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 Multiple methods are used in the mass housing valuation. With the developing 
technology, modern methods have gained speed. In this study, a systematic study was 
conducted with machine learning to estimate the final price of housing property. The 
studied dataset contains 73 samples and 18 arguments. In this study with the Python 
programming language, NumPy, Pandas, Scikit–learn, Matplotlib and Seaborn, which 
are the basic libraries of Python, were used. Multiple linear regression (MLR) and 
decision tree regression method were used to perform the study. The adjusted 
determination coefficient (r2) was used to measure the performance of the 
estimation accuracy of applications. As a result of applications, the multiple linear 
regression model showed better results than the decision tree model. 

 
 
 
 
 
 
 

1. Introduction  
 

Immovable property; the name given to the real estate, such as land, buildings, apartments, business places [1]. 
Valuation; market conditions by analyzing the change of the business is process of finding it in value of the 
property’s real estates in the face of economic developments [2]. The real estate business valuation; it can be 
defined as the estimation of the probable value of an immovable property, real estate rights and benefits attached 
to the project or based on a valuation day, independent, impartial and objective criteria [3]. 

Real estate valuation appreciation or evaluation only if a property is not limited to, at the same time, the price 
or value of the property using historical data about the variables that affect the price of various predicts. A specific 
prediction of action includes the removal of useful information from raw data. Then comparisons are made with 
current sales prices. Estimates often using traditional assessment methods is cumbersome, however, artificial 
neural networks, machine learning, algorithms such as computers and the emergence of explore the correlations 
between the variables that affect the price of real estate, and multi-dimensional variables facilitated the creation 
of patterns in [4-5]. 

       Real estate valuation methods; traditional, statistical, spatial analysis, modern, hybrid, separate valuation 
method as it is possible. Traditional methods in institutions often are the preferred method. Other methods can be 
divided into modern methods. For maps of real estate valuation Esri software (ArcGIS, ArcMap, ArcPAD, 
ArcCatalog, Bottom 4 image Mapper), immovable bulk value for processing GLASS (computer assisted Mass 
Appraisal), MATLAB fuzzy logic, decision tree analysis for Precision Tree, and program SPSS for neuro solutions 
neural networks, etc. software is used. 
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1.1. Importance of Real Estate Valuation 
           

The city planning and economic development, reconstruction plans real estate appropriate valuation methods 
are possible. New residential areas to the selection of the conditions for consolidating fragmented parcels and their 
organization in real estate valuation in urban areas is of great importance [6]. 

City Planning, Public Investments (investment evaluations (pre and post), the selection of a residential area, 
parcel, regulations, and making transparent and reliable for the valuation of real estate in the real estate market is 
very important. In order to achieve the best results in the evaluation of the scientific method to select the most 
suitable one for the purpose of valuation are required [7]. 
 
1.2. Literature Review 
          

Many modern methods for valuation of immovable properties are used in literature studies and in particular 
those who made the decision tree method with the application examined. 

Random forest regression method had been used with 2695 samplings in the Russian city of St. Petersburg. A 
prediction value is close 95% accuracy to the actual value of the immovable property [4]. 

Installation work of 125 PV power plants in Turkey for the purpose of multiple linear regression by using the 
method for different locations have estimated the PV power. 96% accuracy obtained in the study [8]. 

In Mamak district of Ankara, the independent variables consisting of 96 by the method of regression and 
decision tree CDR dataset is studied. The decision tree method yielded higher than predictive value [9]. 

Singapore's private residential property market had been investigated from 1995 until 2017 and made an 
application for a dataset with more than 300,000 real estate transaction. The tree-based method, they have 
concluded that the assumptions of multiple regression analysis showed better performance than the traditional 
[10]. 

It was carried out a study by using the Random Forest community algorithm in Pendik. prediction performance 
of random forest regression method with the engine thematic compatible datasets in Turkish National Geographic 
Information System (TUCBS) was evaluated. The result obtained 85% with an accuracy rate [11]. 

The subject of valuation of immovable properties that are outside the heating value of solid fuels with higher 
sample argument CDR and 21st 185 examined by regression method and decision tree was seen in %76% 75% 
gave better results indicated that the performance of the decision tree method by a small margin has been [12]. 

The aim of this study using machine learning thanks to artificial intelligence, Python programming language, 
multiple linear regression and decision tree regression analysis to compare. Criteria were made to estimate the 
market value of the middle-ranked houses in Mersin Yenişehir district by classifying them. 
 

