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Article History:  Abstract. The current real estate market analysis reveals challenges in valuation methods, procedure ad-
equacy, and evolving technological approaches. Uncertainty arises from using localised methods for valu-
ing individual real estate objects. A significant concern is the reliability and completeness of valuation data. 
Researchers emphasise market-driven aspects as trends in real estate valuation. Features for valuation are 
identified through quantitative characteristics, uncovering components and their nature. The research analy-
ses foreign and domestic practices for real estate object valuation. Challenges include understanding meth-
odological and informational support through mathematical methods and addressing factors affecting real 
estate object valuation. The need for cluster analysis to identify factors affecting real estate object valuation 
is recognised. To implement cluster analysis of factors affecting real estate valuation, a method is proposed 
involving the development of classification features, optimal typological grouping, and clustering implemen-
tation technology. Six groups of factors were chosen: spatial formation, urban planning provision, environ-
mental impact, investment indicators, infrastructure provision, and limiting characteristics. An agglomera-
tive process calculated the distance matrix between clusters of factors. The MacQueen k-means clustering 
method determined final clusters, confirming the validity of the proposed factor groups. The clustering of 
factors affecting real estate valuation was based on obtained distance data. The result identifies a high level 
of factors influencing real estate object valuation. Nine coincidences justify this in their clustering with four 
units of factors influencing real estate object valuation.
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et al., 1996; Nesterenko et al., 2020; Molodchenko, 2010). It 
is known that identifying peculiarities in real estate valua-
tion is performed based on quantitative indicators and the 
identification of components and their nature.

However, considering the views of some practitioners, 
there is a problem in identifying and gaining a deeper 
understanding of the methodological and informational 
support for valuation work through the application of a 
mathematical approach and addressing the analysis of fac-
tors affecting the valuation of real estate objects (Hubar 
et al., 2017; Hubar, 2015; Smyth et al., 1993). Methodologi-
cal regulation of real estate valuation is equally essential. 
As stated in the study (Hubar, 2012), methodological prin-
ciples for real estate valuation consider the requirements 
imposed on valuation entities involved in the valuation 
process of real estate objects of various ownership forms 
and emphasise compliance with national standards and 
principles of such valuation. An essential element to be 

1. Introduction

At the current stage of real estate market development, 
there are many issues related to valuation methods (Petra-
kovska & Lizunova, 2009; Petrakovska, 2010; Drapikovskyi 
et al., 2015; Smyth et al., 1993), adequacy of the chosen 
valuation procedure, and changes in technological ap-
proaches to real estate valuation. Uncertainty problems 
persist with local methods of valuing individual real estate 
objects (Mamonov et al., 2020).

As pointed out by domestic researchers, significant 
challenges include the reliability and completeness of val-
uation data (Petrakovska & Lizunova, 2009; Petrakovska, 
2010; Drapikovskyi et al., 2015; Hubar et al., 2017; Hubar, 
2012; Mingming et al., 2019; Pieri et al., 1996; Nesterenko 
et al., 2019).

Some researchers highlight the influence of market 
trends on real estate valuation (Mingming et al., 2019; Pieri 
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considered in real estate valuation is the requirements of 
methodological and regulatory documents that directly in-
fluence the valuation process and consider a range of sub-
jective factors related to a specific real estate object. These 
factors may include spatial, urban planning, environmental 
characteristics, investment indicators, indicators of infra-
structure provision for real estate objects, and the con-
sideration of restrictive characteristics of real estate use.

Some indicators used in the practice of real estate 
valuation are obtained through the accumulation of sta-
tistical data obtained from relevant urban planning au-
thorities, land resources agencies, environmental services, 
pre-assessment or valuation of similar real estate objects, 
utilisation of infrastructure indicators, and indicators of 
specialised enterprises responsible for the maintenance of 
real estate objects.

In cases where reliable data is unavailable for the valu-
ation process, expert analysis methods, which rely on ex-
perts’ opinions to assess the real estate object, are used. In 
this regard, using the latter method requires the selection 
of specialised experts who are specialists in data selection. 
Data sampling is necessary to ensure the results’ reliability, 
and experts’ opinions must be harmonised.

As noted in the study (Meteshkin et  al., 2020; Ma-
monov et  al., 2020), various factors can have a decisive 
impact on the valuation of real estate objects. Therefore, 
there is a need to conduct a cluster analysis of these fac-
tors and identify sets of factors affecting the valuation of 
the real estate object (Hubar, 2015; Nesterenko & Vyatkin, 
2017).

For the valuation of real estate objects, the number of 
factors for analysis can reach several tens, hundreds, or 
even more. Moreover, the number of features character-
ising a specific real estate object can also reach dozens. 
Hence, visual (random) analysis of the data matrix with a 
significant number of indicators and features of the real 
estate object is practically inefficient. Thus, there is a need 
for aggregation, concentration of input factors, and analy-
sis of the structural characteristics of real estate objects. 
Addressing these tasks can be achieved through modern 
multifactor classification methods.

