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Abstract. In order to research the application of multivariate linear regression in stock
price analysis, seven independent variables were selected to estimate in this paper. The
regression coefficient was calculated by SPSS and the statistical test was carried out.
And finally, the model was applied to the closing price prediction, and the prediction

error was within acceptable range.
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RESEARCH BACKGROUND

he stock was formerly known as the east

India company, which was bought and sold

by the Dutch in 1602, and the formal stock

market originated in the United States.
Stock is a kind of negotiable securities, it is the
certificate that share company issues to investor
when raising capital, the droit that represents
holder to share company.

Nowadays, with the continuous development of
society, stock has become one of the important
ways for citizens to conduct financial management,
and its proportion in citizens ’ income and
expenditure is also increasing. It has attracted the
attention of many investors with its characteristics
of high risk and high return. Therefore, secking an
effective investment method to increase returns and
reduce risks has become the primary goal of almost
all investors.

The largest of the world's 60 largest exchanges
is the New York stock exchange, with a market
capitalization of $21.876 trillion, accounting for
26.3% of the global market capitalization of listed
companies (2017 data). It certainly occupies the
center of global trade. The NASDAQ stock
exchange ol’g the United States, the Tokyo stock
exchange of Japan and the Shanghai stock exchange
of China followed suit. Statistically, there is no
doubt that the United States plays a decisive role in
the running of the world economy.

Since the birth of the stock market, many
economists and  statisticians have devoted
themselves to the search for mathematical models
and analytical methods. In recent years, with the
development of computer science and technology,

many scholars have applied data mining, machine
learning and neural network to stock analysis,
which greatly improves the accuracy of stock
analysis and has become an important method in
the field of financial analysis.

LITERATURE REVIEW
Research Methods of Stock Market in China
Chen Yushan (2007) used ICA (independent

component analysis) to analyze stock price returns
and came to the conclusion that most stock price
returns obey a kind of super gaussian distribution
[1]. Wang Dongxiu (2013) proposed an improved
Apriori algorithm for the shortcomings of the
Apriori algorithm. He wused the algorithm to
analyze three stocks and concluded that there was a
strong correlation between the rise and fall of two
of them [2]. Gao Xueying (2017) analyzed the
impact of macroeconomic factors on stocks by
using the gray correlation method and concluded
that the consumer price index had the largest
impact on stock price fluctuations [3].

Research Methods Based on Deep Learning or
Neural Network
Yao Peifu (2006) analyzed and studied the BP

algorithm and put forward the corresponding
improvement measures:
Accelerated Iterative Convergence Formula
Modification Function
Adaptive Adjustment of Learning Coefficient
Through the above improvement, the
disadvantages of BP algorithm can be alleviated,
and the prediction accuracy can be improved [4].
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The stock price prediction model proposed by Liu
Lei (2017) is based on the limited Boltzmann
Machine. He sampled and modeled the stock of
Gree electric appliances, and the accuracy of the

final result is high (63.41%) [5].

Research Methods of Stock Market in Foreign
Countries
(1) Traditional

methods

Syeda Shabnam Hasan (2017) analyzed three
companies -ACI, Beximco and GP by using SVM
(support vector machine) and GPR (gaussian
process regression) and concluded that SVM was
superior to GPR [6]. Han Lock Siew (2012) used
the method of regression analysis and selected six
factors affecting the stock market for analysis. They
found that the accuracy of the results improved
after converting the input data [7].

data mining or statistical

(2) Research methods based on deep learning or

neural network

Raymond S.T.L. ee (2004) adopted the model
based on RBF neural network to analyze the Hong
Kong stock market from 1990 to 1999, and
obtained more accurate results compared with
other analysis methods, and he realized different
predictions for the long term and short term [8].
Yunnus YETIS (2014) adopted the method based
on artificial neural network, selected the stock
market data of NASDAQ from 2012 to 2013,
trained the model and obtained accurate results.
When the index closes above 3, 000, its error rate is

less than 2% [9].

