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Abstract

This research examines how COVID-19 vaccinations impact the accuracy of machine-
learning models in forecasting the Tehran Stock Exchange's Pharmaceutical Companies Index.
The study analyses daily vaccination and stock data during the pandemic using statistical and
linear regression models. Results reveal a negative correlation between vaccinations and the
stock index. Two regression models were developed, one with vaccination data and one
without. Although both models fit the training data well, the latter performed significantly
better on the test set with lower errors. This suggests that vaccination data does not enhance
the predictive ability of the regression model for the stock index during the pandemic. In fact,
excluding vaccination data leads to better predictive performance. Therefore, accelerating
vaccination programs could aid in the stock market recovery. However, avoiding vaccination
data as an input feature for machine learning models forecasting this pharmaceutical stock
index is advisable.

Keywords: Covid 19, Stock market prediction, pharmaceutical industry index, Machine
learning

1. Introduction

During volatile periods, investors and policymakers must predict stock
market indices accurately. However, existing machine learning models for stock

index prediction have limitations, such as overfitting and poor performance on out-
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of-sample test data. In order to improve these models, some have suggested
incorporating additional explanatory variables, such as COVID-19 vaccination data.
However, how vaccination data affect the predictive ability of machine learning
algorithms for stock market prediction is still being determined. This study aims to
investigate the impact of including COVID-19 vaccination data as an input feature
on the performance of linear regression models for predicting the Pharmaceutical
Companies Index of the Tehran Stock Exchange during the COVID-19 pandemic.
The study has three objectives: 1) analysing the correlation between vaccination
data and the index, 2) comparing the performance of regression models with and
without vaccination data as a feature, and 3) determining if incorporating
vaccination data improves the predictive ability and out-of-sample accuracy of the
models. Data on daily stock market activity and COVID-19 vaccination counts
during the pandemic were collected and analysed. Two linear regression models
were trained, one with total vaccinations as a feature and one without it. The models
were evaluated and compared based on their training and test sets' performance This
study aims to investigate whether incorporating vaccination data into machine
learning models can improve their accuracy in predicting stock market indices
during the COVID-19 pandemic. The stock market plays a crucial role in the
economy, allowing companies to obtain capital and investors through ownership
distribution and income potential. Due to the spread of the Coronavirus,the markets
worldwide, including the stock market, experienced fluctuations. Sectors such as
transportation and tourism were heavily affected, resulting in losses for
shareholders. However, controlling the spread of the Coronavirus through
vaccination can increase production and sales activities, ultimately helping stabilize
prices. The study focus on the Pharmaceutical Companies Index to study the impact
of vaccination over the healthcare industry. The healthcare sector's importance is
evident, and governments have always aimed to expand the healthcare network in
their country. With the Coronavirus pandemic, many people have sought different
medicines and insurance, resulting in increased demand. However, as the spread of
the virus decreases, these industries may become less prosperous. The drug
production industry is an example of progress in the healthcare field, separating
leading countries from others and contributing to economic growth. Companies

involved in drug production and distribution or investing in this area are classified
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in this group. The study conducts an exploratory data analysis, statistical analysis,
and machine learning regression analysis to study the effects of vaccination on this
group daily [1-4]. Exploratory Data Analysis (EDA) involves collecting and
summarizing available data using different analysis methods. By examining the data
visually and through statistical reports, what is happening in the desired data set and
what to expect is understood. This knowledge helps in choosing appropriate data
mining and analysis methods and have reasonable expectations. EDA is any method
that does not involve formal and inferential statistical modelling and can be used to
manage noise and deviations in the data. It aims to help people look at data before
making assumptions and find mistakes, patterns, outliers, strange events, and
connections between variables. So the data can be more efficiently analysed due
theadvancements in artificial intelligence and machine learning, particularly in
evolutionary computing. This technology has enabled us to understand underlying
patterns in financial markets. Researchers in economics, statistics, and finance have
long been interested in developing and testing behavioural models of stock prices.
Machine learning has become increasingly crucial in predicting stock prices.
However, forecasting stock price changes in financial time series can be
challenging. Correct predictions can lead to significant profits for investors.
Nevertheless, the complexity of stock market data makes this task difficult [5-7].
Developing efficient forecasting models requires effort. Linear regression is a
statistical technique to identify the connection between dependent and independent
variables. This method is helpful in supervised machine learning and is typically
applied to continuous data. Linear regression aims to determine the most
appropriate line that fits the given data points. The objective is to find the optimal
linear equation that predicts the desired output for new data [3, 5, 8].. In many fields
of scientific investigation, the changes in experimental measurements of a variable
are mainly due to other dependent variables whose values change during the
experiment. Therefore, by entering these variables into the statistical analysis the
nature of the relationship between these variables is learnt to obtain more accurate
results. From another point of view, examining the relationship between variables is
essential, which means that the value of one variable can be predicted or even
controlled from the observations of other variables and optimized by manipulating

