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Abstract: On the basis of big data regarding the sold house price in Beijing from 2011 to 2017, this research aims to
exhibit a comprehensive and rational deducing progress in character with the justified and formulated variables and
visible results to be instrumental in the prediction of housing price in Beijing, and it attributes the dominated factors
amongst all dependent variables. In this paper, the hedonic price model is the primary analyzing tool to cope with the
intrinsic factors in real-estate estimation and prediction.
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1. Introduction

Effective price is a potent guide for decision or policy makers of a corporation to narrow down the divergence be-
tween customers’ expectations and the company’s lucrativeness. It is also why research topics about effective price
have been the core interests in the area of econometrics and its related fields. Hedonic price models are one of the most
applicable and efficacious measurements of estimating the value and obtaining an effective price. The intrinsic charac-
teristics of hedonic price models are to qualify the definition of convoluted dependent variables that might make an im-
pact on the study object to much the evidently distinct extent. Naturally, it explains the properties of product parameters
and their probable combinations™. This is also why it has been prevailingly utilized in the hospitality and real estate
industry ever since the theoretical basis has been built by [2] and [3]. Before delving into any analyzing particle, this
research and its comparative parameters should be defined within qualified and quantified boundaries with some rea-
sonable justifications as followings.

At this point in research, the dependent variables should be defined and justified within merely the internal factors
of house, and the research objects themselves are not compassing external factors, such as monetary policy regulation
on commercial housing price, building outdoor environment and international & domestic economy marketing perfor-
mance.

The time scope of this project mainly focuses on the sold houses during the past ten years. Any time beyond this
range has been so peculiarly lower than people’s expectations in accordance with the viewpoint of nowadays’ buyer.
Basically, because of the exceptional development of Beijing in its internationalized process, its house price has bur-
geoned drastically as a corollary of China’s economy steady-state growth.

Every recommendation and prediction made at the end of this paper is only meaningfully significant for the next
two or three years in case the accuracy cannot remain a delicate level once updated dependents are taken into considera-
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tion. In other words, the formulaic conclusion drawn in this paper is not an axiomatic equation; instead a mutable func-
tion commensurable with disparate circumstances.

2. Literature review

The study in the area of Hedonics is scintillating in the statistical literature for the past twenty years, and it is com-
pactly affiliated with the forecast of real-estate and property. As a standardized econometric tool for estimation, the he-
donic pricing model has been the fundamental methodology to determine the inherent dependent variables of the study
object™. For instance, the hedonic pricing model provides many perspective judgements about the characteristics of
research objects®®°!. Apart from that, there is more available information on the returns to housing investment due to the
work done by Case and Shiller after introducing the hedonic pricing model®®”. The development of hedonic studies
had been instantiated, in further, by the stimulation of the complicated statistical situation in various industries. In a
conclusion of this model, it makes an assumption that different attribution of different dependent variables services the

price of study object as a function listed as below to varying degreest®<.
P = f(x;) (2.1)
P(RE) = f(S) + f(L) + ¢ (2.2)

Where P(RE) is a function of housing price affected by several contributors. There are two functional forms of at-
tributes, the structural and locational ones.

3. Methodology
3.1 Data source

The raw data was collected by Lianjia.com with its open-source database in Beijing from 2011 to 2017. Lian-
jia.com is a domestic leader in China and a highly vertical real-estate service platform for the entire industrial chain in
the property business, which integrates house source information search, product development, big data processing and
service standard establishment. Considering what a renowned company and a house sold platform Lianjia.com is, driv-
ing data from this company is virtually incontrovertible concerning the authenticity of data. Besides, averting any pre-
sent interests’ conflict so as to choose data from slight behind nowadays’ trend shall guarantee the objectivity of data to
the greatest extent. Most notably, the topic of this paper is to exhibit the rational process of data analysis rather than to
focus on the conclusion of prediction and recommendation. After all, the dependent variables contributing to the study
object remain versatile swiftly from year to year. Nonetheless, the analyzing method to cope with these similar prob-
lems should be fixed within a relatively immutable frame, which is also what this paper pursues. More concretely, the
table below makes a demonstration of dependent variables this paper is taking into consideration.

