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Abstract. Theoretical and practical approaches to the use of statistical methods for studying 
various properties of infrastructure objects are analyzed in the paper. Methods of forecasting 
the value of objects are considered. A method for coding categorical variables describing 
properties of real estate objects is proposed. The analysis of the results of modeling the price of 
real estate objects using regression analysis and an algorithm based on a comparative approach 
is carried out. 

1.  Introduction 
Prognostic modelling of the value of real estate is used in a variety of spheres of activity when 
carrying out transactions related to the implementation of property rights to real estate. The calculation 
models used in practice do not allow reacting to changes in requirements, market conditions and other 
factors with due diligence. Models based on the analysis of statistical data can significantly improve 
the accuracy and efficiency of the forecast. In this case, it becomes possible to use for the analysis a 
number of factors that are important for real estate valuation [1], but do not have a quantitative 
assessment. 

Such kind of research is conducted both in Russia and abroad. For example, the authors of Grid 
Group [2] have been collecting and analyzing statistical data related to urban real estate for more than 
five years. On their website, they publish reports, have a database of articles on data processing, and 
also produce real estate analysis. 

The article [3] describes the methodology of the "price belt". The work describes the formation of 
the average price for a group of real estate objects, as well as paid attention to the description of 
reliable indicators for evaluation. Research conducted by the author is already used for the analysis of 
real estate in the city of Yekaterinburg. 

One of the most common approaches is the method-based comparison of the object under study 
with analogues having similar values of properties for which the price is known. This approach 
includes the following analysis algorithm [4]: 

1) identify the properties by which the analogues from the initial selection of objects will be 
searched; 

2) search for analogue objects by the desired values of properties; 

http://creativecommons.org/licenses/by/3.0
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3) determine the price per square meter of each analogue; 
4) determine the average price per square meter of all analogues; 
5) calculate the price of the object under study by its area. 
Authors of publications [5-7] presented an analysis of the value of real estate in the city of 

Krasnoyarsk, based on regression analysis. The authors proposed a method for coding categorical 
variables (for example, the type of house). 

The authors analysis showed that the approaches used can lead to false interpretation of the data. 
For example, one enters the ranking of groups, which, in fact, is missing. 

In many models, categorical data are not available, which significantly limits the capabilities of the 
model. The more data about objects will be used, the more accurate the model will be. In this regard, it 
is necessary to choose a method for coding categorical data that will minimize the loss of information 
in the transformation and provide acceptable accuracy of the solution. 

In [8], two approaches to solving this problem are considered: 
1) the definition of a discrete scale of a characteristic with a fixed number of gradations; 
2) One Hot Encoding 
A distinctive feature of the first way of digitizing the properties of objects is the need for expert 

evaluation of categories. The second way that allows one to generate a numeric code without losing 
information [9]. Let us assume that the initial data are given by the object-characteristic matrix: 

� =  �����
�×


 , 

m - counts of objects, n – counts of attributes, ��� - value of the j-th attribute on the i-th object, and the 
target vector: 

��, … , ���� , 
�� - the value of the target attribute on the i-th object. 

As the values of categorical attributes, one can use objects of an arbitrary nature by which a 
comparison operation is defined. Let us assume that ��� ∈ {1, 2, … , �} and nj – number of different 
categories of the j-th attribute, � ∈ {1, 2, … , �}. Let us note that it is not necessary {��, … , ���} =
{1, 2, … , �}. 

Let us replace the column of matrix F (the corresponding characteristic) with a binary matrix. 
Despite the universality of this method, in some cases its application can be complicated due to a 

significant increase in the number of columns in the object-attribute matrix. 
In the framework of this study, various approaches to building models for estimating the price of 

real estate are considered and compared. 

2.  Data collection 
Popular Internet resources that contained information in the format of advertisements of real estate 
being sold or leased, as well as a federal property data register, were used as sources for data 
collection [10]. The structure of the data contained in the ads and lots was developed for each of the 
selected sources after their research. The BeautifulSoup library was used for data parsing. 

