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Abstract: This study takes the city of Taichung, Taiwan, as the research area, combines the survey
results about the demand for residential houses for the next year, and uses relevant parameters and
data of real price registration as the prediction results. In this study, eight types of school district
features (such as teachers and students of secondary and elementary schools) and five types of
air pollution features are selected and processed with a data mining method to discover the total
transactions of real estate properties in various districts of Taichung. The results of K-means clustering
and decision tree classification reveal that the four districts of the old Taichung City, namely, Beitun
District, North District, Xitun District, and Nantun District, have houses meeting the conditions of egg
yolk districts; houses in the old Taichung County have attributes of egg white districts. The results of
decision tree classification show that the total price is the most important attribute influencing egg
yolk and egg white districts.

Keywords: data mining; real price registration; school districts features; air pollution features

1. Research Background and Objectives

House prices have long been an issue of importance to Taiwanese society. The “justice of
living” has been frequently brought up for discussion during each election. However, under
the free market mechanism, buyers’ and sellers’ subjective will is not the same and some-
times hugely differ from each other, leading to the trend of continuously rising house prices
in Taiwan. Under these circumstances, where a consensus on price is hard to achieve,
the government has introduced the Act of Real Price Registration to improve information
transparency and transaction equality of house transactions in hopes of alleviating the
situation of transaction opacity.

In 2011, the Legislative Yuan passed the revised provisions for implementing the “three
regulations of land administration on real price registration”. The implementation concerns
three regulations, the Real Estate Broker Management Act, the Land Act, and the Equalization
of Land Rights Act. Buyers and sellers of real estate, relevant land administration agents,
and real estate brokers must record the actual transaction price in the registration system;
the above behaviors are called “three acts of land administration on real price registration”.
Within 30 days of the house transaction and completion of all procedures of ownership
transfer, the proprietor must take the initiative to declare to authorities the relevant informa-
tion, including the actual transaction price. The transfer of “land ownership” and “creation
of pawning rights” can be excluded from the declaration. The proprietor and obligor must
declare the current value of the land transfer within 30 days of the date of the deed. In the
case of presale homes, the actual transaction price shall be submitted to authorities for
auditing within 30 days of expiration and termination of the “commission contract”.
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According to the survey on the residential house demand trend in 2019 conducted by
the Ministry of the Interior among people who planned to rent houses in the following year,
over 40% are residents of Taichung. Moreover, the survey found that the total population
of Taichung reached 2.815 million with a population growth of 11,000 new residents, and
the general public has no professional knowledge of the real estate market. According to a
report issued by Citibank in 2016, “in the real estate market in 2016, up to 60% of the buyers
hope that the ideal price of the house they purchase is lower by 10% than the transaction
price recorded in the real price registration system, while 60% of the sellers still believe that
the market price is 10% higher or lower than the price recorded in the real price registration
system. This shows that buyers have a high degree of expectation for a price cut, and there
is a gap in terms of price awareness” [1]. There are also studies on other important factors
affecting the price of rental houses, such as the financial crisis in 2008 and the COVID-19
emergency in 2020 [2].

According to the statistics of the World Health Organization (WHO), in 2019, about
7 million people worldwide died due to air pollution, higher than the combined population
of five cities and counties in the central regions of Taiwan (Miaoli County, Taichung City,
Changhua County, Nantou County, and Yunlin County). In 2016, the International Agency
for Research on Cancer of the WHO classified fine suspended particulates (PM2.5) as a
class-1 carcinogen, indicating that it is one of the main environmental factors contributing
to cancer deaths. The higher the level of PM2.5 concentration in the air, the higher the rele-
vant risks of lung cancer, stroke, ischemic heart disease, and chronic lung disease. The air
pollution issue in Taichung City has been repeatedly reported by the media. Some archi-
tecture firms in the Taichung region also noticed the air pollution problem and started to
provide air pollution protection equipment, including total heat exchangers with filters,
external air filtration systems, and nanometer-level window screens, and used this as a
new selling point of their projects. Certainly, consumers in Taichung City have included
the air pollution issue as one of their considerations while purchasing houses.

Education has always been the biggest concern for Taiwanese people when it comes to
the next generation. The education expenditure provided by parents starts to increase from
the time that their children reach school age. It is highly possible that parents worldwide
hope to live near schools so that they need not take their children to and pick them up after
school. As a result, houses close to schools have good opportunities to sell at a better price.
In Taiwan, junior high schools aim for the goals of “equal opportunities for education”,
“realization of national education”, “popularization of education”, and so forth.

