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In the study of statistical data with a pronounced endogenous variable, it is necessary to identify factors (explana-

tory variables) that have a strong impact on the result. In this, factors can be both quantitative and attributive. To as-
sess influence of numerical features, regression analysis methods can be used. Influence of attributive features is not 
taken into account. However, often these are they who make the decisive contribution to variation of the result. It is 
necessary to develop methods for analyzing influence of attributive features and accounting for these features in regres-
sion models. 

On the example of sets of apartments proposed for sale in the city of Krasnoyarsk, a new method is used to assess 
influence of attributive features on the quantitative using ranking them in accordance with their influence on the en-
dogenous variable. Method of fictitious variables is used to analyze the attribute features. Each attribute with m values 
is assigned (m-1) dummy variables and a regression model is constructed. Influence of exogenous variables can be ex-
pressed using standardized regression coefficients. In this case, influence of attributes can be estimated by cumulative 
correlation coefficient calculated on the basis of a regression model with fictitious variables. 

For further research, set is proposed to rank, assigning each element a "rank" –value of a standardized coefficient 
which reflects closeness of the relationship with the endogenous variable. Thus, all features have a numerical value.  
A standardized regression model is constructed. 

Proposed approach can be used in the analysis of statistical aggregates, units of which are characterized by quanti-
tative and attributive features. 

 
Keywords: attributive features (qualitative variables), ranking of variables, correlation, standardized multiple  

regression model. 
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При изучении статистических совокупностей с явно выраженной эндогенной переменной, необходимо вы-

явить факторные признаки, которые оказывают сильное влияние на результат. При этом факторные при-
знаки могут быть, как количественными, так и атрибутивными. Для оценки влияния числовых признаков 
можно использовать методы регрессионного анализа. Влияние атрибутивных признаков не учитывается. Од-
нако часто именно они вносят решающий вклад в вариацию результата. Необходимо разработать методы 
анализа влияния атрибутивных признаков и учета этих признаков в регрессионных моделях. 

На примере совокупности квартир, предлагаемых к продаже в городе Красноярске, применен новый метод 
оценки влияния атрибутивных признаков на количественный с использованием ранжирования их в соответст-
вии с их влиянием на эндогенную переменную. Для анализа атрибутивного признака используется метод фик-
тивных переменных. Каждому атрибуту, имеющему m значений ставится в соответствие m-1 фиктивная 
переменная, строится регрессионная модель. Силу влияния экзогенных переменных можно выразить с помо-
щью стандартизированных коэффициентов регрессии. В этом случае влияние атрибутов можно оценить  
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совокупным коэффициентом корреляции, вычисленным на основе регрессионной модели с фиктивными пере-
менными. 

Для дальнейшего исследования совокупность предлагается ранжировать, присваивая каждому элементу 
«ранг» – значение стандартизированного коэффициента, который отражает тесноту связи с эндогенной 
переменной. Таким образом, все признаки имеют числовое значение. Построены стандартизированные регрес-
сионные модели. 

Предлагаемый подход можно использовать при анализе статистических совокупностей, единицы которых 
характеризуются количественными и атрибутивными признаками. 

 
Ключевые слова: атрибутивные признаки, ранжирование переменных, корреляция, стандартизированная 

модель множественной регрессии. 
 
Introduction. To assess influence of factor variables 

on a endogenous variable, various econometric tools are 
used [1–14]. For example, in the work, published earlier 
[1], cost of an apartment in aggregate of apartments  
offered for sale in the housing market in the city of Kras-
noyarsk in 2017, a regression model is being constructed, 
in which quantitative explanatory variables (total area, 
residential area and others) are used. As a result, some 
characteristics were obtained, according to which the de-
gree of influence of any factor [1–14] was estimated. 
When studying the aggregate of apartments, offered  
for sale on the primary housing market in the city of Kras-
noyarsk in 2017 [15], it was revealed that a strong influ-
ence on the price of an apartment, in addition to quantita-
tive, such characteristics as total area of the apartment, 
qualitative variables: district of the city, in which the 
house is located and material from which this house is 
built, also exert influence. 

If the statistical analysis of numerical features does 
not cause any difficulties, but when dealing with qualita-
tive variable, various difficulties arise: meaning of attrib-
ute is represented by the word - attribute, data needs rang-
ing, substituting each meaning by rank. If, when ranking, 
values are replaced simply by serial numbers, then the 
numerical value will distort influence on the resultant 
attribute. For example, when ranking on the basis of “dis-
trict”, apartments in Akademgorodok are given rank 12, 
and apartments in Pokrovka are ranked 6. It turns out that 
apartments in the same region are twice “bigger” than in 
the other. The question arises, why exactly twice, and is it 
really “bigger” or is it just an unconfirmed guess of the 
researcher? 

For the studied aggregate [5], it is proposed to apply a 
new method for assessing influence of qualitative variable 
on the endogenous variable. We distinguish two attribute 
signs: wall materials and region in which the house is 
built. We will develop this method for a set of one-room 
apartments, and then test it on a set of 2, 3, 4-room apart-
ments. 