RESEARCH MEANING

Stock analysis can be divided into two types.
One is the overall evaluation and prediction of the
stock market. This kind of analysis is beneficial for
the government to make correct policies and also
for enterprises to make appropriate development
strategies. The other is to predict the rise and fall of
a single stock, whose main purpose is to provide
investors with a reference to avoid risk.

From the perspective of the government, the
stock market” s advantage lies in its ability to
concentrate idle social funds widely and contribute
to national economic growth. The stock market
can empower the role of the market, break
geographical restrictions, and improve the resource
allocation efficiency. Besides, it can also promote
enterprises to constantly improve their business
management model, and ultimately promote
economic development.

From the perspective of individuals, stock is a
method to handle personal investment: the
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volatility of stock prices allows the potential to
make margins. The stock market offers investors
with a hig%—return financial management channel,
widens the investment options range, and enhances
the investment liquidity. Investors can get their
money back by cashing in their shares.

For enterprises, the stock market facilitates
funds raising for joint-stock enterprises to meet
their operational needs. Also, issuing shares is a way
to avoid risks. There will always be operational
risks, whatever kind of an enterprise is, especially
for the innovative ones. The newly opened up
markets, uncertain market prospects, unfamiliar
technologies, etc., all these factors would cause the
existence of business risks. Issuing shares is a good
way to avoid risks. Even the investment fails, the
loss is apportioned among each shareholder to an
acceptable extent.

However, being uncertain is the nature of the
stock market. The misprediction of the falling or
rising trend of stocks may result in the
inappropriate policies by the government, money
loss of shareholders, and disruptions to operations
in enterprises. The stock market’ s fundamental
role is inevitably affected by its instability. At the
same time, the stock market stability and
macroeconomic stability are closely related, the
stock market concussion may have triggered the
financial crisis, which prompted financial market
liquidity shortage and pressure, higher interest rates
and the outbreak of the financial crisis and its
influence, is bound to conduct through the
financial markets to the real economy, which in
turn will lead to economic growth markets such as
[10]. Therefore, to accurately predict the result of
the stock market is of vital significance.

MODEL CONSTRUCTION

Analysis Mode

In this paper, I use F statistic, R2, modified R2
and correlation coefficient as variables to measure
the fitting degree of multivariate linear regression.

@ F statistic

F statistic is used to test the joint hypothesis of
regression coefficient.

When the joint hypothesis has 2 =0 and B _

0 for two constraints:

F statistics use the following formula to make
tl and t2, the two t statistics, combined, i.e.:

_1
2

2 2 A
4o+t - 2ptl,t2 tt,

F

( )

1_2pt1,t2 (4.1)
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N
Where Pt represents  the  correlation

coefficient estimator of two t statistics.

In order to understand the F statistic, we can
first assume that the t statistic is not correlated,
then the correlation coefficient of t1 and t2 is 0,
then there is

ol t” +1,)
2 (4.2)

t,

Under the null hypothesis,

and t, are
independent standard normal random variables, so

F T )
2. » distribution. Under the alternative

t,”

F follows

hypothesis that B is not 0 or P2 is not 0,
{2
2 is very large, so the test results reject the null

or

hypothesis.

In general, t statistics are correlated, so the F
statistic formula in (4.1) modifies this correlation.
This makes the F statistic subject to A distribution

. F s
in * 2 = large sample whether the t statistic is
relevant or not.

When there are q constraints in the joint
hypothesis:
The global multivariate regression model is

Yi =B+ LXKy + B X+ B X U, T1=12,

Define the following vectors and matrices:

Y, u,
y=| " u=|"
Y, u,
1 X, - Xgq| [X: Bo
S e e
1 X, - X x.'n B

Y represents the n vector of n*1 observations of
the dependent variable.

X represents the n*(k+1) dimensional matrix of
n observations composed of k+1 regression
variables.