This study uses the data of five monitoring stations in Taichung City set up by the
Environmental Protection Agency of the Executive Yuan. The five stations are located in
Xitun, Chongming, Fengyuan, Shalu, and Dali. The data are air quality index (AQI) data
of ozone (O3), fine suspended particulate matter (PM2.5), suspended particulate matter
(PM10), carbon monoxide (CO), sulfur dioxide (SO2), and nitrogen dioxide (NO2) during
the years 2015–2018. According to the degree of impact of these pollutants on human
health, this study calculates their sub-index respectively and then uses the maximum level
of various sub-indexes of the day as the station’s AQI on that day [3].

In line with the “Open Government” and “Open Data” principles, the Taichung
Municipal government actively releases public data from various municipal authorities.
This study uses the number of national primary and secondary schools, the number of
male and female teachers, and the total number of students in each district of Taichung
City from 2015 to 2019 provided by the Taichung City Department of Education [4].

The study processes the real price registration data with the data mining method,
combines the features influencing house prices as concluded in the literature review, and
discusses the features affecting house prices in the Taichung region. It is hoped that the
study can provide the findings to house buyers for reference and also verify whether the
features of real price registration can effectively serve as the basis for house valuation.
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2. Research Literature: Real Price Registration

As the name suggests, “real price registration” means that the buyer and seller of real
estate property and land administration agents must declare the actual transaction price
into the registration system; this is called “three acts of land administration on real price
registration”. The proprietor shall take the initiative to declare to authorities the relevant
information within 30 days of the house transaction and the completion of all procedures
of ownership transfer, and the information shall include the actual transaction price while
the transfer of “land ownership” and “creation of pawning rights” can be excluded from
the declaration. The proprietor and obligor must declare the current value of the land
transfer within 30 days of the date of the deed. In the case of presale homes, the actual
transaction price shall be submitted to authorities for auditing within 30 days of expiration
and termination of the “commission contract”.

The relevant real estate information that buyers and sellers need to register is listed in
Table 1.

Table 1. Data attributes of real price registration.

Target of Transaction Target Information Price Information

House number at a land section Total area of land transfer Total price of house transaction
House number at a building section Total area of building transfer Total price of real estate transaction

Immovable property mark Total area of parking space transfer Total price of building transaction
Number of buildings per transaction Division of use area Total price of parking space transaction

Current layout of the building Unit price per square meter
Type of parking space Year and month of the transaction

Type of community management

Zhu-hua, who is the author of Taiwan’s real estate policy of “200,000 residential houses
in the society in 8 years”, has the following opinion on real price registration: “The imple-
mentation of real price registration can indeed effectively release concerns from the society
about the data source of house price, and it also provides confidence to the government
in releasing relevant statistical information. Although before the implementation of real
price registration, in practice, some alternative data could be used to carry out the same
analysis, and the results obtained did not necessarily deviate from the actual cases by a
lot. Nonetheless, the information released by the government assuredly needs to conform
to stricter ‘public credibility’ standards. More importantly, under the premise of ‘public
credibility,’ the legitimacy, integrity, and universality of utilizing relevant information
are also improved. This is the most precious and important significance of the real price
registration system. This is a start for people to pay attention to the ‘public credibility’ of
market information, and the core foundation for the integrity and universality of market
information” [5].

The theory of “hedonic pricing” was put forth by Rosen in 1974 [6], and the hedonic
demand function was developed with respect to buyers and sellers. Buyers pursue high
product performance, and sellers pursue high prices, and the two parties will decide the
product features and price. However, the market transaction price represents a balanced
hedonic price; accordingly, the following equation was put forth [7]:

P_i = (X_(1,i), X_(2,i), . . . , X_(m,i) + E) (1)

Since then, a number of foreign studies have used the hedonic pricing method, as
summarized in Table 2.

Based on the above, commodity prices are influenced by various kinds of features.
Moreover, when one feature changes, the commodity price changes as well. A study by Wu
in 2020 on high-rise and low-rise collective residential buildings from 2012 to 2019 found
that apartments on the 10th floor sell at a higher price in a high-rise building than in a
low-rise one.
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Table 2. Foreign research literature on the hedonic pricing method.

