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Since the housing reform in the 1990s, China’s real estate market has expanded and developed rapidly. It has quickly become the
pillar of China’s national economy and made a great contribution to China’s economic growth. However, China’s real estate
market started late and its development is not perfect, and house prices show obvious volatility. Accurate prediction of house
prices is conducive to the government issuing appropriate regulatory policies, helping investors formulate correct investment
strategies, and guiding the healthy and long-term development of the real estate market. Based on the statistical data of the real
estate market, this study analyzes the influencing factors of the real estate price, establishes a multiple linear regression model, uses
the least square method to solve the unknown parameters of the model, and finally constructs a house price prediction model to
predict and analyze the real estate market. The results show that the maximum error of the real estate price prediction model is no
more than 8%. The above results show that the house price prediction model has high accuracy and can predict house prices

accurately and efficiently.

1. Introduction

In recent years, real estate prices have risen rapidly, which
has attracted the attention of researchers in various fields. To
some extent, the stability of the real estate market is closely
related to the stability of China’s economic development,
financial system, and society [1]. Forecasting and analyzing
the real estate market can evaluate the stability of the real
estate market. On the one hand, it can facilitate the gov-
ernment to carry out macrocontrol on house prices and
maintain the healthy and stable development of China’s
national economy. On the other hand, the prediction of
house prices can also provide a certain basis for real estate
investors to formulate investment strategies and avoid
losses. Compared with developed countries such as Europe
and the United States, China’s real estate market started
relatively late and lacked market experience and policy
theory, resulting in some deficiencies in policies related to
the real estate market. Therefore, many experts conducted
theoretical and empirical research on the development of the
real estate market [2]. At present, there are many studies on
the macrocontrol of the real estate market, but few studies on

the prediction of the real estate market. Therefore, based on
the statistical data of the real estate market, this study an-
alyzes the influencing factors of the real estate price, es-
tablishes the multiple linear regression model, uses the least
square method to solve the unknown parameters of the
model, and finally constructs a house price prediction model
to predict and analyze the real estate market, so as to provide
data support for the macrocontrol and investment of the real
estate market. It also plays a certain role in the stable de-
velopment of the real estate market.

The main method of forecasting and analyzing the real
estate market is to analyze the real estate data by using the
multiple linear regression model and then draw a conclu-
sion. The multiple linear regression model is a common
multivariate statistical method. It has the advantages of
being a convenient application and a simple model
Therefore, it is widely used in daily production and various
scientific research studies. According to the real estate
statistical data of the National Bureau of Statistics, combined
with the methods of qualitative analysis and quantitative
analysis, this study discusses the impact of various factors on
the real estate price, such as policy factors, economic factors,
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and housing supply factors, and finally constructs the real
estate price prediction model to predict and analyze the real
estate market.

There are three main innovations in the research: the first
is to calculate and analyze the entropy and information gain
of various influencing factors of house prices and extract the
main factors affecting real estate price, the second is to build
a real estate price trend model to facilitate the analysis of the
relationship between the main factors, and finally, the
multiple linear regression model is established according to
the relationship between each factor and the real estate price,
and the residual in the model is calculated by the least square
method, so as to solve the unknown parameters.

Based on the statistical data of the real estate market, this
study analyzes the influencing factors of the real estate price,
establishes the multiple linear regression model, uses the
least square method to solve the unknown parameters in the
model, and finally constructs a house price prediction model
to predict and analyze the real estate market. The study is
divided into five parts. Section 1 explains that the stability of
the real estate market is closely related to China’s economic
development, financial system, and social stability. Section 2
mainly summarizes and discusses the research results of
scholars on the real estate market in recent years. Section 3
discusses the factors affecting the real estate price and their
relationship and establishes a multiple linear regression
model to predict and analyze the real estate market. Section 4
is the performance test and analysis of the real estate price
prediction model. Section 5 is the summary of the whole
research.

