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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.

HCIOJIb30OBAHUE ATPUBYTUBHBIX IIPU3HAKOB ITPU CHEHA®UKALINA
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Ipu uzyyenuu cmamucmuieckux COBOKYRHOCHeElL ¢ A6HO BbIPANCEHHOU IHOOLEHHOU NePEeMEHHO, HeobX0OUMO Bbl-
A6UMb (PAKMOPHbIEe NPUSHAKU, KOMOpble OKA3bIBAIOM CUNbHOe 6nusAHue Ha pesyaomam. [Ipu smom gaxmopHuvle npu-
3HAKU Mo2ym Oblmb, KAK KOIUYECMBEHHbIMU, MAK U ampuOymunvimu. /s oyenKu GIUAHUS YUCTOBbIX NPUSHAKOG
MOICHO UCNOTB3068AMb MEMOObl PePecCUOHHO20 ananusd. Brusnue ampubymuenvix npusnaxoe ne yuumeoieaemcs. O0-
HAKO YACMO UMEHHO OHU 6HOCAM pewiaowuil 8K1ad 8 eapuayuro pesyrbmama. Heobxooumo paspabomams memoodol
AHAU3A BIUAHUS AMPUOYMUBHBIX NPUSHAKOS U YUemd SMUX NPU3HAK08 8 pecpecCUuOHHbIX MOOCIISX.

Ha npumepe cosokynuocmu keapmup, npednazaemuvix K npodadice 8 2opode Kpacnoapcke, npumenet HO8blll Memoo
OYEHKU BIUAHUSA AMPUOYMUBHBIX NPUSHAKOS HA KOAUYECMBEHHbI C UCHONb308AHUEM PAHICUPOBAHUS UX 8 COOMEEMC M-
BUU C UX GIUSHUEM HA IHOO2EHHYIO nepemennyio. [ ananusa ampubymueHo2o npusHaKa ucCHoIb3yemcs Memoo Qux-
mueHblx nepemennvix. Kasicoomy ampubymy, umerowemy m 3HayeHuti cmaeumcs 6 coomeemcemeue m-1 guxkmusnas
nepemMeHHas, Cmpoumcsi peepeccuontas mooeisb. Cuny 6nusHUs IK302EHHbIX NEPEMEHHBIX MOICHO BbIPA3UMb C HOMO-
Wbl0 CMAHOAPMU3UPOBAHHBIX KOIPDuyuenmos peepeccuu. B smom cuyuae eiusinue ampuOymos MOJICHO OYEHUMb
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COBOKYRHBIM KOI(Duyuenmom Koppensayuu, GbIUCTEHHBIM HA OCHO8E PecpecCUOHHOU MOOenU ¢ (UKMUSHBIMU nepe-

MEHHbIMU.

s Oanvretiwezo ucciedo8anus cOBOKYNHOCHb NPediazaemcs pamdiCupo8amo, NPUCEAUBAST KANCOOMY DNEMEHNY
«paney — 3HaueHue CMmanoapmMusUpPOBaHHO20 Kodpuyuenma, KOMopwvlil ompasjicaem mecHomy CeA3U ¢ IHO0SEHHOTU
nepemennou. Takum o6pazom, 6ce npusHaKu UMelom yuciogoe suaienue. [locmpoensvi cmanoapmusuposanuvle pezpec-

CUOHHBLE MOOEIIU.

Hpe()ﬂaeaeMan N00X00 MOXNCHO UCNONB308ANMb npu anaiuze cmamucmu4ecKkux COS‘OKynHOCTn@ZZ, eduHuubl Komopblx
Xapakmepusyromcs KoaudecmeerHvimu u ampu6ymu6Hb1Mu NPUSHAKAMU.

Kniouegvie crnosa: ampubymusnvie npusHaku, paHiCupo8anue NepemeHHbvlX, KOppeusiyus, CMmaHoapmu3upo8annas

MOOeb MHONCECTNEEHHOU peepeccuu.

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

——OOlt +0.257, —0.087, —0.017, —0.057, -
g -0.68 11.78 443 B 463 4 223
—-0.307, —0.187_ +0.047, —0.14z, - 0447, — (1)
—13.42 -7.55 1.96 -7.87 -16.58
—0.047, +0.097, +0.607,.
242 5.05 33.98
where 7, is the price of apartment (standardized variable
corresponding to the value of the apartment), 7, = =) ),
s,
t.>t.,..»1, standardized fictitious variables, corre-
sponding to attributive feature “district”, ¢, — 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:

ry\zlzz...zlz :Blryzl +B12 Vo,
=(=0.012)-(=0.029) +...+0.092-0.268 = 0.404.

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 (1) on formation of apartment price (y) (structure
of the phenomenon is shown in fig. 2).