Researcher Region Research Time Research
Subject Research Results

Estes and Smith
(1996) [8] Arizona, United States 1994 Fruits and

vegetables

The price of fruits and vegetables
will be affected by “packaging,

size, and organic product label”.

Combris, Lecocg And
Visser (1997) [9] Bordeaux, France 1992 Bordeaux

wine

Wine price will be affected by
the objective quality indicated

on the bottle.
Gibbs, Halstead,
Boyle And Hung

(2002) [10]

New Hampshire,
United States 1990–1995 Cleanness of

lake water
Cleanness of lake water will

affect the price of houses nearby.

Freccia, Jacobsen and
Kilby (2003) [11]

Cigar production
places 1992–1999 Cigars

The effect of cigars made in
Cuba has the largest effect

among all features.

T. Connell-Variy, B.
Berggren, and T.

McGough (2021) [12]
Queensland, Australia 2000–2018 Local mineral

products

By comparing the resource
reliance on the community in

various countries regarding two
independent resource areas,
house price area is studied
through resource relation.

2.1. House Features

Based on the hedonic pricing theory, the features of real estate property determine
its price. The features can be divided into two major categories, internal and external
features. Internal features include the bedroom, living room, shower, building area, floor,
the land area of the entire building, house age, division of use area, building height,
parking space, and building materials. There are five types of external features, “yes in my
backyard” (YIMBY) facilities, “not in my backyard” (NIMBY) facilities, environment quality,
population, and overall environment. Consumers prefer YIMBY facilities when choosing
real estate property; such facilities include schools, parks, and other public facilities, as
well as transportation facilities. More factors include road width, green space, and the
distance between downtown and the workplace, which affect living convenience around the
house. Some examples of NIMBY facilities are funeral parlors, crematoriums, waste yards,
sewage treatment factories, and power substations. In terms of environmental quality,
it includes the level of ambient noise, air quality, chances of flooding, and demographic
structure of the community (e.g., education level, race, disposable income, and type of
occupation). The overall factors are, for example, tax revenue, foreign exchange rate, stock
index, consumer price index, and interest rate [13], and some studies also identified a
significantly negative correlation between house price and marriage rate [14].

2.2. School District Features

In 1956, Tiebout suggested that in terms of the consideration of moving, the selection
of school districts is included to achieve the result of “voting by feet” [15]. In the action of
moving, the house transaction is the largest cost. In 1969, a study by Oates (1969) indicated
that the number of people and the cost of going to school in the school district affect
house prices [16]. Since then, much literature has proved that school districts affects house
prices [17,18].

In terms of domestic research, the study by Ku found that in New Taipei city, ele-
mentary school district features have a significant impact on house prices in those areas
with high real estate property prices. Several domestic and foreign sources mention that
factors that measure the quality of a school district include examination scores, education
expenditure per student, teaching experience of the faculty, ethnicity, and others. In Taiwan,
the subsidies schools receive and data on students enrolling in a higher institution are not
made public, so society widely perceives a sought-after school district as equivalent to a
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good school district. Most people believe that compared with the regular school district,
going to schools in a sought-after school district means better performance in the entrance
exam to a higher school.

2.3. Air Quality Features

In 1990, the U.S. Congress revised and passed the Clean Air Act, which stipulates that
environmental protection agencies must guarantee people’s right to know about air quality.
Therefore, the U.S. Environmental Protection Agency formulated the National Ambient
Air Quality Standards. Moreover, to facilitate the understanding of the general public, the
Pollutant Standards Index was developed [19].

The domestic studies on air quality and real estate property price features are summa-
rized in Table 3.

Table 3. Relevant domestic studies on real estate property price features.

Author Real Estate Property Price Features Analysis Factor

Yeh (1993) [20] Residential house transaction price in 1991 PM10

Lin (1992) [21] Survey data of the Directorate General of Budget,
Accounting, and Statistics in 1989 Air pollution and odor

Wu (1995) [22] Adjusted residential house price in 1994 TSP

Gieng, Wang, and Lin (2000) [23] Investigation of residential house status in
Kaohsiung region in 1994 CO, PM10

Lin (2008) [24] Town House Real Estates in the Old CBD Area of
Taichung City

Housing prices and other
housing features

Chen (2012) [25] Central Taiwan Science Park on Local Housing
Price from 2003 to 2012

Impact of Central Taiwan Science
Park on Home Prices

Tasi (2015) [26]
The value assessment of climatic conditions and
air quality in the Taiwan metropolitan area from

2003 to 2012
Temperature, Rainfall, Air Quality

Wu (2020) [27] The effect of air pollution on housing prices in
Taichung City from 2016 to 2018

Rainfall, Season, and Air
Pollution Factors

2.4. Literature on Data Mining

“Data mining” can find information that has not been discovered before or that has
potential value. In recent years, the trend of using big data technology to conduct mining
on decipherable data has been growing. Table 4 summarizes the definitions by foreign
scholars on data mining.