Variables Description
totalPrice The total price of house (in 10000RMBs)
square The square of house (in m?)
livingRoom The number of living rooms
drawingRoom The number of drawing rooms
kitchen The number of kitchens
bathRoom The number of bathrooms
floor The height of the house
constructionTime The time of construction
Tower =1
buildingType Bungalow =2

Combination of plate and tower = 3
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Table 1. (continued).

Variables Description

buildingType Plate = 4
Other =1
Rough =2
Simplicity =3

renovationCondition

Hardcover = 4
Unknow =1
Mixed =2

Brick and wood = 3

buildingStructure

Brick and concrete = 4

Steel =5

Steel-concrete composite = 6.

The proportion between the number of residents on the same floor

ladderRatio and the number of elevators of ladder. It describes how many lad-

ders a resident has on average.
Have elevators = 1

elevator .
Otherwise =0

The owner has the property for less than 5 years = 1

fiveYearsProperty
Otherwise =0

The house has subway stops within 1 kilometre = 1

subway
Otherwise =0

Table 1. Variable definition and descriptive

3.2 Research method

The raw data is sorted and qualified through the excel and python respectively and by sifting out outliers and in-
complete data on account of the succinct observation, such as house price extremely lower than normal market expecta-
tion. The major data process is carried by R-code to find out what the interaction is amongst all dependent variables and
how much the contribution each dependent variable makes to the research topic. As for how to winnow out those irrel-
evant dependent factors from the raw data, the paper is using some published fairly-established opinions for reference,
which treats real estate as a heterogeneous good with various attributions ranging from locational and structural to spa-

tial attributions™®*,

Here are some formulaic-theoretical subgrades for later analysis.

IXi =X (=)
n

Cov (X,Y) =

InP = ay+ BrXaik + BxXnjk + BxXstk + €

H 0-scldition 1 H 0—:’;Zldditil;)n 1
0 O&rror B 1 0'2 >
error
SSaddition
F — Yfaddition. |
obs SSerror dfaqdition.dferror

dferror

4. Discussion and analysis

(3.2.1)

(3.2.2)

(3.2.3.1 & 3.2.3.2)

(3.2.4)

This section exhibits the detailed procedure of data processing with the in-depth analysis of their corresponding
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statistical significance by applying data collected in the year of 2011 via R-code. Next section will list the rest results
and sketchy explanation in the same statistical principle.

4.1 Summary of data

4.1.1 Digital analysis
This section presents the prosperities of variables via the table of succinct figures and picturable method, which
defines the size of data set in a general way.

totalPrice square livingRoom drawingRoom

Min. 4.0 Min. 20.00 Min. 0.000 Min. 0.000

1st Qu. 113.0 1st Qu. 58.49 1st Qu. 2.000 1st Qu. 1.000

Median 155.0 Median 75.61 Median 2.000 Median 1.000

Mean 181.9 Mean 84.85 Mean 2.043 Mean 1.216

3rd Qu. 216.0 3rd Qu. 102.23 3rd Qu. 3.000 3rd Qu. 2.000

Max. 1420.0 Max. 497.65 Max. 6.000 Max. 3.000

kitchen bathRoom buildingType constructionTime

Min. 0.0000 Min. 0.000 Min. 1.000 Min. 1954

1st Qu. 1.0000 1st Qu. 1.000 1st Qu. 1.000 1st Qu. 1994

Median 1.0000 Median 1.000 Median 4.000 Median 2001

Mean 0.9849 Mean 1.196 Mean 3.059 Mean 1999

3rd Qu. 1.0000 3rd Qu. 1.000 3rd Qu. 4.000 3rd Qu. 2004

Max. 3.0000 Max. 5.000 Max. 4.000 Max. 2015
renovationCondition buildingStructure ladderRatio elevator