the influencing factors. Regression analysis is the central part of statistical methods
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for formulating mathematical models that determine the form of relationship
between variables. Regression analysis deals with predictions and other statistical
inferences using these modelled relationships. The study of relationships between
variables is typical in many fields of scientific activity. Simple linear regression is a
type of regression analysis in which the number of independent variables is one, and
there is a linear relationship between the independent variable (x) and the dependent
variable (y) [9, 10]. In addition to simple linear regression, there is multivariate
linear regression, which involves more than one independent variable. Machine
learning is a type of artificial intelligence that enables systems to learn and improve
on their own without human programming. It involves creating computer programs
that can access data and use it to learn. Learning typically begins with observations
or data, such as examples or experiences, intending to identify patterns in the data
and use those patterns to make better decisions. The ultimate goal is for the
computer to learn independently and adjust its actions based on learning. There are
numerous machine learning algorithms, with new ones being constantly developed.
They are generally categorized based on how they learn, such as supervised,
unsupervised, or semi-supervised, as well as by their shape and purpose. A
supervised machine learning algorithm is capable of using previously learned data,
as well as newly labelled data, to predict future outcomes. The learning algorithm
creates an inference function that predicts output values by analysing the training
data set. With enough training, this system can use new data to identify a target.
Additionally, this learning algorithm can compare its results with predetermined,
correct results to identify any errors and refine the model. Fig 1. demonstrate
Flowchart for the stages involved in the study.
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Figure 1. Flowchart for the Stages Involved in the Study
Data

This section describes the data that was utilized in the study. This study used daily data

on the stock market's closing prices. The study period was from 2021-09-04 to 2022-08-09, a
total of 339 days.
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2.1 Data Description

Fig. 2 describes the data that was utilized in the study. The "Total" column is for the
total number of vaccinations, which includes the stock market data and vaccination. Figure 2
depicts the total number of vaccinated people prior to that time.

Date Open High Lowr Vol Close Total

0 2021-09-04 00:00:00 133741.000000 134622000000 133741.000000 155420721 1346071.000000 29002000
1 20271-09-0500:00:00 134973.000000 135828.000000 134978.000000 149709387 135828.000000 29152527
2 2021-09-06 00:00:00  136969.000000 137773.000000 136969.000000 156763657 137309.000000 29835245
3 20271-09-07 00:00:00 | 137183.000000 137183.000000 135269.000000 155029577 135269.000000 30667969

4 2021-09-08 00:00:00 135247.000000 135247.000000 134017.000000 127093095 134018.000000 31450694

Figure 2. Sample of Pharmaceutical Companies Index

2.2 OHLC chart

The chart is shown in Figures 3 was created in Jupyter Notebook in Python with the

Plotly library in Windows using the data set's open, high, low, close, and volume prices.

Pharmaceutical Companies Index
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Figure 3. OHLC Chart
2.3 Heat Map

Data visualization is a graphical presentation of data, the primary purpose of which is
to optimally convey information to users by displaying the relationships between data with the
help of charts. Matplotlib is one of the famous Python libraries for drawing graphs. Seaborn is
another Python library for a visualization based on Matplotlib and provides more possibilities
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for users to draw graphs. These are among Python's most widely used libraries for drawing
graphs and data visualization Fig.4 A heat map that shows the correlation matrix from the graph
shows that there is not much of a link between the total number of vaccinations and the closing
price of the stock market. Empirical results show the total correlation with close is -0.62; the

effect of this correlation on the machine learning algorithm will be studied.
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Figure 4. Heat Map Annotate True