Tools and methods of multifactor classification enable 
grouping the factors that influence the valuation of real 
estate objects, taking into account significant structural 
and typological features and the distribution pattern of 
factors within a given system of classification features. This 
type of classification aims to group the factors affecting 
the real estate valuation based on their similarities, ensur-
ing that each group is as distinct as possible in terms of 
content.

Thus, multifactor classification methods for the fac-
tors affecting the valuation of real estate objects are used 
to allocate the total factors into homogeneous groups. 
It should also be noted that various random related at-
tributes characterise each factor affecting the real estate 
valuation.

2. Material and methods

The clustering method (Figure 1), which consists of four 
stages to implement cluster analysis of the factors affect-
ing the valuation of real estate objects, was proposed.

Figure 1. Clustering method for factors affecting the real 
estate valuation

In the first stage, classification features of factors af-
fecting the valuation of real estate objects were deter-
mined by grouping them according to six characteristics 
(Meteshkin et al., 2020):

	■ Spatial formation and use of real estate objects;
	■ Urban planning provisions for the use of real estate 
objects;

	■ Environmental impact from the use of real estate 
objects;

	■ Investment indicators determining the attractiveness 
of the real estate object;

	■ Infrastructure provision for the use of the real estate 
object;

	■ Restrictive characteristics ensuring the safety of the 
real estate object’s use.

Each group of factors affecting the valuation of real estate 
objects was assigned a separate cluster (p). The number of 
clusters (n) in each group was determined by its constituent 
elements. To merge factors into one cluster, similarity and the 
closest proximity of indicators of its individual components 
were determined, reducing the number of clusters to one.

In the next stage of implementing the clustering 
method, typological scenarios of grouping factors affect-
ing the valuation of real estate objects were determined. 
The agglomerative process of calculating the ∆ matrix was 
applied as the selected grouping method, with distances 
between data clusters for affecting factors being calcu-
lated (Figure 2).

Figure 2. Scatter plot of clusters X and Y, relative units
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After calculating the distances between influence clus-
ters in real estate valuation, the centre of one of the clus-
ters ∈lx X  was selected, and a hypothetical cluster S was 
formed with factors at lower levels and a greater distance 
from it than its radius τ > 0.  The distances to individual 
affecting factors on real estate valuation within the cluster 
were constrained by models:

≤ τ ∈
1

if   ,  then   ;ix id x S 	 (1)

> τ ∉
1

if   ,  then  ,ix id x S 	 (2)

where dix1 – is the distance from the factor xi affecting the 
valuation of real estate objects to the cluster’s centre x1.

In the third stage, the identification and development 
of a technology for clustering factors affecting the valua-
tion of real estate objects were performed. The MacQueen 
k-means clustering method was applied as the clustering 
method, which allowed determining the number of final 
clusters and confirming the reliability of the proposed 
groups of analysis factors (Figure 3).

Figure 3. The MacQueen k-means method

To determine the k observations of cluster centres, the 
elements that form the factors affecting the valuation of 
real estate objects for each group were initially identified 
and assigned typological characteristics, subsequently al-
lowing them to be identified as separate clusters (Hubar, 
2015).

A necessary condition for conducting cluster analysis 
is determining the intervals of factors affecting real es-
tate valuation by specifying the ranges of cluster influence 
(Table 1).

Table 1. Ranges of intervals for cluster influence factors on 
real estate valuation in relative units

Ranges of intervals Cluster impact levels

0.01–2 Very low
2.01–4 Low
4.01–6 Moderate
6.01–8 High
8.01–10 Influential

During cluster analysis using the k-means method by 
MacQueen, the cluster centres of factors affecting real es-
tate valuation were determined. These calculations allowed 
for the elimination of distorted results of cluster analysis 
and changes in the accuracy of cluster centres. According 
to the specified approach, the set of factors affecting real 
estate valuation (X) was represented by indicators of their 

performance in a cluster (n), and they corresponded to the 
following characteristics (m):

{ }= 1 2, , ..., mX X X X .	 (3)

According to the k-means method of MacQueen, the 
set of factors affecting the valuation of real estate objects 
(X) was described by a set of observation vectors of cluster 
analysis (Equation (4)).

=, 1,jX j m .	 (4)

The cluster analysis sample included 5 ranges of 
influence based on typological features in accordance 
with the functioning of factors affecting the valuation of 
real estate objects. As a result, 5 clusters were obtained 
(k = 5).

The matrix of cluster analysis of factors affecting the 
valuation of real estate objects was described by the Equa-
tion (5):
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,	 (5)

where ijx   – is the j-th parameter of the i-th object; n  – 
performance indicators in the cluster of factors affecting 
the valuation of real estate objects.