Min. 1.000 Min. 2.000 Min. 0.0140 Min. 0.0000

1st Qu. 1.000 1st Qu. 2.000 1st Qu. 0.2500 1st Qu. 0.0000

Median 1.000 Median 6.000 Median 0.3330 Median 1.0000

Mean 1.014 Mean 4.299 Mean 0.3843 Mean 0.5423

3rd Qu. 1.000 3rd Qu. 6.000 3rd Qu. 0.5000 3rd Qu. 1.0000

Max. 4.000 Max. 6.000 Max. 2.0000 Max. 1.0000
fiveYearsProperty subway \\
Min. 0.0000 Min. 0.0000 \\\\
1st Qu. 0.0000 1st Qu. 0.0000 \\\\
Median 0.0000 Median 1.0000 \\\\
Mean 0.4798 Mean o174 | T— | T T [T
3rd Qu. 1.0000 3rd Qu. 1.0000 \\\\
Max. 1.0000 Max. 1.0000 \\\\

Table 2. Summary of variables with their statistical prosperities
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The graphic presentation exhibits the distribution and location of statistical points more vividly and directly.

Histogram of totalPrice Histogram of square Histogram of livingRoom Histogram of drawingRoom istogram of kitchen
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Figure 1. Graphic summary of variables with their statistical prosperities.
4.1.2 Covariance analysis amongst variables
By applying the Equation 3.2.1 computing similarity between the [12, 13], and the Pearson correlation coefficient,
it is to estimate the correlation amongst all variables. The ideal case is that none of the covariances is higher than 0.8 in
that the problem of multicollinearity can be neglected during the next-stage analysis. Table 3 depicts the results of co-
variance analysis.

totalPrice square livingRoom drawingRoom kitchen bathRoom
totalPrice 1.0000000 0.54924719 0.4236551 0.3526009 0.11530578 0.4351027
square 0.5492472 1.00000000 0.7124847 0.6065995 0.08375687 0.7250360
livingRoom 0.4236551 0.71248470 1.0000000 0.4834582 0.14821643 0.5536612
drawingRoom 0.3526009 0.60659954 0.4834582 1.0000000 0.22380701 0.5822231
kitchen 0.1153058 0.08375687 0.1482164 0.2238070 1.00000000 0.2336145
bathRoom 0.4351027 0.72503598 0.5536612 0.5822231 0.23361454 1.00000000

Table 3. Summary of covariance
4.2 Process of fitting model

Presenting as the examination of the residual plot, the regression models fitting between the original dependent
variable, total price and the rest independent variables are listed below.
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Figure 2. Regression fitting lines before and after logarithms transformation.

The y-axis in figures above represents Real Value — Fitted Value (= Residual). And also, the x-axis in figures above
denotes as the predicted Y by substituting real X (= Fitted Value). Apparently, it has a quadratic trend in Pic 4.2.1.
Hence, the residuals are not independently distributed in the original model, which violates the assumption of the mul-
ti-linear regression model. In other words, it is necessary to apply logarithms transformation to Y to generate Pic 4.2.2.
In plot 4.2.2, the residuals are identically and independently distributed roughly. Therefore, the assumption is not vio-
lated. Fitting line in the second picture is approaching to the line of y = 0, which proves a progressive improvement.

4.3 Overall test

The fitting-goodness of a linear regression model can be examined by the F-test of overall significance by using
Equation 3.2.3.1 & 3.2.3.2 and 3.2.4. As a result, corresponding F-value of the test is 149.5 and its p-value is perfectly
convergent to zero less than 0.05. Therefore, the model has its statistical significance, dependent and independent
equipping with a linear relationship, passing the F-test. Taking all dependent variables into consideration as a funda-
mental model, the table below concludes the details about dependent variables with their coefficients and other charac-

teristics.