Table 4. Studies by scholars on data mining.

Scholar Time Definition

W. Frawley, et al. [28] 1992 Extract potentially useful and non-general information from the past
unknown information implied by data.

D. Hand, et al. [29] 2001 Data mining is a science that searches for useful information from the big
data database.

R. Grossman [30] 2001 Data mining uses a semi-automated extraction model on data to discover
correlated and statistically meaningful datasets.

F. Guevara-Viejó,
J. D. Valenzuela-Cobos,

A. Grijalva-Endara,
P. Vicente-Galindo, and P.

Galindo-Villardón [31]

2022 The K-means clustering algorithm and PCA Biplot discover the result
value stably produced through observation value of different parameters.

Y.-S. Chen, C.-K. Lin, Y.-S. Lin,
S.-F. Chen, and H.-H. Tsao [32] 2022

This study consolidates the calculation of 7 kinds of data mining
technologies, such as decision tree, Bayes, Function, Lazy, Meta, Mise,

and Rule, and 23 kinds of important clustering algorithms (or classifier),
and finds out the best classifier among them.

Source of data: Summarized by this study.



Sustainability 2022, 14, 6433 6 of 15

When applying statistical analysis, establishing a hypothetical model is often needed
before conducting the research. However, this is not necessary for the field of data mining,
so there is no predetermined standpoint and no need to establish a hypothesis. It only
requires researchers to select the analysis and calculation method. Another feature of data
mining is the unpredictability of the calculation result. The processes of data mining can be
summarized into six steps, comprising data cleaning, data consolidation, data selection,
data conversion, data mining, and explanation and validation [33].

3. Data Mining and Feature Engineering

The data mining methods used in the research are multiple linear regression, k-means,
and decision tree. Initially, multiple linear regression was used to calculate the features
correlation coefficients in the real price registration, and the features were clustered by the
k-means method. Then the decision tree was used for clusters’ condition classification.
This chapter introduces in detail the data extraction, merging, and sampling methods of
the data source, quantity, and method of data usage, and further explains the data mining
tools in this research and the method of manipulating the data.

3.1. Data Extraction, Consolidation, and Sampling

The research period of this study was 2015–2019. We used the data made public by the
government, employing the six steps of data mining to evaluate the impact of the school
district and air quality on the transaction price of houses. Data extraction was conducted
through the websites of real price registration, Taichung Municipal Education Bureau, and
the public data website of the Environmental Protection Agency. The study consolidated the
data by year, and the attribute data are given numerical values. K-means and decision tree
methods were utilized to perform data mining, and finally, the explanation of the results.

There are three types of data in the study, education category data, environmental
indicators, and housing characteristics. The data obtained from the real price registration
are the housing characteristics, the data from the Taichung City Department of Education
are the education category data, and the Environmental Protection Agency of the Executive
Yuan’s public website data are the environmental indicators. All indicators are shown in
Figure 1.
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Figure 1. The three types of data in this research (education category data, environmental indicators,
and housing characteristics).

In 2017, the Ministry of the Interior introduced the Implementation Rules of Regulations
on Accelerating the Reconstruction of Dilapidated and Old Buildings in Urban Area, enabling
buildings without elevators and older than 30 years in the planned urban area to apply for
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reconstruction. Moreover, the buildings approved for reconstruction can have incentives
for floor area ratio, better building coverage ratio, and tax reduction (exemption of the
land-value tax during the construction period and 50% reduction of land-value tax and
house tax for two years). Given the above reasons, the price of an eligible building in
very old condition without an elevator can have similar transaction prices to houses with
better conditions. Considering this, data mining excludes transactions of houses older
than 30 years and without elevators. A total of 9785 sample cases obtained through
data extraction in this research. Furthermore, in the education database, there is contact
information and statistics of non-teacher staff of various schools; this study only extracts
the number of schools, number of male and female teachers, and students, removing other
kinds of data. The AQI of the Environmental Protection Agency is calculated based on
the observed values of O3, PM 2.5, PM 10, CO, SO2, and NO2. Therefore, this study also
obtains various observation values of AQI in the air quality database, filtering out other
items. Table 5 shows the extraction of real price registration samples.

