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ABSTRACT

Linear regression method is one of the methods for assessing real estate batch. The defects of
simple linear regression method are analyzed concretely in this paper, by selecting Foshan city real
estate trading information for samples with empirical method. Equal linear regression is applied to
analyze the housing prices in Foshan, by comparing the effect of linear regression and standard
regression analysis of data, observing different regression models, analyzing the impact of pings
number, room number, hall number, number of bathrooms and the age of the building variables on
housing prices, to improve the linear regression method. The results show that if using the standard
square regression to analyze, there may be undervalued and overvalued, which cannot correctly
reflect what is the real factors that influence the estate price. This paper found that in the high-priced
estate, if using the standard linear regression to estimate there, the number of rooms and the age of
the building will be undervalued, and the number of bathrooms will be overvalued.
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1. INTRODUCTION

Since China began to implement the reform of
the housing system in 1998, the price of property
in China has continued to soar. In recent years,
the state has made greater efforts to regulate
and control the real estate industry. The number
of policies promulgated has gradually increased.
After years of state regulation of the housing
market, housing prices have eased somewhat. In
today's volatile housing market, it is important to
use a proper valuation method to make a
reasonable valuation of the property. In view of
this, this paper will study the variables such as
the number of pings, the number of rooms, and
provide some advice for property valuation.

In the past, most of the researchers used a least-
squares regression to perform regression
analysis on the data when evaluating the real
estate volume(Zhao Yuanyuan,2008) [1,2,3]. In
addition, the quantile regression model proposed
by foreign scholars (Koenker and Bassett,1978)
[4,5,6] has also been widely used in the study of
real estate batch valuation. For example,
domestic scholars Zhang Yiwen and Jiang
Yinghui [7] used the quantile regression model to
study the effect of commodity housing's own
property on real estate prices in atypical
residential buildings in 1997, verifying that the
standard regression model cannot accurately
estimate the distribution of property prices for
various characteristic attributes. The conclusion
of the difference, and thus put forward the
method of using the quantile regression model to
evaluate the real estate. However, it is complex
and difficult to understand, and it is difficult to
study [8,9].

Therefore, in this paper, we use another method
called Multiple Equal Part Linear Regression
Model (EPLRM), is was proposed by Professor
Pan(2017). It can divide analysis data into
several equal parts to build the linear regression
model. This way, the model trend of each equal
part can be independently observed. In addition,
it can also be compared with the general linear
regression [10,11,12].

Professor Pan has used this method to analyze
the impact of the input of fixed assets stock and
input of human capital stock of China
government on GDP. By collecting a group of
sample data of 21 years, he draws a conclusion
that insufficient input of fixed assets stock will

result in a noticeable decrease of GDP and
suggested that government should input fixed
assets stock to considerably facilitate the growth
of GDP in China [13].

2. STUDY METHOD
2.1 Equal Part Linear Regression Model

In this paper, we adopt the Multiple Equal Part
Linear Regression Model (EPLRM) which
proposed by Professor Pan (2017). It can divide
the analysis data into several equal parts and
build the linear regression model respectively. In
this way, the trend of each equal parts can be
independently observed. Also, it can be
compared with the standard linear regression. By
using this method, we can learn that whether
there will be undervalued or overvalued if using
least square regression analysis and find out the
real factors that influence the real estate price.

Assume vy is a continuous dependent variable
dependent on x. The analysis data is divided into
several equal parts and built fit linear regression
model for the different equal parts. These three
linear regression equations can be expressed as:
yE = B+ BIX + &
Others such as standard estimation:
G DA )
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Coefficient of determination and confidence
interval:
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Symbol “t”
equation.

is added at certain points in the

2.2 Variable Description and Data Source

In the case, this paper uses the house price to
carry out factor analysis. The number of pings
(X1), the number of rooms (X2), the number of
halls (X3), the number of bathrooms (X4) and the
age of the building (X5) are taken as the study
objects [14,15,16,17].

The study takes 550 Foshan'’s real estate data to
analyze in R program. And these data come from
the database of China major real estate such as



Yang and Chen; JEMT, 21(5): 1-7, 2018; Article no.JEMT.41833

Table 1. Foshan sample description statistics

Variable mean S.D min max

Y 226.16 264.69 25.00 2980.0
X1 127.55 93.28 34.5 767.79
X2 3.20 0.97 1.00 8.00
X3 1.98 0.42 0.00 4.00
X4 1.92 0.90 1.00 7.00
X5 5.40 4.64 1.00 26.00

HomeLink Real Estate, JiadJiaShun Real Estate
and so on.

Table 1 is the sample statistics for Foshan.

3. CASE STUDY

3.1 Variable Descriptive Statistics and
Correlation Analysis

The empirical analysis takes house price (Y) as
the dependent variable, and takes the standard
regression analysis of the number of pings (X1),
the number of rooms (X2), the number of halls
(X3), the number of bathrooms (X4) and the age
of the building (X5). Table 2 is the narrative
statistics of standard Regression for the sample
data of Foshan, and our study mainly focus on
the impact of property characteristics on house
prices [18,19].