(k+1)*1 dimension column vector is the ith

observation of k+1 regression variable, and X is

the transpose of Xi.
U represents the n*1 dimension vector of n
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€rror terms.

B represents the (k+1)* 1 dimension vector

composed of k+1 unknown regression coefficients.

In this paper, we consider the joint assumption
of q constraints, where q=<k+1. Each of these q
constraints involves one or more regression
coefficients. Then the joint primitive hypothesis
can be represented by matrix symbols as

RB=r

Where R is a nonrandom matrix of order q* (k
1) with full rank, and r is a nonrandom vector of
order q*1. The number of columns of R is q, equal
to the number of constraints in the original
hypothesis.

this moment
(RS- r)'[RZA% RT'Rp-T)

q
When the null hypothesis is true, the sampling

F

distribution of the F statistic in a large sample is
Fq'°° distribution.
® R2 and modified R2

Regression R2 is the proportion of Yi sample
that can be explained (or predicted) by regression

variables.
R2 = @ -1-— %
TSS TSS

The explained sum of squares is ESS=
0k

=1 , the total sum of squares is TSS=

=]

> (Y=Y’

, and the sum of squared residuals is

n A
>

SSR=i

In multiple regression, unless the estimated
value of the regression variable coefficient increases
is exactly 0, the number of regression variables R2
will increase as long as the number of regression
variables increases. Consider the case where you
start with the first regression variable and then add
the second regression variable. When OLS was
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used to estimate a model with two regression
variables, OLS found the coefficient value that
minimized the sum of squares of residuals. If the
coefficient of the new regression variable chosen by
OLS happens to be 0, the SSR remains the same
whether the second variable is added or not.
However, if OLS chooses a non-zero value, this
value must reduce SSR. In practice, it is very rare
that the estimated value of coefficient is exactly 0,
so the introduction of new regression variables will
generally reduce SSR. This means that R2 usually
increases with the addition of a new regression
variable. In this case, R2 overestimates the effect of
the regression fitting data. One way to fix it is to
reduce or reduce R2 by some factor, and fix R2 is
one of them.

Correction R? R2 is a correction form of R*,
that is, it does not necessarily increase after adding
new regression variables. Its expression is

S2
= n-1 SSR_,

__u

n-k-1TSS &2

The difference between this formula and R
squared is that the ratio of SSR to TSS is
n-1
multiplied by factor "—K—1_ This indicates that

—2
R is 1 minus the ratio of the sample variance of

OLS residuals to the sample variance of Y.

—2
About R :
n-1

First: N—K—=1will be more than 1 forever, so

—2
R will be less than R? forever.

Second: Adding a regression variable will make

R have two opposite trends. On the one hand,
—2
the decrease of SSR makes R increase, and on the

n-1

other hand, factor N —k =1 increases. So, whether
—2
R s going to go up or down depends on how
strong these two things are.

—2 —2
Third, R may be negative. R

is negative

when the sum of squared residuals reduced by all
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regression variables is too small to offset the factor
n-1
n-k-1.

—2
R? and R are not specified:

Whether the

regression are statistically significant.

variables included in the
Whether the regression variable is the real cause
of the change of the dependent variable.
Whether there is a missing variable bias.
Whether the most appropriate set of regression

variables has been selected.

®) Correlation coefficient
Before
introduce covariance first.

introducing  correlation  coefficient,
Covariance
Covariance is a measure of the degree to which
two variables change at the same time. The

covariance of X and Y is the expected value of
(X =Y = 14,) , where #x and represent

the mean of X and Y, respectively. Let's use

cov(X,Y)

or Ox for the covariance. If X takes
one value and Y takes k values, the covariance

formula can be expressed as:

COV(X,Y) = 0y = E[(X — s )(Y = t1,)]= 2D (%, —

i ja
Correlation Coefficient
coefficients  include

Correlation simple

correlation  coefficient, complex  correlation
coefficient and partial correlation coefficient.
Simple Correlation Coefficient
The simple correlation coefficient between X
and Y is the covariance of X and Y divided by their

standard deviation:

corr(X,Y) = CV(X.Y) __ ow

Jvar(X)var(Y) oyoy
1¢ corr(X,Y) =0

, then X and Y are unrelated.

