
return_on_equity 0.056283 0.124220
earning_per_share 0.962601 0.040639
price_to_earning_ratio 0.019554 0.008598
price_to_book_ratio 0.045761 1.000000

Fig. 3. Correlation analysis for explanatory variables

We split the original dataset into training and testing subsets to train the model and
evaluate its performance. We followed a commonly used approach where the data was
split in an 80:20 ratio, where 80% of the data was used for training the model, and
the remaining 20% was used for evaluating its performance. It helped us estimate the
accuracy and robustness of the model on new data and prevent overfitting. The dataset
splitting into training and testing subsets was performed using the “train_test_split”
function in the sci-kit-learn library. The code is shown in Fig. 4.

We used RMSE, Deviation Percentage, and R-squared to compare our models. RMSE
measures accuracy, Deviation Percentage measures relative error, and R-squared mea-
sures how well the model fits the data. Together, these metrics provide a comprehensive
assessment of the model’s performance, because they are interpretable, evaluated thor-
oughly, and capture different aspects of prediction accuracy and model fit. Overall, they
allow us to evaluate and communicate the effectiveness of our models in predicting stock
prices. The results of our models are shown in Table 3.
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df = pd.read_csv('data_AMZN/AMZN_v4.csv')
columns = ['price_to_earning_ratio', 'total_equity', 'gross_margin',
‘operating_margin', 'net_income']
x = df[columns]
y = df['market_price_per_share']
x_train, x_test, y_train, y_test = train_test_split(
X, y, test_size=0.2, random_state=42
)
linear_model = LinearRegression().fit(x_train, y_train)
forest_model = RandomForestRegressor(random_state=42).fit(x_train, y_train)
linear_predictions = linear_model.predict(x_test)
forest_predictions = forest_model.predict(x_test)

def calculate_deviation_percentage(actual, predicted):
deviation = predicted - actual
return (deviation / actual) * 100

def calculate_metrics(actual, predicted):
rmse = mean_squared_error(actual, predicted, squared=False)
r_squared = r2_score(actual, predicted)
return rmse, r_squared

results = pd.DataFrame(columns=['Algorithm', 'RMSE', 'Deviation Percentage', 'R-squared'])
algorithms = {
‘Linear Regression': linear_predictions,
'Random Forest': forest_predictions,
}
results = []
for algorithm, predictions in algorithms.items():
rmse, r_squared = calculate_metrics(y_test, predictions)
deviation_percentage = calculate_deviation_percentage(y_test, predictions)
average_deviation_percentage = sum(deviation_percentage) / len(deviation_percentage)
results.append(
[algorithm, rmse, f"{average_deviation_percentage:.2f}%", f"{r_squared *
100:)2f}%"]
print(tabulate(results,
headers=["Algorithm", "RMSE", "Deviation Percentage", "R-squared"]
tablefmt="psql', numalign='center'))

Fig. 4. Estimation of selected algorithms

Table 3. Coefficient comparison

Model

RMSE Deviation Percentage R-squared

Linear

Regression 27.87 394.24% 76.22%

Random Forest 9.53 34.61% 97.22%
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Based on the evaluation results, the Random Forest model predicts stock prices using
financial indicators better than the Linear Regression model. The Random Forest model
has a lower RMSE of 9.54 (compared to 27.87 for Linear Regression) and a Deviation
Percentage of 34.61% (compared to 394.24% for Linear Regression), which means it
has better predictive accuracy and fewer prediction errors. Additionally, the Random
Forest model has a higher R-squared value of 97.22% (compared to 76.22% for Linear
Regression), indicating that it has better overall explanatory power in capturing the
variability in stock prices. However, caution should be exercised in overestimating the
model, as additional factors may also affect the result. We can distinguish direct (Fig. 5)
and polynomial (Figs. 6-7) dependences among market price per share and significant
explanatory variables.

Market price per share and total equity
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Fig. 7. Market price per share and net income (direct and polynomial dependences)

5 Conclusions

Based on the study, we can conclude that several factors, including total equity, gross
margin, operating margin, price-to-earnings ratio, and net income, influence the market
price per share. Taking into account the comparison of the two models, Random Forest
exhibited superior performance in predicting stock prices compared to Multiple Linear
Regression. It achieved significantly lower values for both RMSE (9.53) and Deviation
Percentage (34.61%), indicating improved accuracy and reduced prediction errors.

Furthermore, the Random Forest model demonstrated a higher R-squared value of
97.22%, highlighting its exceptional explanatory power. This means that the financial
indicators utilized in the model, making it a more reliable, can explain around 97.22%
of the variability in stock prices and effective approach for understanding the underly-
ing patterns influencing stock prices. The Deviation Percentage of 34.61% may seem
relatively high, suggesting that there is still room for improvement in the model’s preci-
sion in predicting stock prices accurately. While Random Forest outperformed Multiple
Linear Regression, it is essential to consider other factors that might affect stock prices
beyond the selected financial indicators.

Overall, the study results showed that Random Forest is an effective tool for analyzing
the dependence of stock prices on various variables. However, it is essential to note that
our model does not account for all factors affecting stock prices, so investors should use
market analysis to make the correct investment decisions.
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