As a result, a sample of data was compiled, consisting of 4000 objects [11], described by a set of 50 
features. The target is to use all the attributes in the calculations. However, at this stage of the study, 6 
characteristics were selected, which are represented by different types of data (Table 1): "type of 
apartment", "material of the walls of the house" - categorical types; "Number of rooms", "storey", 
"floor" - "pseudo-quantitative" types; and "area" is a quantitative type.  

The application of the One-hot Encoding approach led to an increase in the number of features. The 
implementation of this approach is shown in Figure 1. 

At the same time, for each new characteristic, their own weight coefficients are allocated. For 
example, instead of b1 there will be corresponding coefficients b11 and b12. 
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__________________________________________________________________________________ 
 

# coding method One-Hot Encoding 
# input - array_coding - array of attribute categories 
# output - array_coding - coded attribute category array 
def coding_qualitative_properties(array_coding): 
    # integer encode 
    label_encoder = LabelEncoder() 
    integer_encoded = label_encoder.fit_transform(array_coding) 
    # binary encode 
    onehot_encoder = OneHotEncoder(sparse=False) 
    integer_encoded = integer_encoded.reshape(len(integer_encoded), 1) 
    array_coding = onehot_encoder.fit_transform(integer_encoded) 

__________________________________________________________________________________ 
 

Figure 1. One-Hot Encoding method. 
 

 
Table 1. Selection of the data of real estate objects (fragment)  

# Type of 
apartment 

Material of 
walls of the 

house 

Number of 
rooms 

The area of 
the apartment, 

m2 

Floor Floors of the 
house 

Price, 
thousand 
roubles 

1 Resale 
accommodatio

n 

Brick 2 42,0 2 5 2000 

2 Resale 
accommodatio

n 

Brick 2 44,8 5 5 1400 

3 New building Brick 1 38,6 9 16 1330 

4 New building  1 40,2 5 5 1519 

… … … … … … … … 

4000 Resale 
accommodatio

n 

Brick 1 29,0 4 5 1550 

3.  A regression model for calculating the value of real estate 
To build a linear regression model, the authors used the Scikit-learn library for Python version 3.6. 
chosen as Ordinary Least Squares, OLS. 

The training of this model was made using a training sample, which was made up of the initial 
sample. Records from the original sample were selected randomly. In this case, their number is 75% of 
the amount of initial data. The rest of the records were used as the test data of the regression model. 

It should be noted that some features, which at first glance are quantitative, may also be 
categorical. For example, "level" is not actually an absolute quantitative characteristic of an apartment, 
because the first level of an apartment building in terms of valuation is closer to the uppermost floor 
than to the second. Therefore, it makes sense to perceive such features of the object as pseudo-
quantitative. 

Accordingly, to use these data in the model, they must also be encoded. For this, the maximum 
value is determined for each numerical characteristic. This value is the dimension of the common 
interval of the given characteristic. 

Also, for each characteristic, a step interval is determined. It turns out that the total number interval 
is divided into groups. Further, for each sample object, it is determined whether it belongs to a 
particular group. If the object belongs to a certain group, then, in accordance with the binary coding 
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approach, the value of the object in this group is 1, otherwise - 0. To perform this coding, a method 
has been developed, the implementation of which is shown in Figure 2. 
__________________________________________________________________________________ 
 
# coding method for pseudo-quantitative properties 
# input 
# array_coding - array of attribute categories 
# step – value of the step interval 
# output 
# array_coding - coded array of pseudo-quantitative attribute  
def coding_quantitative_properties(array_coding, step): 
 for i, tmp in enumerate(array_coding): 
      array_coding[i] = tmp // step + 1 

  max_value = max(array_coding) 
 num_group = 0 
 for i, tmp in enumerate(array_coding): 

     arr = [0 for j in range(max_value)] 
     num_group = tmp 
     arr[num_group-1] = 1 
     array_coding[i] = arr 

 return array_coding 
 _________________________________________________________________________________ 
 

Figure 2. Pseudo-quantitative properties method. 
 