DATA SOURCES AND FEATURES

Data Sources
The dependent variables in this paper are from
Yahoo Finance. The daily opening price, closing
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price, the highest price of the day, the lowest price
of the day and the trading volume of Facebook
from 2012 to May 2018 are collected.

The average monthly active user (MAU) count
and net profit data in this paper are derived from
Facebook’ s quarterly results.

The standard & poor’ s (S&P 500) index in
this paper is from Yahoo Finance.

The conference board consumer confidence
index (CBCCI) data in this paper come from
Oriental Wealth Network (OWN).

The ISM non-manufacturing index (ISMNMI)
data in this paper come from OWN.

The unemployment rate data in this paper
come from the Bureau of Labor Statistics (BLS).

The trade account data in this paper are derived

from OWN.

Data Features

The data adopted in this research have been
published at varying frequencies. For example, the
closing price of a stock varies from day to day, yet
the unemployment rate is published monthly by
the US BLS, while the average monthly number of
people living or revenue is released quarterly in

Facebook’ s financial report. This main feature of

the data has certain impact on the accuracy of the

analysis.

Data Pre-processing

During data collecting, the daily opening price,
closing price, the highest price of the day, the
lowest price of the day and the trading volume of
Facebook were obtained. Then, its daily closing
price was selected as the dependent variable.

Next, in order to handle the varying frequencies
of data releasing, the raw data were processed as
follows: The stock closing price of one week from
the date of each financial report of Facebook
company was selected as the dependent variable,
and the S&P 500 on the corresponding date was
selected as the independent variable. Meanwhile,
the monthly CBCCI, ISMNMI, unemployment
rate, and trade account were used as independent
variables for all data in the current month instead
of daily data. The average monthly number of
people living and the revenue were retained as the
independent variables of all the data for each
In that
insufficient data could be alleviated.

quarter. way, problems caused by

The processed sample data are listed as below:

Table 1.
date cloze AT CECCI S&F 500 Tnemployment rate revenue ISHEMI balance of trade
201z, 7. 27 23,7058 9. 55 65, 9 1, 385, 97 4.2 11.8 2.5 —433. 7
2012, 7. 30 23,15 9. 55 65, 9 1, 385, 30 4.2 11.8 2.5 —433. 7
2012, 7. 31 21.71 9. 55 65, 9 1,379 32 4.2 11.8 2.5 —433. 7
201z, 8.1 20, 88 9. 55 6o, & 1,375.14 g 11.8 2.5 —441, 07
2012.8.2 20,04 9. 55 6o, & 1, 365, 00 g 11.8 2.5 —441, 07
2012, 10, 24 23. 2299 10.1 T2, 2 1,408, 75 7.8 1z, 62 G4, 4 —430, 41
2012.10.25 22, 596 10.1 T2, 2 1,412, 97 7.8 1z, 62 G4, 4 —430, 41
2012.10. 24 21. 9425 10.1 T2, 2 1,411, 94 7.8 1z, 62 G4, 4 —430, 41
2013.1.31 30,981 10.6 58, 6 1,498,11 g 15,385 5.1 —415, 89
2015.2.1 29. 73 10.8 69. 8 1,515.17 7.7 15. 85 85,7 —427. 54
2015.2. 4 28.109 10.8 69. 8 1,495, 71 7.7 15. 85 85,7 —427. 54
2015. 2.5 Z8. 64 10.8 69. 8 1,511.29 7.7 15. 85 85,7 —427. 54
2015.2.8 29. 05 10.8 69. 8 1,512, 12 7.7 15. 85 85,7 —427. 54
2015.5.2 28. 97 11.1 8.2 1,597.5%9 7.5 14. 58 893. 8 —438. 64
2015.5. 53 28. 311 11.1 8.2 1,614, 42 7.5 14. 58 893. 8 —438. 64
2015.5.8 27.87 11.1 8.2 1,617.50 7.5 14. 58 893. 8 —438. 64
Data Analysis Y =B+ B X + B X, + B X+ B X, + X+ B X+ B X,