Estimate Std. Error tvalue Pr (>[t]) Significance ?
Intercept 23.6983968 2.3988710 9.751 < 2e-16 falaled
square 0.0045270 0.0004119 10.889 < 2e-16 faaied
livingRoom 0.0970412 0.0152448 6.347 2.3%-10 falaied
drawingRoom 0.1017275 0.0189720 5.401 6.92e-08 faleie
kitchen 0.4631596 0.0553361 8.296 < 2e-16 falaled
bathRoom -0.0631619 0.0248823 -2.428 0.0152 *
buildingType -0.0103583 0.0086155 -1.202 0.2293 \
constructionTime -0.0101515 0.0012070 -8.410 < 2e-16 Fkk
renovationCondition 0.2182232 0.0420448 5.190 2.18e-07 il
buildingStructure 0.0865553 0.0063488 13.633 < 2e-16 falaied
ladderRatio 0.2229062 0.0529977 4.206 2.64e-05 faaied
elevator 0.0645851 0.0284432 2271 0.0232 *
fiveYearsProperty 0.1529519 0.0163096 9.378 <2e-16 il
subway -0.0010779 0.0152536 -0.071 0.9437 \

Table 4. Coefficients of variables
#Significance: 0 -- “***°; 0.001 -- “**°; 0.01 -- “*’; 0.05 -- *.”; 0.1 - ;1 - "
F- statistic = 149.5 on 13 and 5221 degree of freedom; P — value < 2.2e-16
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Besides, from this table above, it can be observed that the variables, except “building type” and “subway”, are sig-
nificantly important at the significance level of 0.05 if treated each dependent variable individually.

Hence, the aggregated relationship is shown below:

log(totalPrice) ~ (square + livingRoom + drawingRoom + kitchen + bathRoom + constructionTime + renova-
tionCondition + buildingStructure + ladderRatio + elevator + fiveYearsProperty) + (buildingType + subway)

4.4 Process of improving model

Applying nested F-test is to check whether the co-impact of these two insignificant variables can be neglected or
not. Here is the result of nested F-test.

RES.DF RSS DF SUM OF sQ F~PR(>F)
AMODEL 1 523 1501.3 o T T T
B MODEL 2 5221 1500.9 2 0.41685 0.725 0.4844

Table 5. Simulation results about nested F-test ANOVA in R
® Model_1: Nested model deleting two dependent variables.
® Model_2: Originally full model.
Reading from the table above, P = 0.4844;
The improvement has been made toward this modelling under such two assumptions:
HO: The two models before and after improving, are the same. In other words, BuuilgingType = Bsubway= O-
H1: The two models before and after improving, are significantly different. In other words, at least one of the pa-
rameters in § does not equal zero.
As the p-value is greater than 0.05, we cannot reject the null (HO) but reject H1. So, the model_2 after appending

two dependent variables is not a significant improvement. In a word, BuuildingType = Bsubway= O-

Estimate Std. Error t value Pr (>t]) Significance *
Intercept 23.6983968 2.3988710 9.879 < 2e-16 ek
square 0.0045270 0.0004119 10.990 <2e-16 Fkk
livingRoom 0.0970412 0.0152448 6.366 2.11e-10 ek
drawingRoom 0.1017275 0.0189720 5.362 8.59¢e-08 falele
kitchen 0.4631596 0.0553361 8.370 < 2e-16 il
bathRoom -0.0631619 0.0248823 -2.538 0.01116 *
constructionTime -0.0102846 0.0012018 -8.558 < 2e-16 ek
renovationCondition 0.2171200 0.0420324 5.166 2.49e-07 Fkk
buildingStructure 0.0869723 0.0063387 13.721 < 2e-16 il
ladderRatio 0.2007084 0.0496517 4.042 5.37e-05 Fkk
elevator 0.0799994 0.0253784 3.152 0.00163 *x
fiveYearsProperty 0.1543686 0.0162652 9.491 <2e-16 il
Table 6. Coefficients of variables after adjustment
#Significance: 0 -- “***°; 0.001 -- “**°; 0.01 -- “*’; 0.05 -- *.”; 0.1 - ;1 - "

F- statistic = 176.6 on 11 and 5223 degree of freedom; P — value < 2.2e-16

Then the final model is followings:

log(totalPrice) ~ 0.0045270square + 0.0970412livingRoom + 0.1017275drawingRoom + 0.4631596kitchen +
-0.0631619bathRoom + -0.0102846constructionTime + 0.2171200renovationCondition + 0.0869723buildingStructure
+ 0.2007084ladderRatio + 0.079999%4elevator +0.1543686fiveYearsProperty + 23.6983968

5. Result exhibitions of seven-year data

The data processing of other years, instead of 2011, is similar to what has been exhibited in 2011 with distinct re-
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sults due to the very various data sets. In this section, there are going to present a summary of models in the rest years.