Table 5. Extraction of real price registration samples.

Real Price Registration Item Item Description

Administrative area The administrative area where the building being transacted is located
Year of the transfer The year when the transaction takes place

Quarter of the transfer The quarter when the transaction takes place
Parking space Form of the parking space

Total price in NT Total transaction price
Total square meters of land transfer Total floor area of the house

Floor of transfer The floor where the house being transacted is located
Main use Division of land-use area

Whether it has community management Whether or not it has community management
Total square meters of building transfer Indoor area of the house

Number of living rooms Number of living rooms
Number of bathrooms Number of bathrooms and toilets

Month of the transaction The month when the transaction takes place
Number of bedrooms Number of bedrooms

Unit price per square meter Selling price per square meter of the architecture interior
Whether it has partition Whether it has partition

House age The gap between the year/month of the transaction and the
year/month of completion

3.2. Data Mining Tools

Waikato Environment for Knowledge Analysis (WEKA), developed by the University
of Waikato in New Zealand, is an open-source that uses JAVA language and can be applied
in the fields of machine learning and data mining. This experiment uses the WEKA toolkit
to conduct the data exploration process.

There are 17 item rows in the real price registration database, excluding the “total
price in NT$”, and there are 16 internal features that may affect the total transaction price.
In the section on price features, it is mentioned that commodity price is composed of
multiple attributes that have different impacts. To examine the degree of influence of
various attributes, this study takes the 16 internal features as independent variables and the
“total price in NT$” as the dependent variable. Regression analysis was used to calculate
the relevant coefficients of various variables, as shown in Table 6.

The p-value for “internal characteristics” is less than the significance level of 0.025,
which means that the “total value” of this attribute is significant. Then, comparing the
correlation coefficient of the significant attributes, it can be known that the “total square
meter of building transfer” has the highest value (0.445), indicating that the “total square
meter of building transfer” has the biggest influence on the total transaction price.

The clustering of data requires researchers to determine the number of clusters. In the
process of buying real estate property, brokers or commission agents will use the terms “egg
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yolk district” and “egg white district” when introducing them to the intended consumers.
The two terms classify the district where the house is located, that is, high-end district or
affordable district. Some studies classify the residential house districts in the administrative
area of Taipei city into two kinds, luxury mansion district and regular house district, and
then further divide the luxury mansion district into the egg yolk district and egg white
district [34].

Table 6. Coefficients of internal features.

Statistical
Parameter\Descriptive
Statistical Coefficient,

R-Value at 0.913

Correlation
Coefficients

Standard
Deviation (SD) t Value p-Value

Significance
Level

α/2 = 0.025

Confidence
Level (0.975)

Administrative area −0.0131 0.001 −9.504 0 −0.016 −0.01
Total square meters of

land transfer 0.0691 0.006 12.076 0 0.058 0.08

Year of the transfer 0.0078 0.002 3.351 0.001 0.003 0.012
Quarter of the transfer −0.003 0.002 −1.775 0.076 −0.006 0

Floor of transfer 0.0168 0.004 3.999 0 0.009 0.025
Total floors of
the building 0.0035 0.001 6.68 0 0.002 0.005

Main use −0.0147 0.059 −0.247 0.804 −0.131 0.102
House age −0.003 0 −10.302 0 −0.004 −0.002