Let the closing price be Y with an average
monthly wage of X1, the conference board” s
consumer confidence index be X2, the S&P 500 be
X3, the unemployment rate be X4, the revenue be
X5, the ISM non-manufacturing index be X6, and
the trade book be X7:
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, where o is the constant term.

After calculation p, =80.574 , p,=6.204 ,
S, =-0.295 S, =0.034 S, =-10.009

> b b

p.=0282 B, =-1.925 pB, =—0.066

, namely:

Y =80574+6.204X, -0.295X, +0.034X, ~10.009X, +0.282X, ~1925, ~0.066X;
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In this article, three variables are used to

measure the model:
DF statistic

It can be obtained through calculation that the
value of F statistic is 1154.841, which is much
higher than the F value (2.96) at the significance
level of 0.01. Therefore, we can say that only in a
few cases, the conclusion obtained from this
expression is wrong, that is, the model has passed
the F test.
®R2 and modified R2

Through calculation, we can get that the
corresponding R2 in this paper is 0.987, and the
corrected R2 is 0.986. That is, the change in Y of
0.987(or 0.986) in the equation is caused by the
independent variable. This value is very close to 1,
which indicates that the regression variable can
better predict Y.
®Correlation coefficient

Calculation of Simple Correlation Coefficient:

The simple correlation coefficient of X1 and Y
is -0.989. The simple correlation coefficient of X2
and Y is 0.955. The simple correlation coefficient
of X3 and Y is 0.961. The simple correlation
coefficient of X4 and Y is -0.951. The simple
correlation coefficient of X5 and Y is 0.965. The
simple correlation coefficient of X6 and Y is 0.409.
The simple correlation coefficient of X7 and Y is -
0.612. It can be concluded from the analysis that,
apart from the weak correlation between X6 and Y,
other variables and independent

dependent

variables are strongly correlated.

Perspective

According to the regression equation, the stock
price of Facebook on May 21, 2018 is predicted to
be $184.90912 when the relevant data of that day
is substituted. In fact, Facebook closed the day at
$184.49, within an acceptable margin of error.

Shortcomings

In this analysis, there are the following
shortcomings:

In the choice of variables, the independent
ISM index and

variable non-manufacturing

Tob Regul Sci.™ 2021;7(5-1): 4222-4228

dependent variable stock closing price is not strong
correlation. The correlation coefficient is 0.409.
This has had an effect on the accuracy of the results.
In the collection of data, some data are not
published, such as the daily number of active
Facebook. Some data are published once a month,
for example, the ratio of unemployment. Therefore,
the author can only use the same month or quarter
of the data to replace the corresponding place in
cach piece of data. This will lead to certain errors.
The stock market is a very complex system, and
it is difficult to guarantee the practical effect of
using multiple linear regression to model the stock
market. Although the prediction results are good in
this paper, the accuracy of sudden events, such as

war, disease, or natural disasters, will be greatly

affected.

CONCLUSION AND PROSPECT

Conclusion

The rise and fall of stocks are affected by many
factors. In this paper, multiple linear regression is
adopted to predict the stock price within a certain
range, but the accuracy of prediction is limited.
The data selected by the author is limited and the
indicators are too few, which is one of the reasons
for the inaccurate prediction results.

Prospect

Since the analysis method adopted in this paper
is multiple linear regression, the prediction ability
of the stock system is limited. In the following
research, a novel method, such as neural network,
will be used to analyze stock data. At the same time,
the analysis results are compared with this method
to explore the advantages and disadvantages of the
new method and the traditional method in the
field of stock analysis.
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