2. Related Works

Since the reform and opening-up, China’s national economy
has developed rapidly, and the people’s quality of life has also
been greatly improved. Real estate is an important industry to
stimulate China’s national economy and promote GDP
growth, which has been highly concerned by people from all
walks of life. Lahav et al. analyzed the large-scale rise in house
prices in Israel and believed that changes in the real estate
market would impact the stock market [3]. Pirogova et al.
studied the driving force of coordinated growth of the real
estate market under the condition of digitization [4].
Dumeignil et al. conducted a natural experiment to explore
the impact of cross-border labor mobility on real estate price
trends [5]. Chernyshova et al. studied the relationship be-
tween supply and demand, which is the real estate price
formed under the influence of social, economic, and material
factors, and predicted the real estate price based on this [6].
Rakhman et al. made theoretical provisions on the specific
situation of the real estate market in the Kharkov region and
analyzed the changes in its market structure and the dynamic
fluctuations of prices [7]. Lee et al. used three machine
learning models to build the real estate index prediction
model, compared the performance of the three models, and
concluded that the real estate index prediction model based
on the random forest has high accuracy [8]. Based on the
principles of common law, Nwogugu discussed the consti-
tutional, competition law, and economic psychology inherent
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in the real estate market mechanism [9]. Kang et al. con-
structed a short-term prediction model of apartment prices
based on news article keyword search frequency and machine
learning technology and used relevant data for training and
testing. The experimental results show that the prediction
accuracy of the model can meet the expectation [10].

Baillif et al. studied the case of western Switzerland and
proposed a discrete mixed market characteristic pricing
model to estimate and predict real estate prices [11]. Saeed
studied the impact of green space density on real estate
prices in Ramadi city by taking green space area, distance
from green space, time to enter the park and public green
space, and percentage of urban green space as indicators
[12]. Kang et al. constructed the real estate auction price
prediction model by using the regression model, artificial
neural network, and genetic algorithm, respectively, and
tested the accuracy of the model by using real estate auction
data in Seoul. The test results show that the real estate
auction price prediction model based on a genetic algorithm
can be segmented according to the effective area of the
auction appraisal price. This further improves the prediction
accuracy [13]. Based on the perspective of the world
economy, Jaymin discussed the impact of coronavirus dis-
ease on India’s real estate industry and the risks and
prospects faced by real estate industry participants [14]. Luo
studied the relationship between higher education resource
allocation and real estate prices [15].

It can be seen from the above research results that there
are many studies on the real estate market. Scholars from
various countries have predicted and analyzed the real estate
market by using machine learning technology or big data
analysis technology, but there is little literature to analyze
and empirically study the influencing factors of real estate
prices. Therefore, the research is based on the statistical data
of the real estate market. Based on the statistical data of the
real estate market, this study presents an empirical analysis
on the influencing factors of the real estate price, establishes
a multiple linear regression model, uses the least square
method to solve the unknown parameters of the model, and
finally constructs a house price prediction model to predict
and analyze the real estate market.

3. House Price Forecasting Method Based on the
Multiple Linear Regression Model

3.1. Extraction Method of Main Factors Based on the Infor-
mation Gain Method. The real estate market is closely re-
lated to the real estate price. If we predict and analyze the real
estate price, we can predict and analyze the real estate
market. Commodity prices are closely related to market
supply and demand, and there are many index factors af-
fecting commodity supply and demand, and there are
complex links between these indexes. Therefore, in order to
analyze the real estate price, we first need to select the
important index factors that can affect the real estate price
and carry out in-depth analysis and research. After inves-
tigating the current situation of the real estate market and
sorting out the existing literature, the index factors affecting
the real estate price are summarized, as shown in Figure 1.
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FiGure 1: Index factors affecting real estate prices.

It can be seen from Figure 1 that the factors affecting the
real estate price are diverse and complex. The accuracy of the
results obtained by using simple quantitative analysis or
simple qualitative analysis to predict and analyze the real
estate price will be very low and have no reference value.
Therefore, it is necessary to extract the main factors affecting
the real estate price from these influencing factors and
conduct quantitative analysis. Then, it provides reference
data for the prediction and analysis of real estate prices. The
mainstream principal factor extraction methods include
principal component analysis, factor analysis, and infor-
mation gain method. The information gain method can
measure the uncertainty of the event attribute and then
measure the correlation contained in the attribute. There-
fore, the information gain method is used to extract the main
influencing factors of real estate prices. The extraction
process of main factors based on the information gain
method is shown in Figure 2.