2. Material and Method 
 

The material of this study consists of 73 samplings in Mersin, Yenişehir, Çiftlikköy District. The samplings 
prepared with sale price and features of housing properties constitute a dataset. 

 

2.1. The study area 
 

Yenişehir, is a district of Mersin province in the south and the Mediterranean, the North Freeway, in the East, 
the Mufti's Creek, the area within the boundaries of the area in the west of Mezitli municipality 3681 
hectares. According to the 2019 census, the population of the province 266,117 person. 

 In north of the study area, Mersin University Çiftlikköy Campus established on an area of 400 hectares is 
located. Approximately 20 thousand students on campus and educated in medicine, dentistry such as to be open 
to the public health organizations has a positive impact on housing prices. The study area is in Figure 1. 
 

2.2. Data  
 

The value of immovable housing type is collected. Because it is very close to campus 1+1, 2+1, 3+1 and 4+1 
illustrates the diversity of rooms. The criteria that affect the value of housing: area (gross-m2), area (net-m2), 
housing type, number of rooms, number of bathrooms, number of floors, floor, facades, parking, security, 
swimming pool, type of heating, balcony, the age of the building, road frontage-shaped housing characteristics 
have been taken as independent variables. As housing prices have benefited from the dependent variable. 
        In preparing the data input as a float, integer data, and the normalization of the observed data in Table 1 are 
reviewed. 
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Figure 1. Study area 

 
Table 1. The numeric equivalents of the data 

Criteria Description Value 

Type of housing 
Apartment 1 

Site 0 
Parking There 1 

No 0 
Security There 1 

No 0 
Pool There 1 

No 0 
 

Fronts 
North 1 
South 2 
West 3 
East 4 

Heating Type 
Air conditioning 1 

Centre 2 
Private (Combi) 3 

 
2.3. Method 
 
2.3.1. Valuation Methods 
 

Regression analysis between them cause-and-effect relationship in order to make predictions or extrapolations 
about the relationship between two or more variables called the regression model, statistical analysis is a 
technique that is characterized by a mathematical model [13].  

 
2.3.1.1. Multiple linear regression (MDR) 

 
The best relationship between a dependent variable and several independent variables of a dataset CDR can be 

used to predict under applied regression and machine learning is one of the models. The MDR model which 
minimizes the sum of squares of differences of observed and predicted values based on the method of Least 
Squares [8]. 

The MDR model, the dependent variable used in the calculation of the equality can be expressed as Equation 1. 
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𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒 = 𝑥0 + 𝑥1𝑦1 + 𝑥2𝑦2 + 𝑥𝑛𝑦𝑛 + ε (1) 
 

𝑛: Number of samples,  
𝑥1, 𝑥2, … . 𝑥𝑛 : Weight values,  
𝑦1, 𝑦2, … 𝑦𝑛: Independent variable, and  
𝜀: Error term.  

 
MDR analysis on the basis of the logic of the method of Least Squares operate. The connection between the one 

or more variable is used to detect [14]. 
 
2.3.1.2. Decision Tree Regression 
 

A decision tree classifier or a regression analysis that is used to obtain tree-type data structure. Subsets is 
handled by dividing the dataset to be used every time. Consists of decision nodes and leaves. Decision nodes each 
time depending on the property, it is divided into two or more sub. The end nodes of the tree the leaf node 
represents the decision was taken [14]. 

This method is known as the space segment for a set of Predictor uses a decision tree splitting rule. The decision 
tree, the simplest interpretation is one of the methods which is easy to machine learning [10]. 
         More specifically, the decision tree consisting of nodes and branches algorithmic structures. Each node is 
judged whether it is higher or lower than a value of a variable [15]. 
 
2.3.2. Performance  
 

2.3.2.1. Adjusted determination coefficient (𝑹𝟐̅̅̅̅ ) 
 
     Coefficient of determination, in addition to measuring the success of the regression equation, the equation that 
reflects the power prediction of a statistic [16-17]. 

The function can be expressed with Equation 2. 
 

𝑅2̅̅̅̅ = 1 − (1 − 𝑅2) 
(𝑛 − 1)

(𝑛 − 𝑝 − 1)
 (2) 

 
𝟎 < 𝑹𝟐 < 𝟏 

𝑛: record number, 

𝑝: the number of independent variables 

 

3. Results  
 

MDR methods and random forest in Python the program was carried out. Python libraries that are used in the 
program; NumPy, Pandas, Scikit–learn Seaborn Matplotlib and consists of. Dataset are converted to the shape and 
ready for analysis more useful. The output from the python script is as shown in Table 2. 
 