Method of fictitious variables. When studying influ-
ence of attributive features, method of fictitious variables 
will be used. 

Let us evaluate influence of the district (z), in which 
the house is built, on formation of the price of apartment 
(y) (structure of the studied phenomenon is shown  
in fig. 1). 

To account for the qualitative variable (z), we intro-
duce twelve fictitious variables z1, z2, ... z12 into the re-
gression model. Based on available sample of one-room 
apartments (volume of 765 elements), we calculate esti-

mates of parameters of regression equation. Regression 
equation will be built in a standardized form: 


1 2 3 4 5

6 7 8 9 10

11 12

0.68 4.43 4.63 2.23

13.42 7.55 7
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where yt  is the price of apartment (standardized variable 

corresponding to the value of the apartment), y
y

y y
t

s


 ), 

1 2 12
, , ,z z zt t t  standardized fictitious variables, corre-

sponding to attributive feature “district”, xt  – total area 

(standardized variable); for evaluating each parameter, the 
observed value of t-statistics is given below. 

In equation (1) adjusted coefficient of determination 
was 82.6 %, what indicates high quality and statistical 
significance of constructed equation. 

To assess influence of qualitative variable (z) – “dis-
trict”, basing on the constructed correlation matrix, we 
calculate total correlation coefficient: 

   
2 2 121 1 11 12

0.012 0.029 0.092 0.268 0.404.

yz yzy z z zr r r     

       

 


. 

Share of influence of quantitative feature in the ex-
plained variation was 51.2 %, and of qualitative variable – 
48.7 %. 

Next, we evaluate influence of material of the house 
walls (u) on formation of apartment price (y) (structure  
of the phenomenon is shown in fig. 2). 

To account for the qualitative variable (u), we intro-
duce two fictitious variables u1, u2 into the regression 
model. Let's build a standardized regression model: 


1 24.2 1.90 27.8 77

0.05 0. 10.11 7y u u xt t t t


  .                 (2) 

For evaluation influence of attribute (u) – “wall  
material”, based on constructed correlation matrix 

1 0.088 0.174 0.709

0.088 1 0.198 0.045
.

0.174 0,198 1 0.145

0.709 0.045 0.145 1

Q

 
   
 
 
 

 let’s calculate 

total correlation coefficient: 

       
1 221 1 2

0.11 0.088 0.018.0.05 0.174

yuy u yuur r r    

      
.  
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Fig. 1. Distribution of offered for sale one-room apartments 
by district of the city Krasnoayarsk, 2017 year 

 
Рис. 1. Распределение предлагаемых к продаже однокомнатных квартир  

по районам, г. Красноярск, 2017 г. 
 
 
 

 
 

Fig. 2. Distribution of offered for sale one-room apartments 
by wall material, Krasnoyarsk, 2017 year 

 
Рис. 2. Распределение предлагаемых к продаже однокомнатных квартир  

по материалу стен, г. Красноярск, 2017 г. 
 
 

Ranking of aggregate. In the initial population, we 
replace values of attribute features with corresponding 
standardized regression coefficients, thus assigning each 
element a “rank”. 

Now, in aggregate under consideration, all the features 
are quantitative. We get the following regression equation: 


39.9 5.93 34.2 95

0.09 0.550.63y u zxtt t t   .                     (3) 

Equation (3) by 81.6 % explains change in the price  
of apartments (adjusted coefficient of determination  
is 0.815) and with probability of 99 % is statistically sig-
nificant, standard mistake is S = 0.43. 

Approbation. In analogy, we analyze aggregate of 
two-room apartments (547 units of observation). In this 
aggregate, average apartment area is 55.13 square meters. 
m, average price of 1 square. m – 48.41 thousand rubles, 
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average cost of an apartment – 2668.93 thousand rubles. 
Structure of aggregation is shown in fig. 3–4. 

In this population, there is a very strong influence of 
qualitative variable – part of influence of the qualitative 
variable in the overall determination coefficient is –  
49.12 %. The resulting equation is: 


30. 1.24 29 347 . 1

0.00.58 2 0.57y ux zt ttt


 . 

Statistically significant with probability of 99 % (ad-
justed coefficient of determination is equal to 0.818). 

Next, we analyze sample of three-room apartments 
(200 units of observation). In this aggregate, average 
apartment area is 76.62 square meters, average price  
of 1 square. m – 51.05 thousand rubles, average cost of an 
apartment is – 3910.94 thousand rubles. The structure  
of aggregate is shown in fig. 5, 6. 