In Figure 2, the operation steps of main attribute
extraction based on information gain method are as
follows: collect I sample data and set the sample set to Q. If
the class label contains #n different attribute values, divide
these values. Let the number of the ith class be C; (i=1,2,

.., n). Then, L; represents the number of C; in the sample
set. At this time, if the n samples are to be classified, the
required theoretical expectation information can be
expressed as

I(L, Ly, ... L,) = = Zp,-log Pi> (1)
i=1

where p; represents the probability that any sample value
falls into class C;, and its calculation method is shown as

Data sampling

v

Event abstraction

v v

Entropy calculation of Expected information

target attribute solution
[ + |
Attribute information
gain

Threshold
exceeded

A 4
Extract attribute Discard attribute
information information

F1GURE 2: Extraction process of main factors based on the infor-
mation gain method.

pi = (2)

If the attribute y has k different values, denoted as
{ai,a,,...a;}, the sample dataset can be divided into k
subsets by using the attribute y, that is,

Q ={Q1’Q2’---Qk}’ (3)

where Q; contains all samples whose value is a; on attribute
y. If L;; is used to represent the number of samples whose



value of 1 in Q; falls into class C;, the entropy divided
according to y can be expressed as

k Lij+Lyj+---+L

E(y)=-) 7

j=1

(L Lyje . L) (4)

where L;;+L,;+---+L,;/L represents the probability
weight of Q;, which is the ratio of the number of all
samples with the value of a; in attribute y in Q; to
the total number of samples in Q. According to formula
(1), the expected information in subset Q; can be
expressed as

I(Lyj;yLyjs- - Lyj) ==Y pilog pij» (5)
i=1

where p;; represents the probability weight that the sample
in subset Q; belongs to class C;, and its calculation method is
shown as

L;;
pij=7- (6)
j
Combining formulas (1) and (5), the information gained

on attribute information y can be obtained:

Gain(y) =I(L,,L,,...L,) - E(y). (7)

According to formula (7), when the entropy value of
attribute information is larger, the information gain cor-
responding to the attribute information is smaller because
the entropy value contains the uncertainty of the attribute. In
order to ensure the accuracy of subsequent experiments and
tests, the attribute with information gain greater than 0.3 is
selected as the main factor. The influencing factors affecting
the real estate price, i.e., monthly income level of residents,
per capita disposable income of residents, per capita housing
expenditure of residents and completed area of real estate,
are set as xy, X,, X3, X4, respectively, and the sales price of real
estate is set as E. The information gain corresponding to each
influencing factor can be calculated according to the above
contents. In order to avoid the lack of centralized distri-
bution of statistical data, the collected data are transformed
to show it in the form of 0 and 1, and the formula between
transformation rules is

J nj
ij = n

ayjt+ayi+e-ay,;
P —— N A

i=1,2,...L j=1,2,...,M,

ayj+ay;+e-a,;

0 a;;<
j
n

(8)

where a; represents the j unknown parameter.

3.2. Construction of the House Price Prediction Model Based on
Multiple Linear Regression. Among the many factors af-
fecting house prices, some are uncontrollable factors, such as
economic growth, and its impact mechanism on real estate
prices is shown in Figure 3.
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As shown in Figure 3, the impact mechanism of these
uncontrollable factors on the growth of real estate prices is
very complex. Therefore, in the quantitative analysis of these
factors, assumptions need to be made to eliminate the
impact of these factors on the research results, such as the
price of the target city remains stable. On this basis, we can
build a model to predict and analyze real estate prices. The
multiple linear regression model can solve the target factors
containing a variety of attribute information and make
statistics and analysis on the historical data distribution laws
of various influencing factors. Therefore, it can well reflect
the time-change characteristics of all factors in the model
and is suitable for the prediction of real estate prices. The real
estate price prediction process based on the multiple re-
gression linear model is as follows: if the extracted main
factor is x; ~ x,, the regression model for quantitative
analysis of real estate price is constructed, as shown in the
following formula:

E=a,x,+a,x, + asx; +a,x, + ¢, 9)

where ¢, is an unknown parameter independent of
the extraction of the main factor; that is, the random
variable introduced by the multiple linear regression
model. In the prediction and analysis of real estate prices,
because the data collected in the study are from different
cities, there is a large gap in various attributes, and the
data need to be normalized, as shown in the following
formula:

E-E=a,(x; - %)) +a,(x, = %,) + - +a,(x, — X,)s
(10)

where E is the average house price and X; is the average value
of the i influencing factor. Formula (10) can also be
expressed as the following formula:

AE = a,Ax; + ay,Ax, + -+ + a,Ax,y, (11)

where Ax; represents the data centralization of the i influ-
encing factor and AE represents the real estate price cen-
tralization. Set a matrix vector:

a= (al’az’%)‘h)T' (12)

In order to improve the accuracy of the real estate price
prediction model and enable it to correctly reflect the time
characteristics of house prices, the matrix vector of formula
(12) needs to be estimated by least squares in the multiple
linear regression model. In addition, it is necessary to
minimize the cumulative square sum S(a) of the residual
value ¢, in the time domain. The calculation method of S (a)
is shown in the following formula:

n
S(a) = Z (AE, — a;Ax,, — a,Axy, — a3Axs, — a,Axy, ),
i=1
(13)
where t represents time series. Find the partial derivative of

a, ~ a, in formula (13) and introduce matrices X, A, and B,
as shown in the following formula:
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F1GURE 3: Influence mechanism of economic growth on real estate prices.
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where Cov(i, j) represents the covariance between nu-
merical sequences of centralized data. Based on the above,
the solution of the unknown parameter matrix can be ob-
tained, as shown in the following formula:

B

A= X (15)

According to formula (15), the unknown variables can be
solved, and then, the location variables can be substituted
into the model. Combined with the fitting curve of the main
influencing factors extracted based on the information gain
method, the quantitative analysis and prediction of the
future real estate price trend can be realized. Among them,
the fitting curves of the main influencing factors need to be
analyzed according to the actual data, so as to find the curve
with the smallest error, so that it can better reflect the time
variation law of the influencing factors. Based on the above
contents, the real estate price prediction model can be
constructed based on the main factor extraction and

multiple linear regression model, and then, the real estate
market can be predicted and analyzed.

4. Performance Analysis of the Real Estate Price
Prediction Model

4.1. Correlation Analysis between Main Influencing Factors
and House Price. There are many factors affecting real estate
prices, such as market supply and demand, wage income,
and economic development level. There is a complex rela-
tionship between these influencing factors. If all the influ-
encing factors were substituted into the model, the amount
of calculation would be very large and the accuracy of the
model would be reduced. Therefore, it is necessary to extract
the principal component. The research uses the information
gain method to extract the principal components, selects the
real estate data of each city from 2010 to 2019 counted by the
National Bureau of Statistics for empirical analysis, and
selects four factors with an information gain value greater
than 0.3 as the main factors, namely, residents’ monthly
income level, residents’ per capita disposable income, res-
idents’ per capita housing expenditure, real estate completed
area, etc., which are set as x,, x,, x5, x4, respectively. The
correlation between each main factor and real estate price is
shown in Figure 4.

It is easy to see from Figure 4 that the monthly income
level of residents is significantly positively correlated with
the real estate price, r = 0.851; that is, the higher the monthly
income level of urban residents, the higher the real estate
price of the city and the better the real estate market of the
city. There is a significant positive correlation between
residents’ per capita disposable income and real estate price,
r=0.764, indicating that the higher the per capita disposable
income level of urban residents, the higher the real estate
price of the city and the better the real estate market of the
city. The per capita housing expenditure of residents is
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FIGURE 4: Correlation between each main factor and real estate price. (a) Relationship between x; and the house price (ten thousand yen). (b)
Relationship between x, and the house price (ten thousand yen). (c) Relationship between x; and the house price (ten thousand yen). (d)

Relationship between x4 and the house price (ten thousand yen).

positively correlated with the real estate price, r=0.517,
which is lower than the first two factors. The completed area
of real estate is negatively correlated with the real estate
price, r=0.612, indicating that the larger the completed area
of real estate in the city, the lower the real estate price in the
city. This is because the completed area of real estate will
affect the relationship between supply and demand in the
real estate market, making it slowly change to the trend of
oversupply, thus reducing the real estate price. The above
results show that the four main factors extracted in the study
have a great correlation with the real estate price, indicating
that the principal component extraction method based on
the information gain method can effectively extract the main
influencing factors of the real estate price. Based on the
above, when the government regulates house prices, issues
relevant policies, or investors want to invest, it needs to focus
on the factors such as the monthly income level of residents,
per capita disposable income of residents, per capita housing
expenditure of residents, and completed area of real estate.