Total square meters of
building transfer 0.445 0.024 18.583 0 0.398 0.492

Number of bedrooms 0.0162 0 113.126 0 0.016 0.016
Number of

living rooms 0.0081 0 26.198 0 0.008 0.009

Number of bathrooms 0.0025 0.0000385 65.42 0 0.002 0.003
Whether it

has partition 0.0004 0 1.103 0.27 0 0.001

Whether it has
community

management
0.0061 0.01 0.618 0.537 −0.013 0.026

Unit price per
square meter 0.0966 0.003 30.977 0 0.09 0.103

Parking space 0.0219 0.002 −12.153 0 −0.025 −0.018

The number of clustering in the “K-means method” is set based on the classification of
“egg yolk district” and “egg white district”; the smaller the “within-cluster sum of squared
errors (WSS)” is, the closer the distance from the falling point of each cluster to K point, and
the better the clustering effect. We use the 17 “internal features” attributes for clustering,
the 2 attributes with the highest WSS, and the correlation coefficient to obtain the values of
WSS. After which, the study used the two attributes with the highest correlation coefficient,
that is, “total square meter of building transfer” and “total price in NT$”, to perform
clustering. The result is that the WSS of using “total square meter of building transfer” and
“total price in NT$” is the smallest. Because the smaller the WSS, the better the effect, the
study adopted the clustering result of using “total square meter of building transfer” and
“total price in NT$”, as shown in Table 7. The output of WEKA is in AIFF format, which is
a pure text file format used by WEKA; hence, it was converted into a CSV file to facilitate
subsequent processing.

After performing k-means clustering on the data of 9785 transaction cases from 2015
to 2019, each transaction case has an additional cluster attribute, that is, Cluster0 for egg
yolk district and Cluster1 for egg white district. Then, we performed the decision tree
classification on the dataset with cluster attributes, and the input data are the following:
administrative area, total square meters of land transfer, year of the transfer, quarter of
the transfer, floor of transfer, total floors of the building, main use, house age, total square
meters of building transfer, number of bedrooms, number of living rooms, number of
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bathrooms, whether it has a partition, whether it has community management, the unit
price per square meter of parking space, total price in NT$, number of elementary schools,
number of elementary school teachers, number of elementary school students, number of
junior high schools, number of junior high school students, O3, PM 2.5, PM 10, CO, SO2,
and NO2.

Table 7. WSS of clustering.

The Attributes for Clustering
and Their Quantity Number of Clusters Intra-Group Square

and WSS

17 internal features 2 9203
17 internal features 3 8430
17 internal features 4 8220
17 internal features 5 7950

2 features, “total square meter of
building transfer” and “total price

in NT$”
2 22

We chose the decision tree algorithm J48 to classify data in WEKA, as shown in
Figure 2. It derived the statistical data of attributes of the dataset, such as maximum value,
minimum value, mean value, and SD. Take the example of “total price in NT$”, its maxi-
mum value, minimum value, mean value, and SD are 113,680,000, 28,800, 11,327,445.555,
and 8,285,525.513, respectively. After the J48 algorithm classified that present the results
of accuracy, correctly classified instances, and incorrectly classified instances. Of them,
9775 cases are correctly classified instances, accounting for 99.8978% of the total cases, and
10 are incorrectly classified instances, accounting for 0.1022% of the total cases. The tree
has 7 leaves, and its size is 13, with a calculation time of 0.06 s.

Sustainability 2022, 14, 6433 10 of 15 
 

 

Figure 2. Decision Tree function in WEKA. 

4. Results 
The data period of “real price registration” was 2015–2019; in the database of real 

price registration, buildings older than 30 years with less than 11 floors are excluded. In 
total, there are 9785 transaction cases, and their distribution by administrative area is 
illustrated by the bar chart in Figure 3. 

 
Figure 3. Bar chart of the number of transactions by administrative area. 

From 2015 to 2019, there were 9785 transaction cases that met the requirements; that 
is, the building has at least 11 floors and a house age of fewer than 30 years. The samples 
were distributed in 19 administrative areas of Taichung City, of which Xitun District, 
Nantun District, and Beitun District had the largest number of transaction cases. In terms 
of the total price, the highest was found in one case (NT$ 113,680,000) in Xitun District, 

Figure 2. Decision Tree function in WEKA.

4. Results

The data period of “real price registration” was 2015–2019; in the database of real price
registration, buildings older than 30 years with less than 11 floors are excluded. In total,
there are 9785 transaction cases, and their distribution by administrative area is illustrated
by the bar chart in Figure 3.
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From 2015 to 2019, there were 9785 transaction cases that met the requirements; that is,
the building has at least 11 floors and a house age of fewer than 30 years. The samples were
distributed in 19 administrative areas of Taichung City, of which Xitun District, Nantun
District, and Beitun District had the largest number of transaction cases. In terms of the
total price, the highest was found in one case (NT$ 113,680,000) in Xitun District, while the
lowest was found in two cases in North District (NT$ 28,800), and the mean of the total
price was NT$ 11,327,445.