 
 

 
Replacing attribute feature values with standardized coefficients 

 

Wall material District 
№ 

Cost of apartment, 
thousand rubles 

Area of apart-
ment, apt. m Attributes Rank Attributes Rank 

1 1863 48.27 Monolith –0.11 Myasokombinat –0.302 

2 1262 31.77 Monolith –0.11 Муаsokombinat –0.302 

3 1010 26.01 Monolith –0.11 Myasokombinat –0.302 

4 1010 26.01 Monolith –0.11 Myasokombinat –0.302 

5 1646 42.20 Monolith –0.11 Myasokombinat –0.302 

6 1646 42.20 Monolith –0.11 Myasokombinat –0.302 

7 1545 42.70 Monolith –0.11 Solnechnyy –0.435 

… … … … … … … 

687 1677 36.11 Brick 0.00 Solnechnyy –0.435 

688 1531 37.91 Brick 0.00 Myasokombinat –0.302 

689 2315 42.09 Panel 0.05 Innokentyevskiy 0.000 

… … … … … … … 

763 3162 51.00 Brick 0.00  0.242 

764 1100 17.60 Brick 0.00 BSMP –0.012 

765 3162 51.00 Brick 0.00 Vzletka 0.242 
 
 
 

 
 

Fig. 3. Distribution of offered for sale two-room apartments 
by district of the city Krasnoayarsk, 2017 year 

 
Рис. 3. Распределение предлагаемых к продаже двухкомнатных квартир  

по районам, г. Красноярск, 2017 г. 
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Fig. 4. Distribution of offered for sale two-room apartments 
by wall material, Krasnoyarsk, 2017 year 

Рис. 4. Распределение предлагаемых к продаже двухкомнатных квартир  
по материалу стен, г. Красноярск, 2017 г. 

 
 

 
 

Fig. 5. Distribution of offered for sale three-room apartments 
by district of the city Krasnoyarsk, 2017 year 

 
Рис. 5. Распределение предлагаемых к продаже трехкомнатных квартир 

по районам, г. Красноярск, 2017 г. 
 

 
Based on the available quantitative characteristics  

(y – is price of apartment, thousand rubles; x1 - is the total 
area, sq. m, x2  – is living area, sq. m; x3 is the kitchen 
area, sq. m) we construct a regression model in a stan-
dardized form: 


1 2 31.28 0.82 9 61 .1

0.78 0.06 0.0 .5x x xyt tt t    

For these models: adjusted coefficient of determina-
tion is 71.4 % and regression equation is statistically  
significant with a probability of 99 %. Low values  

of t-statistics indicate that estimates of regression parame-
ters are not statistically significant, and high values of 
correlation coefficients between factors (

1 2
0.549x xr  ; 

1 3
0.648x xr  ) signal about presence of multicollinearity 

in the model. Let’s try to improve quality of the model by 
adding attributive features and excluding factors (x2 – 
living area, sq. m; x3 – kitchen area, sq. m) closely associ-
ated with the sign x1 – total area, sq. m 

Dealing with qualitative variables wall material (u) 
and district (z) and quantitative feature total area (x) and 
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using method, presented in this article earlier, we obtain 
standardized equation: 


24.3 0.39 14.1 31

0.01 0.420.68y u zxtt t t   . 

Note, that correlation matrix does not show close  
relationship between factors: rxu= 0–272; rxz= 0.379;  
rzu=0–390, therefore, there is no need to eliminate multi-
collinearity. 

Share of influence of attribute feature in the overall 
coefficient of determination is 33.54 %. Such equation is 

statistically significant with probability of 99 % and ad-
justed R-squre is 0.868. 

Finally, we analyze aggregate of four-room apart-
ments (83 units of observation). 

In this aggregate, average apartment area is  
107.82 square meters. m, average price of 1 square.  
m – 52.79 thousand rubles, average cost of an apartment – 
5692.53 thousand rubles. The structure of population is 
shown in fig. 7, 8. Aggregate is heterogeneous (coeffi-
cient of variation is 41.2 %), apartments in brick houses 
predominate.  

 
 

 
 

Fig. 6. Distribution of offered for sale three -room apartments 
by wall material, Krasnoyarsk, 2017 year 

 
Рис. 6. Распределение предлагаемых к продаже трехкомнатных квартир  

по материалу стен, г. Красноярск, 2017 г. 
 
 

 
 

Fig. 7. Distribution of offered for sale four-room apartments 
by district of the city Krasnoayarsk, 2017 year 

 
Рис. 7. Распределение предлагаемых к продаже четырехкомнатных квартир  

по районам, г. Красноярск, 2017 г. 
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Fig. 8. Distribution of offered for sale four-room apartments 
by wall material, Krasnoyarsk, 2017 year 

 
Рис. 8. Распределение предлагаемых к продаже четырехкомнатных квартир  

по материалу стен, г. Красноярск, 2017 г. 
 

 
In a model containing only quantitative attributes: 


1 218.11 2.74

1.11 0.17y x xt tt


  , 

adjusted coefficient of determination is 0.930 and regres-
sion equation is statistically significant with a probability 
of 99 %. 

Dealing with attributive features, we obtain equation 


29. 1.38 0.013 2

0.04 0.0096 10. xy u zttt t   . 

Conclusion. Thus, the proposed method allows to 
analyze statistical data, elements of which are character-
ized by both numerical and attribute features (qualitative 
variable). This significantly improves quality of models 
and takes into account large amount of factors. This 
method can be easily applied to arbitrary aggregates. 
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