Table 2. The Standard regression coefficient
and constant

Coefficients

dependent variable, number of pings (X1),
number of rooms (X2), number of halls (X3),
number of bathrooms (X4), the age of the
building (X5 ) as independent variable. We divide
the data into three parts for multiple equal linear
regression.

From Table 3, it is found that the number of pings
(X1) and the number of halls (X3) are more
significant in the first equal part, the number of
bathrooms (X4) is more significant in the second
equal part. In order to find out the variables that
really affect house price (Y), we need to analyze
the data further.

So this paper use stepwise regression to ensure
that the resulting set of explanatory variables is
optimal. Each variable is introduced into the
model one by one, and an F-test is performed
after each explanatory variable is introduced.
The t-test is performed for the selected
explanatory variable one by one. If the originally
introduced explanatory variable is no longer
significant due to the introduction of explanatory
variables, and it will be delete. And from the

Constant -48.442820 result of Table 4, number of rooms (X2) and
X1 2.698195 number of halls (X3) are found that not significant
X2 -7.678986 in the model. Therefore, we excluded the
X3 -1.849502 interference of X2 and X3 and mainly focus on
X4 -17.236979 the influence of other variables on Y.

X5 -1.512460

From Table 2, it can see that in the linear
regression model, the number of rooms (X2),
number of bathrooms (X4), the age of the
building (X5) and house prices (Y) are negatively
correlated. There was a slight negative
correlation between the age of the building (X5)
and house price (Y), a significant negative
correlation between room number (X2), and a
very significant negative correlation between
bathroom number (X4) and house prices.

3.2 Multiple Equal Part Linear Regression
Model Analysis

Take the sum of the data collected from Foshan
as a sample, take house price (Y) as the

Table 5 is the sample statistics statement after
adjusted. From the above table, it is found that in
the first equal part, the number of pings (X1) and
the age of the building (X5 ) are more significant.
In the third equal part, the number of pings (X1)
and the number of bathrooms (X4) are more
significant.

Next, this paper will focus on the number of pings
(X1), the number of bathrooms (X4) and the age
of the building (X5), as well as their impact on
house price (Y).

The following figures show the trajectories of the
equal part linear regression’s coefficients and the
confidence intervals. The red dashed line is the
standard linear regression line, and the upper
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Table 3. Multiple equal linear regression sample description statistics

LRM EPLRM =1 EPLRM t=2 EPLRM t=3

R?=0.79 R?=0.83 R?=0.80 R?=0.67
Stat. Conf. T Sig. Conf. T Sig. Conf. T Sig. Conf. T Sig.
X1 270 3231 ** 288 20.00 *** 247 1767 *** 1.98 1192 **
X2 768 -091 - 069 004 - 962 075 - 904 -073 -
X3 -1.85 -0.12 - -79.86 -2.65 ** 4030 1.78 * 3236 150 -
X4 1724 198 ** 129 -007 - 4485 -325 ** 382 029 -
X5 151 134 - -094 -0.33 - -10.48 -1.41 - 311 059 -

note: *indicates 10% significance level; **indicates 5% significance level; ***indicates 1% significance level
Table 4. Stepwise regression analysis of the variables
d=read.csv(file="testdata.csv’',header=T)#i% B # {8
attach(d)

1m. model=Im(Y~. ,data=d)#B = # T H4 M BT H 1

summary(Im.model #EF S mE U EIFE R
step.model=step(Im.mode1)#i% & 4 ';'3 A
summary(step.mode1 +EFFF HITLE R

Coefficients:

Estimate std. Error © value Pr=|t]|)
(Intercept) -67.74919 13. 87775 -4,.882 1.3Be-06 #=#¥
X1 2.65372 0.07275 326.479 < 2e-16 ##=¥®
X4 -18.43418 7.47430 -2.466 0.014 =
X5 -1.58648 1.10487 -1.4386 0.152
signif. codes: O “##%' 0,001 ***' 0.01 °“*' 0.05% “." 0.1 * "1

rResidual standard error: 120 on 545 degrees of freedom
Multiple R-squared: 0.7957, Adjusted R-squared: 0.
F-statistic: 707.5 on 3 and 545 DF, p-value: < 2.2e-16

7946

Table 5. Multiple equal linear regression adjusted sample statistics statement

LRM EPLRM =1 EPLRM =2 EPLRM =3
R*=0.80 R*=0.75 R’=0.74 R*=0.76
Stat. Conf. T Sig. Conf. T Sig. Conf. T Sig. Conf. T Sig.
X1 2.70 36.5 025 334 * 081 1.60 - 2.61 20.00 ***
X4 -1840 -25 ** -1.82 -0.56 827 184 * -42.06 -2.89 ***
X5 -1.59 144 - -0.58 -0.90 * -1.13 215 ** 5.22 142 -

Fig. 1. The trajectories of the multiple equal part linear regression’s coefficients and the
confidence intervals(X1)



and lower straight horizontal lines are the
confidence intervals of the standard linear
regression. The irregular black line is the equal
part linear regression line. The upper and lower
gray areas are the confidence intervals for
equally divided linear regression.