3. Results

Based on the constructed matrix of cluster analysis of fac-
tors affecting the real estate valuation using the k-means 
method by MacQueen, assigned reference parameter 
values were determined for each primary cluster. These 
parameters were specified as the average values for each 
interval of factor impact on real estate valuation. Each ref-
erence value corresponds to the centre of a cluster. Group-
ing of the closest objects based on typological features of 
the affecting factors was performed around the reference 
values. The results of the obtained clustering parameters 
for the factors affecting the real estate valuation are pre-
sented in Table 2.

Table 2. Results of clustering parameters for the factors 
affecting the real estate valuation

Clusters of 
influence 
factors

Initial 
para

meters 

Average 
range 
values 

Range 
weight 

Average 
high 

cluster 
values 

Average 
maxi
mum 

cluster 
values 

Very low 1.999 0.999 1 1.001 1.501
Low 3.999 2.999 2 3.001 3.501
Moderate 5.999 4.999 3 5.001 5.501
High 7.999 6.999 4 7.001 7.501
Significant 10 8.999 5 9.001 9.501
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The clustering of factors affecting the real estate valu-
ation was performed based on the obtained data of dis-
tances between centroids and clustering objects using ma-
trix calculation data (5). In this process, reference values 
were added to the clustering results of factors affecting 
the real estate valuation. Taking into account the refer-
ence parameters and determined clustering centroids, the 
matrix for calculating the factors affecting the valuation of 
real estate objects is represented as Equation (6):

+ + + +
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The distances between individual clusters, affected by a 
real estate factor, were determined based on the Euclidean 
metric according to Equation (7):

( )
=

= −∑
2

1

1 ,
m

ij ik jkk
d z z

m
	 (7)

where ijd   – is the distance between the i-th and j-th 
clusters of factors affecting the assessment of real estate 
objects; m  – is the number of factor operating ranges; 

ikz  – is the value of the i-th cluster for the k-th typologi-
cal feature; jkz

 
– is the value of the j-th cluster for the 

k-th typological feature.
Clustering was performed until a complete distribution 

of potential variations in the factor affecting the assess-
ment of real estate objects was obtained for each group 
within a cluster.

The results of the cluster analysis of factors affecting the 
valuation of real estate objects are presented in Table 3.

Table 3. Results of cluster analysis of factors affecting the 
valuation of real estate objects

Projected clustering parameters for 
affecting factor

Very 
low Low Mode

rate High Influ­
ential Total

Actual data     0 0 1 4 2 2
Forecasted data 1 2 2 5 6 5
Number of matches 1 4 6 9 1 4

4. Discussion 

The obtained clusters have been classified based on ac-
tual and forecast data. In this context, actual data is rep-
resented by clustering six typological types of factors into 
five groups. In contrast, forecast data is determined by 
calculating benchmark elements of clusters using the Mac-

Queen k-means clustering method, considering the dis-
tance of affecting factors from the cluster centres.

As a result of the conducted cluster analysis, a high 
level of affecting factors on the valuation of real estate 
objects has been identified. Nine coincidences justify this 
in their clustering with four units of affecting factors on 
the valuation of real estate objects.

5. Conclusions

As a result of the research, an analysis of existing 
foreign and domestic practices for the valuation of real 
estate objects was conducted. A problem was identified 
in determining and thoroughly understanding the 
methodological and informational support of valuation 
work by applying mathematical methods and addressing 
issues related to analysing factors affecting the valuation 
of real estate objects. The necessity of conducting their 
cluster analysis and identifying sets of affecting factors on 
the valuation of real estate objects has been recognised.

The clustering method to implement the cluster analysis 
of factors affecting the valuation of real estate objects has 
been proposed. This method involves the development of 
classification features of affecting factors on the valuation 
of real estate objects by grouping them, determining the 
optimal typological grouping scheme of affecting factors 
and defining and developing the clustering technology 
and its implementation.

For the determination of classification features, six 
groups of factors were chosen: spatial formation and 
utilisation of real estate objects, urban planning provision 
for the use of real estate objects, environmental impact 
from the use of real estate objects, investment indicators 
determining the attractiveness of real estate objects, 
infrastructure provision for the use of real estate objects, 
and limiting characteristics for ensuring the safety of the 
use of real estate objects. An agglomerative process for 
calculating the distance matrix between clusters of data 
factors was applied as the chosen grouping method.

The MacQueen k-means clustering method was applied 
as the clustering method, allowing for the determination 
of the number of final clusters and confirming the validity 
of the proposed analysis factor groups. The clustering of 
affecting factors on the real estate appraisal was performed 
based on the obtained distance data between the centres 
and objects of clustering using the calculated matrix data.

As a result of the conducted cluster analysis, a high 
level of affecting factors on the valuation of real estate 
objects has been identified. Nine coincidences justify this 
in their clustering with four units of affecting factors on 
the valuation of real estate objects.
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