4.1. Results of Clustering by k-Means

The k-means method classifies the clusters of “real price registration” into egg yolk
districts and egg white districts. Egg yolk districts have features such as large building
areas, high unit prices, and high total prices, while egg white districts are relatively low in
building area, unit price, and total price. Regarding the difference in the mean values of
“total square meter of building transfer”, “unit price per square meter”, and “total price
in NT$” between egg yolk districts and egg white districts, egg yolk districts have much
larger building area and much higher unit price per square meter as well as higher total
price than egg white districts.

Of the six observation items of “air quality features”, only the O3 level is slightly lower
in the yolk regions than in the egg white regions, and the rest of the indicators in egg yolk
districts are all slightly higher than those in egg white districts. Overall, the difference in
air quality between the two kinds of districts is not significant; in other words, there is
no difference.

The study uses the algorithm of k-means to sort out two clusters, that is, egg white
districts and egg yolk districts. Then, the clustering result of the data is summarized by
administrative area, as shown in Table 8. From 2015 to 2019, egg yolk districts had a total of
1297 transaction cases distributed in 6 administrative areas, while egg yolk districts had a
total of 8488 transaction cases distributed in 19 administrative areas. Xitun District, Nantun
District, and Beitun District had the most egg yolk districts, and Xitun District, Beitun
District, and Nantun District had the most egg white districts.
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Table 8. Distribution of egg yolk districts and egg white districts by administrative area.

Administrative Area Egg Yolk District Egg White District Total

Dadu District 0 6 6
Daya District 0 46 46

Taiping District 0 18 18
Beitun District 85 2131 2216
North District 92 838 930
Xitun District 615 2328 2943
West District 35 289 324
Shalu District 0 17 17
East District 0 72 72

Nantun District 469 1795 2264
South District 1 561 562

Shengang District 0 14 14
Tanzi District 0 150 150

Longjing District 0 14 14
Fengyuan District 0 136 136
Qingshui District 0 62 62

Wuqi District 0 5 5
Dali District 0 2 2
Dajia District 0 4 4

Total 1297 8488 9785

In December 2010, the old Taichung City and old Taichung County were merged
into the Taichung City of today. From the distribution of egg yolk districts and egg white
districts by administrative area, it can be found that in the administrative areas that once
belonged to the old Taichung County, no house fulfills the attributes of the egg yolk district,
and all houses with the attributes of egg yolk district are located in administrative areas
that were part of the old Taichung City. The output of the decision tree has 13 tree nodes
and 7 leaf nodes. In terms of the number of “correctly classified instances” and “incorrectly
classified instances”, there are 9775 and 10 cases, respectively.

4.2. Results of Decision Tree Rules

The classification rules of the decision tree are the following:
Rule 1: The total price is below NT$ 17,780,000. In total, 8418 cases eligible for this

condition belong to egg white districts, accounting for 99% of the total transaction cases of
egg white districts. The total transaction price is not affected by school district features or
air quality features. The other five cases fulfilling this condition belong to egg yolk districts.

Rule 2: The total price is between NT$ 17,780,000 and NT$ 18,350,000, the unit price
per square meter of the real estate property is lower than NT$ 67,560, and there are less than
306 junior high school teachers in the administrative area where the real estate property is
located. There are 2 cases fulfilling such conditions in egg white districts, accounting for
less than 1% of the total transaction cases in egg white districts.

Rule 3: The total price is between NT$ 17,780,000 and NT$ 18,350,000, the unit price per
square meter of the real estate property is lower than NT$ 67,560, and there are more than
306 junior high school teachers in the administrative area where the real estate properties are
located. Moreover, 15 cases fulfilling such conditions are in egg yolk districts, accounting
for 1.1% of the total transaction cases in egg yolk districts. There are 2 cases fulfilling such
conditions in egg white districts, accounting for less than 1% of the total transaction cases
in egg white districts.

Rule 4: The total price is between NT$ 17,780,000 and NT$ 18,350,000, and the unit
price per square meter of the real estate property is higher than NT$ 67,560. There are
50 cases fulfilling such conditions in egg white districts, accounting for 0.5% of the total
transactions in egg white districts.

Rule 5: The total price is between NT$ 18,350,000 and NT$ 18,800,000, and the total
building area of the real estate property is less than 243.49 square meters; 13 cases fulfilling
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such conditions are in egg white districts, accounting for 0.1% of the total transactions in
egg white districts.