2.4 Quantitative Description Statistics

Statistics describes the relationship between two numbers. As illustrated in Figure 5.
Descriptive statistics is the set of methods used to organize, summarize, and describe
information. Specific preliminary steps must be taken before analyzing the data. When
confronted with a large volume of quantitative data prepared for research, the researcher must
organize and summarize it in an actionable form to make secret points directly before
proceeding to statistical tests. First, it deals with the exploratory examination of the data.
Descriptive statistics is the arrangement and classification of data, graphic representation, and
subject matter such as “family,” “middle,” etc., indicating a family’s characteristics in the
society under discussion. Therefore, descriptive statistical methods are used for this purpose.
In general, three methods are used in descriptive statistics to summarize data: using tables and

graphs and calculating specific values that indicate essential characteristics of the data.
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Open High Low Vol Close Total
count 225.000000 225.000000 225.000000 225.000000 225.000000 225.000000
mean 106182306222 106492722667 105708.387111  69857452.040000 106004443556 122596611.803333
std 11761137750  11788.843619 11595924215 34818238.597463  11631.504671 40132125.901822
min 86467400000 86559.800000 86344 300000  22409209.000000 86345600000  29002000.000000
25% 98080100000 95342400000 97572700000  45159439.000000 98002500000 103582369.000000
50% 108051.000000 108349.000000 107594000000 59158982.000000 107972.000000 137334302.000000
5%  112733.000000 113041.000000 112220000000  28259662.000000 112772000000 149515460.000000
max 137183.000000 137773.000000 136969.000000 262332755.000000 137309.000000 414526830.000000

Figure 5. Figure 8Quantitative Description Statistics

2.5 Pair Plot

To predict the stock’s closing price; let us consider the "Close" feature as the target

variable. Figure 6 depicts the pair plot.
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2.6 Normal Distribution

After performing any measurement, in order to discover the relationship between the
data’s or categorize the data’s are analyzed. First, the distribution of the data is learnt. In
layperson's terms, data distribution tells us how widely the data collection is distributed the.
The normal distribution is also one of these patterns. This continuous probability distributions
is one of the most important probability theory. The reason for its name and the importance of
this distribution is that many values obtained during natural and physical fluctuations around
a fixed value matches with the values obtained from this distribution[11-13]. Fig 7. Depict

Normal distribution on close.
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Figure 7. Normal Distribution on Close

2.7 Bootstrap Plot

One of the powerful computer methods in statistical inference is bootstrapping. This
method tries to estimate the error of the estimators without considering the complex conditions.
For example, the bootstrap method in machine learning can create confidence intervals and
regression models and estimate model error. In statistical topics, the bootstrap technique is used
to estimate the parameters of the statistical population. the Python programming language is
used to implement the calculations related to this technique. As mentioned, the purpose of the

bootstrap application method is to make inferences about the parameter estimator of the
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statistical population. The bootstrap method tries to obtain the best estimate for the error of the
estimators with the help of the sampling technique and replacement resampling according to
the limited sample size. Of course, the samples obtained from resampling are independent of
each other. The main reason for using the bootstrap technique is to take advantage of the speed
of modern computers when performing statistical inference. "Efren™ invented this method to
determine the accuracy of estimators in statistical analysis problems. As a general principle,
after estimating the parameter by the estimator, the amount of estimation error should also be

determined, which is the same as the estimator's accuracy.

Table 1. Bootstrap Sample

Bootstrap Sample:

37 124524.0
140 97991.5
72 98406.1
137 90180.4
203 108329.0

Name: Close, dtype: float64
Mean of the population: 106004.44355555554

Standard Deviation of the population: 11631.504670842316

1l oooa
11l mooa
loTso0 11 oooo
oo
lonsooo
(EnkTnlulul
lnzEso0 leoooo
SO a3 SO a3 300
Sample Sample Sample
1o Ao
200
b1} Tan L
oo 11l oooa lsoooa 11 moooa lozooa  1loooo
Mean Median Midrange

Figure 8. Bootstrap Plot
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Figure 9. Bootstrap Plot

2.8 EDA, Month wise Comparison Between Pharmaceutical Companies Index Actual,

Open and Close Price

Monthwise comparision between Pharmaceutical Companies Index actual, open and close price
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2.9 EDA, Month wise High and Low Stock Price

Monthwise High and Low stock price
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Figure 11. Month wise High and Low Stock Price
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2.10 Statistics

Skewness and Kurtosis

Skewness In the probability theory and statistics, skewness indicates the degree

asymmetry of the probability distribution of data around its mean. The skewness value can

of
be

negative or positive. The degree of the tendency of the probability distribution curve of a data

series is skewness, but this measure indicates asymmetry in the curve's tails. If the data have a

symmetrical distribution, the elongation of the right and left tails is the same. Kurtosis, is a

statistical parameter that describes the probability distribution of a random variable; Kurtosis

reveals how much information is included in the tails. it shows the a measurement of the total

weight of a distribution’s tails in relation to the mean (or average). This is also known as the

peak degree. Table 2 depicts skewness and kurtosis.