4.2. Fitting Curve Analysis Based on the Real Estate Price
Prediction Model. Using the software SPSS 23.0 and the real

estate market data of city B in recent years counted by the
National Bureau of Statistics, the fitting curves of two
influencing factors of real estate completed area and per
capita disposable income of residents in city B and the fitting
curve of real estate price in city B are drawn, as shown in
Figure 5.

It is easy to see from Figure 5(a) that the completed real
estate area in city B is decreasing year by year, which shows
that the real estate market in city B is gradually saturated, but
generally speaking, the completed real estate area is in-
creasing. According to the correlation analysis of the above
contents, the increase in the completed real estate area may
either lead to the decline of house prices in city B or cause the
growth rate of real estate prices in city B to slow down. As
can be seen from Figure 5(b), the per capita disposable
income of residents in city B is increasing year by year, which
may lead to the growth of house prices in city B in the future.

As can be seen from Figure 6, the house price of city B
will still show an upward trend in the next few years, which is
consistent with the above content. In view of the future
growth of house prices, the government of city B should
issue corresponding macrocontrol policies to prevent the
rapid growth of real estate prices from damaging the stability
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of the real estate market, maintain the stable development of
the real estate market, and ensure the steady construction in
the new period.

4.3. Accuracy Analysis of the Real Estate Price Prediction
Model. According to the real estate data before 2010, the real
estate prediction model was used to predict the house prices
of four cities (A, B, C, and D) from 2011 to 2017, and the
results were verified by the real estate market data of four
cities from 2011 to 2017 counted by the National Bureau of
Statistics, so as to verify the prediction accuracy of the real
estate price prediction model. The prediction error per-
centage of the prediction model is shown in Figure 7.

As can be seen in Figure 7, the prediction errors of the
real estate price prediction models constructed in the study
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FIGURE 7: Prediction error percentage of the prediction model.

are small. Among them, the maximum prediction error is
the prediction of city A and city D in 2014, and the errors
between the predicted value and the real value are 7.6% and
—5.9%, respectively. The minimum prediction error is the
prediction of city A and city B in 2011. The errors between
the predicted value and the real value are —0.2% and 1.8%,
respectively. Figure 7 shows the real estate market data of
four cities from 2011 to 2017 from the National Bureau of
Statistics. It can be seen that the maximum error of the real
estate price prediction model is no more than 8%, and the
prediction error is very small, indicating that the real estate
prediction model can more accurately predict the changes of
real estate prices so as to provide data support for real estate
investment and government real estate price regulation.

5. Conclusion

Real estate is an important industry to stimulate China’s
national economy and promote GDP growth. Predicting and
analyzing real estate prices can help the government issue
appropriate regulatory policies, help investors formulate



correct investment strategies, and guide the healthy and
long-term development of the real estate market. Based on
the current situation of the real estate market and the
existing literature, this study summarizes the influencing
factors of the real estate price, extracts four main factors of
the real estate price by using the information gain method,
namely, the monthly income level of residents, the per capita
disposable income of residents, the per capita housing ex-
penditure of residents, and the completed area of real estate,
and constructs the real estate price prediction model by
using the multiple linear regression model. The results show
that there is a significant positive correlation between the
residents’ monthly income level and the real estate price,
r=0.851; there is a significant positive correlation between
per capita disposable income and the real estate price,
r=0.764; the per capita housing expenditure of residents is
positively correlated with the real estate price, r=0.517; the
completed area of real estate is negatively correlated with the
real estate price, r=0.612. The accuracy of the real estate
price prediction model is tested by using the real estate data
of four cities before 2020. The test results show that the
maximum prediction error of the real estate price prediction
model is 7.6%; the minimum prediction error is —0.2%. The
above results show that the prediction model can effectively
predict the real estate price and then predict the real estate
market and has high practicability. The study did not discuss
the impact of national policies on house prices, which needs
further research in the future.
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