2012:

log(totalPrice) ~ 0.0073992square + 0.0738736livingRoom + 0.0577131drawingRoom + 0.1295710kitchen +
-0.0547004bathRoom + -0.0099324constructionTime + 0.0419271buildingStructure + 0.0476998ladderRatio +
0.1112577elevator + 0.0761803fiveYearsProperty + -0.0062817buildingType + 23.8837765

2013:

log(totalPrice) ~ 0.0065911square + 0.071924livingRoom + 0.0659200drawingRoom + 0.1918934kitchen +
-0.0756613bathRoom + -0.0110727constructionTime + 0.0382882buildingStructure + 0.0963845ladderRatio +
0.1347686¢elevator + 0.1046632fiveYearsProperty + 26.4327825

2014:

log(totalPrice) ~ 0.0065326square + 0.0958597livingRoom + 0.0653894drawingRoom + 0.1275215kitchen +
-0.0309858bathRoom + -0.0088322constructionTime + -0.0121253renovationCondition + 0.0275171buildingStructure
+ 0.1453614elevator + 0.0657031fiveYearsProperty + 0.0097885buildingType + 22.0769707

2015:

log(totalPrice) ~ 6.662e-03square + 8.814e-02livingRoom + 8.120e-02drawingRoom + 1.947e-Olkitchen +
-2.680e-02bathRoom + -1.281e-02constructionTime + 1.949e-02renovationCondition + 3.537e-02buildingStructure
+ 7.324e-02ladderRatio + 1.571e-01elevator + 5.382e-02fiveYearsProperty + 7.412e-03buildingType + 2.984e+01

2016:

log(totalPrice) ~ 6.326e-03square + 7.513e-02livingRoom + 1.019e-OldrawingRoom + 2.836e-Olkitchen +
-4.320e-02bathRoom + -1.410e-02constructionTime + 4.529e-02renovationCondition + 2.892e-02buildingStructure +
1.471e-01 ladderRatio + 1.867e-01 elevator + -2.300e-02 fiveYearsProperty+ 6.107e-03buildingType + 3.260e+01

2017:

log(totalPrice) ~ 6.871e-03square + 7.119e-02livingRoom + 8.931e-02drawingRoom + 3.341e-Olkitchen +
-2.970e-02bathRoom + -1.243e-02constructionTime + 1.502e-02renovationCondition + 2.012e-02buildingStructure +
1.881e-01elevator + 2.518e-02fiveYearsProperty + 1.004e-02buildingType + 2.963e+01

6. Conclusion

From the results of high-volume data, some dependent variables had been playing an essential role in the house
price estimation, such as the square of house, the number of living rooms, the number of drawing rooms, the number of
kitchens, the number of bathrooms and the height of the house, and they kept appearing as determining terms in the
equation of estimation in every year from 2011 to 2017. In another word, they predominantly influenced the house price
in Beijing for the past decades. In the near future, they are still worth paying close attention to. Whereas, some factors
might not be as important as the ones aforementioned, like the type of buildings and the condition of renovation. They
might make a difference in the house price from time to time during the past years. But they are definitely not the prior-
ity to confirm every time when making a marketing prediction. Last, the factor of the subway distribution is never sta-
tistical meaningful towards this model, which means that it can be confidently ignored when a market analysis is pro-
posed in the next few years. As the fluctuation of preference of housing purchasing, this model only has its statistical
meaning within a reasonable time span not eternally.

This paper highly focuses on the interpretation of data processing, not the results itself. By substituting the differ-
ent category of data in the same principle, there is always a relative sound conclusion drawn to be a recommendation.
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