With the help of this method, the signs "number of rooms", "level" and "house number" were 

coded. In this case, the value of the sign "area of the apartment" was not coded, since the price of the 
property directly depends on the area of the object. As a result, the number of columns in the matrix 
"object-attribute" increased to 68 (Table 2). 

 
Table 2. The "object-attribute" matrix after character coding (fragment) 
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. 

1 0 1 0 … 0 1 … 0 42,0 0 … 0 0 … 5 2000 

2 0 1 0 … 1 0 … 1 44,8 0 … 0 0 … 5 1400 

3 1 0 0 … 0 1 … 0 38,6 0 … 0 0 … 16 1330 

4 1 0 0 … 0 1 … 0 40,2 0 … 0 0 … 5 1519 

… … … … … … … … … … … … … … … … … 

4000 0 1 0 … 0 1 … 0 29,0 0 … 0 0 … 5 1550 
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The realized model on this set of data on the researched real estate objects gave the results 

presented in Table 3. The root-mean-square error of this model of the training and test samples has the 
following values: 0.87 and 0.86, respectively. 
 

Table 3. Results of forecasting the value of objects by different approaches  

Object The projected price using a regression 
model 

The projected price using a comparative 
approach 

Flat.1.3/5.40 1’924’536 1’803’028 

Flat.2.2/5.40 1’750’847 1’633’328 

Flat.3.5/16.80 4’384’998 4’212’010 

4.  The comparative approach for calculating the value of real estate 
A comparative approach for the valuation of real estate objects is based on the comparison of the 
investigated object with other objects having similar characteristics, and the price of which is known. 
This method includes the following analysis algorithm: 

1. determination of the parameters by which the analogues from the initial data sample will be 
searched; 

2. collection of information on the selected parameters; 
3. comparison of each found analogue with the object under study for distinguishing distinctive 

properties; 
4. averaging the price per square meter of the analogues found. 

Based on the proposed algorithm, a method for estimating the real estate object (apartment) was 
developed on the basis of a comparative analysis, the implementation of which is shown in Figure 3. 
__________________________________________________________________________________ 
 
# method that implements a comparative approach 
# input 
# example – object under study 
# for_train – array of values for the attribution of records to the #             test sample 
# output 
# approximate_price - forecast price 
def comparative_approach(example, for_train): 
analog_list = [] 
for i, tmp in enumerate(dataSet): 
 if for_train[i] == False: 
 if tmp['countRooms'] == example['countRooms']: 
         if tmp['type'] == example['type']: 
             if abs(int(tmp['floor'])/int(tmp['countFloor']) - int(example['floor'])/int(example['countFloor'])) < 
0.35: 
                 if tmp['material'] == example['material']: 
                     analog_list.append(tmp) 
approximate_price = 0 
for tmp in analog_list: 
  approximate_price += int(tmp['price'])/int(tmp['square']) 
approximate_price /= len(analog_list) 
approximate_price *= int(example['square']) 
return approximate_price 
_________________________________________________________________________________ 
 

Figure 3. Comparative approach. 
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The results of calculating the cost of the objects under study are given in Table 3. The methods 
analyzed give similar results, but the accuracy of the method based on the comparative approach 
depends significantly on the availability of a sufficient number of analogues.  

5.  Conclusion 
The conducted research is necessary for the solution of a problem of forecasting cost of the real estate. 
In the course of it, a software solution was developed that allows an evaluation of real estate objects. 
The main methods of encoding categorical data were considered and the One-Hot Encoding approach 
was chosen. The analysis of the results of modelling the price of real estate objects using regression 
analysis and an algorithm based on a comparative approach is carried out. 

Experimental studies were carried out using a large sample of data and showed the adequacy of the 
model constructed. 

At this stage of the study, only the internal properties of the objects were used, which are the type 
of real estate, its area, the quality of the building structure. However, external factors, such as 
geographic location (distance from the center, proximity to hospitals, schools, etc.), the ecological 
condition of the area and many other things are important in the assessment. Their impact on the value 
of real estate is the goal of the further research. 
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