From Fig. 1, it can be seen that the equal part
linear regression lines of the number of pings
(X1) in Foshan is located above the confidence
interval of the standard linear regression in the
third part. By comparing the data analysis results
of the equal part linear regression and the least-
squares regression, we find that in the third equal
part of the data, there is a significant difference
between the two regression models. In other
words, if we use standard linear regression to
estimate high-priced estate, there will be
underestimation. This paper believes that buyers
in Foshan have higher potential demand for
houses with a larger number of pings.

0 100
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From Fig. 2, it can be seen that the equal part
linear regression line of the number of bathrooms
in the second part is located above the
confidence interval of the standard linear
regression. It means that in the middle-priced
estate, the number of bathrooms has a greater
impact on house prices.

In addition, the equal part linear regression line
of the number of bathrooms in the third part is
located blow the confidence interval of the
standard linear regression which indicated that in
high-priced estate, the number of bathroom may
seem not too important.

The difference between the two regression
models is larger, that is, the degree of
significance is higher and there is an
underestimated situation. Due to the cancellation
of China's family planning policy, people in

middle class tend to possess a house with more
bathrooms.

200 300

Fig. 2. The trajectories of the equal part linear regression’s coefficients and the confidence
intervals(X4)

Fig. 3. the trajectories of the equal part linear regression’s coefficients and the confidence
intervals(X5)
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Table 6. F Examination of difference between different equal parts

Variable ™1 — 12 ™1 —13 T2 — 13
F_value Sig. F_value Sig. F_value Sig.
Constant 0.4066 o 0.0035 ok 0.0088 o
X1 0.8359 - 0.02826 el 0.0338 i
X4 0.7722 * 0.2126 el 0.2753 o
X5 1.1266 e 2.0184 el 1.7916 il

note: *indicates 10% significance level; **indicates 5% significance level; ***indicates 1% significance level.

Table 7. Multiple equal linear regression coefficient difference F test

Variable Tl —12 1 — 13 T2 — 13
F_value Sig. F_value Sig. F_value Sig.
Constant 0.40664796 e 0.003586985 o 0.00882086 i
X1 0.835935484 - 0.028267616 o 0.033815548 i
X4 1.102663294 - 0.431273277 o 0.391119646 o
X5 1.76231003 e 0.747164948 * 0.423969072 o

note: *indicates 10% significance level; **indicates 5% significance level; ***indicates 1% significance level.

From Fig. 3, it can be seen that the equal part
linear regression line in the third part is located
above the confidence interval of the standard
linear regression. So, if we use the standard
linear regression to estimate the price, the impact
on high-priced estate may be underestimated. It
can be concluded that the age of the building
have been underestimated when house prices
are at high points. This paper believes that the
reasons may be as follows: First, old buildings
are mostly concentrated in the old town or in the
city center. The location is superior and the
transportation is convenient. The second is the
old building style and historical value that make
buyers prefer to owning.

Table 6 shows the difference examination
between groups carried out for original data in
this paper. F examination is carried out
respectively for data of each equal part. Table 6
shows that in the multiple equal part linear
regression model, there is significant difference
between the first equal part and second equal
part of X1 and X2. And there is significant
difference between the second equal part and
the third equal part of all the variable. Therefore,
further detailed analysis is required.

Table 7 shows that among the three coefficients
of linear regression, there is a significant
difference there is a significant difference
between first and the third equal part, first and
third equal part. This result is consistent with the
expectation of the linear regression model of
equal parts. These differences can be
determined with the linear regression equations
for each parts.

4. CONCLUSION AND SUGGESTIONS

Linear regression which can not probe deeply
into the significance of some extreme value data
implied by the real data. Multiple equal part linear
regression model can divide the analysis data
into several equal parts and build the linear
regression model respectively. In this way, the
trend of each equal parts can be independently
observed. And by this, the the empirical analysis
found that:

In Foshan, the number of housing pings and the
building age variable, if estimated by the
standard regression, the impact on the house
price in the high price part will generally be
underestimated. It is suggested that high-priced
estate requires more pings and better location.
As for the number of bathrooms, it is
overestimated in the high-priced estate, and it is
suggested that real estate developers should
always pay attention on customers’ demand and
design more suitable units.

In addition, the analysis method of the
multiple equal part linear regression linear
regression model used in this paper is
seldom used as the research method. It is
used for the first time in the real estate
appraisal. In addition, this method can be
extended to the property valuation in other
districts. It can also be extended to other large
appraisal models, such as real estate tax
assessment and inventory valuation, which can
effectively avoid data distortion caused by
extreme data values [18,19,3].
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