Table 2. Pandas MDR command output 
 Gross  

Area 
Certain  

Area 
Type of 
Housing 

Number of 
Rooms 

Number of 
Bathrooms 

Number of 
Floors 

Current 
Floor 

0 70 55 1 1+1 1 13 9 
1 65 50 1 1+1 1 11 6 
2 80 60 1 1+1 1 13 13 
3 70 60 1 1+1 1 10 8 
4 65 55 0 1+1 1 9 2 

 
3.1. Multiple Linear Regression Model 
       

The first libraries to be used in the application are included in the program. Pandas and missing data were 
achieved with the library entry for the control of dataset have been found. 

As the data in Table 1, the correlation relationship between the independent variables and the remaining made 
the normalization process Thanks to the library Seaborn heat map (heatmap) was investigated by creating. 
        As for the correlation, probability theory and statistics, random variables, direction and strength of the linear 
relationship between two or more shows. Multiple correlation of a variable with two or more variable; its 
relationship with other variables fixed partial correlation techniques with any of these variables is calculated. The 
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correlation coefficient “r” and is indicated by -1 and +1 values between takes. 𝑟 = −1 There was a linear 
relationship negative. 𝑟 =  +1 there is a positive linear relationship full. 𝑟 =  0 there is a relationship between the 
two variables. 

In this context, 𝑟 = the results are interpreted according to the following ranges for the relationship in the 
following way: 0.00 relationship-0.01 – 0.29 low level of the relationship, 0.30– 0.70 moderate relationship 0.71 – 
0.99 a high level of iliski1.00 means perfect relationship. 

The heat map as shown in Table 3, when the price of housing other variables held constant, the relationship 
between the level of were visualized. 
 

Table 3. Correlation Relationship 

 
Depending on the heat map, housing prices in Figure 2 of the most important variables that affect the output 

from the python script as a sequence of gross area, Net area and number of rooms. Other criteria like are shown in 
Figure 3. 

Establish the MDR model 𝑟2 Python script to calculate the score are written in the output.  “Linear Regression” 
command by running the program has been called and were obtained from the model, and 𝑟2 0,84 is. What this 
means is that the MDR of the model to 84% with an accuracy rate of reflect the criteria (Figure 3). 
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Figure 2. Factors That Affect Price 

 

 
Figure 3. Account Accuracy 

 
3.2. Decision Tree Regression 
          

As in the first application dataset been summoned and is put into operation. In the model, the target variable, 
‘price’ for density-separated from the rest of the dataset looking at the distribution and price. The output from the 
python script is in the attachment (Figure 4). 
 
 

 
Figure 4. Density - Distribution Price 

 
Ready to build the application model has become. Dataset the training and test sub-sets of data, allocation, 

create a decision tree model with the training data and the model ‘fit’ don't be performed. The output from the 
python script is in the attachment (Figure 5). 

Based on the similarity between the actual value predicted with the accuracy of the calculation was made in 
the process (Figure 6). 
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Figure 5. Model building 

 

 
Figure 6. Model building 

 
76% regression decision tree with an accuracy on the order gave no results. While establishing the ranking of 

the importance attribute to a classification model, made visualization was performed (Figure 7). 
 

 
Figure 7. Attribute Importance Ranking 

          
Visualization can be understood as the three most important variables that affect the price of the net this time 

house area, number of rooms and the number of layers as it seems. 
 
 

4. Conclusion  
 

As a result, the two methods applied to very accurate results were obtained. The variables that affect the 
estimate of the two applications was different. Multiple linear regression model accuracy is 84%, and the accuracy 
of Decision Tree regression model to be 76% was calculated.  

Mass Real Estate Appraisal, which is the largest share of measuring the economic value of real property in the 
country has become one of the indicators of development. Gross domestic profitability of the real estate market in 
important economic dimensions. Various public and private institutions in the areas of unbiased, objective and 
scientific approach should be performed. 
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On the other hand, created a revolution in the industry business technology scientific machine learning. Many 
real estate site, Real Estate began using machine learning to predict the values of each of the technology. The need 
for a fast and economic evaluation of real estate and the greater availability of current information that can be 
accessed over the internet, big data and machine learning techniques to perform led to the implementation of real 
estate valuation. 

They will buy or sell their property without the help of people's assessors. However, the economic crisis, 
pandemic, natural disaster or extraordinary situations such as the possibility of the presence of continuous 
development and immovable properties and their features because of the changes in the environment and realtors 
Valuation Professionals will always be needed. 
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