Table 2. Skewness and Kurtosis

Skew 0.22157761608718327

kurt -0.2316526067981024
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Measures of Spread

The spread and dispersion measures the similarity /variations in the data. Measures of
centre tell us the average value, while measures of spread tell us how far the data tends to be
from the average value. Distance between the maximum and minimum observations are stated

as : Max — min = 50963 on Close.

Table 3. Measures of Spread

Quantile (0) 86345.6
quantile (0.25) 98003.5
Quantile (0.50) 107978
Quantile (0.75) 112772
Quantile (1) 137309

Data set Describe

count 225.606606006
mean le68e4d.443556
std 11631.584671
min 86345 . 608000
25% 08683 .5086800
se% 187978 . 6000800
75% 112772 .6868686
max 137389. 600800

Name: Close, dtype: floatb4

Figure 12. Data Set Describe

3. Technical Indicators

Traders use various tools to find suitable trading opportunities; technical indicators are
one of the most critical technical analysis tools. It is a mathematical calculation of price, time,

and volume. By using them, the market trend can be understood better [14].
3.1 Moving Averages

In statistics, a moving average is a calculation made to examine data points using averages
generated from subsets of the actual price data. In financial sciences, the moving average (MA)
is a stock indicator usually used in technical analysis. Calculating the moving average of a

share is to adjust the price information created by calculating an average price. On the close
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price, we used an exponential moving average of 9, a simple moving average of 5, a moving

average of 10, and a moving average of 15. Fig 13 shows moving averages.
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Figure 13. Moving Averages
3.2 Relative Strenght Index

Among the most powerful and effective methods for forecasting the market and
profiting from digital asset price fluctuations Among the various tools that
technical traders often use for market analysis, the Relative Strength Index (RSI) is
one of the most popular indicators. The RSI indicator fluctuates between two
specific intervals. It can show the trader the overbought and oversold areas, evaluate
the acceleration of price changes, and show the trader the best points to enter and
exit the market. As n = 14, we use rsi deficiencies. Figure 14 describe RSI chart in
Data Set.
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Figure 14. Relative Strength Index

3.3 Moving Average Convergence/Divergence
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The MACD indicator is one of the most popular oscillators and is considered one of
the leading indicators among technical analysis traders. MACD is an abbreviation for Moving
Average Convergence/Divergence. This indicator includes three moving averages. By using it,
investors can identify the trend's strength, direction, and acceleration of the downward or
upward trend in the stock market. The moving averages used in the MACD indicator include
the 9, 12, and 26-day moving averages. The MACD chart in the data set is depicted in Fig. 18.
MACD=(12-Period = EMA)-(12-PeriodEMA).Fig 15 depicts = Moving  average

convergence/divergence

4000

2000

—20004

—4000

Mow :?021 Jan '.12022 Mar :’!022 May I2022 Jul 5022
Figure 15. Moving Average Convergence/Divergence
4. Machine Learning Base

Linear regression is considered the first machine-learning algorithm. Linear regression
in machine learning is considered a supervised learning model aiming to find the best-fit line
between independent and dependent variables. In other words, this model creates a linear

relationship between independent and dependent variables[15].
4.1 Linear Regression with Total Vaccination as One of the Features

In this section, we use the vaccination data as one of the features and check whether the

use of vaccination data helps to improve the prediction.
X Train Features

We have used Train test split from the Sklearn library with test size = 0.2 and
shuffle = False As depicted in Fig. 18; the feature column is "Volume,” "Total,"
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"EMA_9," "SMA 5", "SMA_10", "SMA_15", "RSI" "MACD," "MACD_Signal."
Fig. 11 depicts the x-train head based on Pandas' data frame.