Rule 6: The total price is between NT$ 18,350,000 and NT$ 18,800,000, and the total
building area of the real estate property is more than 243.49 square meters; 37 such cases
are in egg yolk districts. There are 2 such cases in egg white districts, accounting for 0.02%
of the total transactions in egg white districts.

Rule 7: The total price is higher than NT$ 18,800,000; 1240 cases fulfilling such con-
ditions are in egg yolk districts, accounting for 95% of the total transactions in egg yolk
districts. One case is in the egg white district.

5. Conclusions and Discussion

This study adopts the data mining method to interpret the phenomena that can
be demonstrated by the transaction data of real price registration, categorical education
data, and environmental indicators, aiming to provide consumers a judgment basis in
addition to speculating price features of houses in egg yolk districts and egg white districts.
Moreover, it can provide cross-references with studies on hedonic pricing, such as the
research on the impact of airplane noise on the quality of life of residents and the structure
of houses close to the airport [35].

The limitation of this research is mainly due to the fact that although the real price
registration database has the registration section house number, the Taiwan house number
code is messy, and there is no conversion system that is accurate and can handle large
amounts of data. The house number is converted into latitude and longitude, so it is
impossible to judge the influence of the total transaction price caused by the external
characteristics of real estate distance and price characteristics.

In addition, the data of this study can be used as the basis for future research, and
other price features that affect the transaction price can be added so that both real estate
buyers and sellers can more comprehensively understand that real estate prices in Taichung
City will be affected by those characteristics, the degree of influence, and the indirect contri-
bution. For example, the distance characteristics of buildings to schools, the characteristics
of roads adjacent to buildings, and the distinction between construction before and after
the 1999 the 921 Taiwan earthquake can be increased in terms of time conditions. Based on
this study, areas and houses with affordable and good housing can be classified.

5.1. Features of House Price District

Egg yolk districts have 1297 transaction cases in total; of them, 615 cases are in Xitun
District, 469 in Nantun District, and 92 in North District, ranking top 3 in the number of
cases. Xitun District has the largest number of buyers. Although North District ranks
third in the number of buyers, compared with Beitun District, the difference in the number
of transaction cases is merely 7 according to the 5-year statistics. Before clustering, the
number of transaction cases in Xitun District, Nantun District, North District, and Beitun
District is 2943, 2264, 930, and 2216, respectively. Although the difference in the number
of buyers between Beitun District and North District is merely seven, the total number of
house buyers in North District is far less than that of Beitun District, which shows that the
number of houses in egg yolk districts in North District is similar to that in Beitun District,
but the number of house sellers of North District is much less than that of Beitun District.
In recent years, Beitun District has developed many rezoning areas. Because the North
District was developed quite early, it contains few large construction sites. Xitun District
has the seventh stage of rezoning area, and Nantun District has the eighth stage of rezoning
area, which explains why they have most of the transaction cases fulfilling conditions of
the egg yolk district.

5.2. Features of Education Category Data

On average, the building area of houses in egg yolk districts is larger than that of
the egg white districts, and the unit price per square meter of the former is also much
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higher than that of the latter. However, the number of schools nearby houses is more or
less the same in the two kinds of districts. In terms of teachers and students of secondary
and elementary schools, more of them are located in egg yolk districts. However, the
total transaction cases of egg yolk districts are less than that of egg white districts by 7191.
The interpretation from the results of data mining indicates that education practitioners and
families with secondary/elementary school students are willing to spend more resources
in the selection of house areas, thereby choosing to stay in egg yolk districts.

5.3. Air Quality

In terms of air quality features, the influence on egg yolk districts and egg white
districts is similar, and the influence is not significant compared with that of school district
features. As a result, air quality does not significantly impact the number and price of
house transactions in Taichung City.

5.4. Attribute Features

Regarding the results of clustering and the results of the decision, only 10 transaction
cases are classified differently. Based on the results of the decision tree, in terms of at-
tributes influencing the classification of egg yolk districts and egg white districts, the most
influential attribute is the total price in NT$ of the real estate property. If NT$ 18,350,000 is
used as the division criteria, then 9658 cases can be filtered out, accounting for 98% of the
total transaction cases. Furthermore, only 127 cases are affected by the attributes of “unit
price per square meter of the real estate property”, “total square meters of the building”,
and “number of secondary school teachers”.
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