To account for the qualitative variable (1), we intro-
duce two fictitious variables u;, u, into the regression
model. Let's build a standardized regression model:

=—011t +0.05¢, +0.71z, . 2
-4.28 1.90 27.77
For evaluation influence of attribute (#) — “wall

material”’, based on constructed correlation matrix
1 -0.088 0.174 0.709
—0.088 1 -0.198 0.045
= . let’s calculate
0.174 -0,198 1 0.145
0.709 0.045 0.145 1
total correlation coefficient:
r_}"ulllz :Blryul +B2ryu2 =

=(=0.11)-(~0.088) +(0.05) - (0.174) = 0.018.
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Fig. 1. Distribution of offered for sale one-room apartments
by district of the city Krasnoayarsk, 2017 year

Puc. 1. Pactipenenenue npemiaraeMpIx K Ipojaxe 0JHOKOMHATHBIX KBAPTHUDP
o paiionam, r. Kpacaosipck, 2017 r.
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Fig. 2. Distribution of offered for sale one-room apartments
by wall material, Krasnoyarsk, 2017 year

Puc. 2. Paciipesienenue npepiaraéMsIx K pojiaske OJJHOKOMHATHBIX KBAPTUP
10 MaTepuaily cTeH, r. KpacHospck, 2017 r.

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:

£, =0.63t, +0.09%, +0.55¢, . 3)

39.92 5.93 34.95

445

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:

t =0.58¢,-0.02¢, +0.57¢, .
30.47 -1.24 29.31

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

No Cost of apartment, Area of apart- Wall material District
) thousand rubles ment, apt. m Attributes Rank Attributes Rank
1 1863 48.27 Monolith -0.11 Myasokombinat -0.302
2 1262 31.77 Monolith -0.11 Myasokombinat -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
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Fig. 3. Distribution of offered for sale two-room apartments
by district of the city Krasnoayarsk, 2017 year

Puc. 3. Pacnpenenenue npeanaraeMblx K Mpoaxe AByXKOMHATHBIX KBapTUP
1o paiionam, r. Kpacuosipck, 2017 r.
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Fig. 4. Distribution of offered for sale two-room apartments
by wall material, Krasnoyarsk, 2017 year
Puc. 4. Pactipesienenne npeiaraeMbIX K IPOJIaKe BYXKOMHATHBIX KBapTHP
10 MaTepuaity cTeH, r. Kpacnospck, 2017 r.
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Fig. 5. Distribution of offered for sale three-room apartments
by district of the city Krasnoyarsk, 2017 year

Puc. 5. Pacnipenenenue npeuiaraeMbIxX K IpoJiaxe TPEXKOMHATHBIX KBapTUP
1o paiionam, r. Kpacnospck, 2017 r.

Based on the available quantitative characteristics
(y — is price of apartment, thousand rubles; x; _is the total
area, sq. m, x, — is living area, sq. m; x; is the kitchen
area, sq. m) we construct a regression model in a stan-
dardized form:

=0.78¢, +0.06¢,

12.19 1.28

+0. OSt
0.86

For these models: adjusted coefficient of determina-
tion is 71.4 % and regression equation is statistically
significant with a probability of 99 %. Low values
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of t-statistics indicate that estimates of regression parame-
ters are not statistically significant, and high values of

correlation coefficients between factors (7, =0.549;

Iy, =0.648) signal about presence of multicollinearity

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

g+l + 042
Note, that correlation matrix does not show close
relationship between factors: r,= 0-272; r.= 0.379;
7.,=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 heterogencous (coeffi-
cient of variation is 41.2 %), apartments in brick houses
predominate.

B Monolith

939 MmPanel
(]

BBrick

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

Puc. 6. Pactipenenenue npempraraeMsix K Mpojiake TPEXKOMHATHBIX KBapTHP
1o MaTepuaiy cres, . Kpacnospck, 2017 r.
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Fig. 7. Distribution of offered for sale four-room apartments
by district of the city Krasnoayarsk, 2017 year

Puc. 7. Pacnipenenenue npeiaraeMbIxX K IpoJaxke YeTbIPEXKOMHATHBIX KBAPTUP
1o paiionam, r. Kpacnospck, 2017 r.
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Fig. 8. Distribution of offered for sale four-room apartments
by wall material, Krasnoyarsk, 2017 year

Puc. 8. PacnipeniencHue npeiaraeMblx K Mpoaaxe 4YeTHIPEXKOMHATHBIX KBAPTHP
1o MaTepuainy cre, . Kpacaospcek, 2017 r.

In a model containing only quantitative attributes:

t =1.11z,
18.11 M

-0.17¢, ,
-2.74
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

t =0.96¢, +0.04¢, +0.001¢, .
29.13 138 0.02

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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