Vol Total EMA_9 SMA_S SMA_10 SMA_15 RSI MACD MACD_signal

44 70452769 95327143 [ 113888107900 110510.600000 | 111468.000000 113002133333 46732206 -2392.430087 -2756.825635
45 93977063 95669900 113358.236392 111548.400000 111347.000000 112365400000 44532769 -2094.439973 -2623.115242
46 112861120 96752585 113382.604166 112719.200000 111393.400000 112819.933333 46316489 -1679.534473 -2433.006332

Figure 16. X Train Features

Predictions from Model
Figure 17. shows predictions from the test set.
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Figure 17. Predictions from Model

Actuals and Forecasts based on Linear Regression with VVaccine as A Feature

Journal of Atrtificial Intelligence and Capsule Networks, June 2023, Volume 5, Issue 2 183



Machine learning based Comprehensive Study for Stock Market Prediction of Pharmaceutical Industry Index on Covid 19
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Figure 18. Actual and Predictions based on Linear Regression Chart

4.2 Linear Regression without Total Vaccination as a Feature

X Train Features

We used the Train test split from the Sklearn library with test size = 0.2 and shuffle =
False. The feature columns are "Volume,” "EMA _9," "SMA 5", "SMA 10," "SMA 15"
"RSI," "MACD,"” and "MACD_Signal," as shown in Fig. 22. Fig. 19 depicts the x-train
head based on Pandas' data frame.

Vol EMA_9 SMA_S SMA_10 SMA_15 SMA_30 SMA_50 RS| MACD MACD_signal

33333 116423.260000 28.842916 -1637.567113 -1377.333673

60 BEERERETA 111990.242679 109803.400000 111301.800000 112674.300000 115979.580000 18.324896 -1434.739430
61 111714.973215 109272200000 110922100000 112159.333333 112439.633333 115580.060000 18.277793 -1693.977744 -14B6.600604

Figure 19. X Train Features
Predictions from Model

Figure 20 shows Take predictions from the test set.
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Figure 20. Predictions from Model
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Actuals and Predictions Based on Linear Regression without Vaccine as one of the Features
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Figure 21. Actual and Predictions based on Linear Regression Chart

5. Empirical Results

In both methods, the models performed well on the training data, and there is no

significant difference in the result metric criteria. However, the vaccination data method

needed to be more balanced in the test data.

5.1 Test set evaluation

Table 4. Test Set

Test set with vaccination as a feature Vaccination is not a feature.
MAE 1011.060751726878 405.98770803124313
MSE 1376848.6223770226 263176.3451282789
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RMSE 1173.391930420958 513.0071589444722

R2 Square 0.6942390590639962 0.9293604214373858

Table 5. Train Set

Test set with vaccination as a Vaccination is not a
feature feature.

MAE 386.77779174859324 330.2162791484553

MSE 250229.71795773035 183055.70426947915

RMSE 500.2296652116209 427.8500955585719

R2 Square 0.9972196506381351 0.9978492699440519

6. Conclusion and Discussion.

This study has found a negative correlation between the total number of vaccinations
and the closing price of the Pharmaceutical Companies Index. Essentially, as vaccination
counts increase, the stock index tends to decrease. The research also found that excluding
vaccination data as an input feature in the linear regression model performed significantly
better than including it, especially on the test set. This suggests that vaccination data does not
improve the model's predictive ability and may hinder its performance. The model without
vaccination data has lower errors and a higher R-squared score on the test set, indicating that
excluding vaccination data leads to better out-of-sample predictions for the stock index.
Overall, incorporating vaccination data as an input feature does not improve and may worsen
the performance of machine learning models for predicting this pharmaceutical stock index
during the COVID-19 pandemic. This study provides empirical evidence that excluding

vaccination data from the models leads to better out-of-sample predictions.

Additionally, the findings suggest that while speeding up mass vaccination programs
may help economic recovery, vaccination data does not provide helpful information for
machine learning algorithms to predict stock market indices for pharmaceutical companies
during the COVID-19 pandemic When it comes to machine learning models, it is crucial to
assess whether adding new variables as features can enhance their predictive accuracy. Factors

impacting active stock market companies fall into three categories: macro-environmental,
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micro-internal, and industrial. Predicting stock prices is crucial for investors, researchers,
financial professionals, and companies involved in the stock market. Accurate predictions can
help decision-makers make informed choices. Traditional methods like ARIMA and newer
techniques like neural networks are used for stock price forecasting. In this study, the focus
was on the impact of vaccination on pharmaceutical stock index prices. Due to the limited
availability of vaccination data, time series, and deep learning methods were employed. The
findings suggest that vaccination data does not affect the prediction of pharmaceutical stock

index prices.
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