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Using the Logistic Regression in Analysis of Results
from Statistical Observations

The article is focused on investigating the problems arising in the statistical analysis with use of logistic
models of the ordered multiple choice, which are constructed by the results of statistical observations involving
the existence of a categorical dependent variable. This group of models should be used when a discrete dependent
variable takes several alternative values. The examples include assessment of student performance (perfect,
good, satisfactory, unsatisfactory). These models’ parameters are estimated using the algorithms based on
elements of the probability theory. The purpose of constructing the multiple choice model is to determine the
factors with impact on the probability of the occurrence of a particular event and the choice of an alternative,
as well as the strength of this impact. A detailed description of the algorithms for estimating logit models of
binary and multiple choice is given, with demonstrating the model application in solving a particular problem
(statistical analysis of the results of self-assessment of health status by household members) by use of SPSS
package. It should be noted that statistical packages like SPSS, STATISTICA or STATA contain the modules
for constructing logit and probit models.

The assessment of population’s health status includes the objective assessment of their health status by the
official statistics data on the prevalence of deceases and the cumulative subjective assessment of the individual
health status by the results of sociological studies Tt is important to know to what extent the objective
assessment of the population’s health status complies with the subjective perception of the health status by
individuals. Because the primary files of the sample survey of households are confidential, the multiple choice
model was constructed by the author using the proxy data with characteristics close to actual values. Variables
such as residence place, gender, age, assessment of health status, sports practicing, smoking and income were
reported in the process of the sample survey. In constructing the model, the variable “health” was used as
a dependent variable; “gender” and “education” were used as categorical variables; “age” and “income” were
used as covariates. Once the model was constructed and its identification capacity (i. e. the correctness of
the predicted dependent variable) estimated, its specification was saved in a special file for the subsequent
rebuilding.

Key words: logit model, binary choice, multiple choice, chance logarithm, maximum likelihood method,
self-assessment of health status.

sample observations. Thus, in the sample survey
of households, designed to assess the employment,

Introduction. The present-day practice of
statistical analysis features the continuously

extending set of statistical and econometric methods.
Theyhavebeen commonly and quiteeffectively used in
correlation analyses, consumer behavior predictions,
assessments of financial sustainability of businesses,
creditworthiness of legal entities and physical
persons, etc. Also, applications of these techniques
helps increase the effectiveness of analytical and
predictive efforts focused on assessment of financial
condition of business enterprises and credit risks for
various categories of economic activities.

Various types of regression models can also be
useful for comprehensive analyses of results from
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three categories of persons are involved: unemployed
persons, partially employed persons, persons with full
day employment;in self-assessment of the population’s
health status, the participants are also proposed to
choose one of the several responses: good, satisfactory,
bad. The classical linear regression is not applicable
for situations where there is no natural ordering of
values of a dependent variable. The best alternative in
these cases can be the polynomial logistic regression.
A dependent variable that takes several alternative
value is called “discrete variable”. Accordingly, the
regression models with a discrete variable selected as
a dependent one are called “discrete choice models”.
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The class of econometric models explored in
this article arouses wide interest of statisticians,
sociologists, analysts working in the bank sector,
ecologists, market analysts and others. A lot of recent
scientific research of domestic and foreign authors
has been conducted in the field of applied statistics
and econometrics (S. Anatolyev [1], E. Sedova [11],
S. Zsolt [15]), assessment of bank sustainability,
analysis of credit risks (Ya. Magnus [ 7], A. Peresetskiy
[9]). These works deal with various dimensions of
constructing binary and multiple choice models.

This article’s objective is the author’s desire
to demonstrate wide-scale analytical capacities of
discrete choice models (logistic models of multiple
choice) for analyses of results from sample statistical
observations, and to show how their construction
algorithms can be implemented in the very popular
statistical package SPSS.

Methods for analyzing discrete dependent
variables. Models for binary and multiple choice
are distinguished depending on the number of
alternatives. Binary choice models tend to be used
when a dependent variable can take only two values:
0 and 1. The choice of function determines the type of
binary model. When the standard normal distribution
function is used, the binary choice model will be called
“probit model” [5, p. 223]:

F(AX)=P(y :I/X):ﬁ jexp(—%)dz, (1)

where z =a,x, +a,x, +...+a,x, .

When the logistic distribution function is used,
the binary choice model will be called “logit model”:
1

F(AX):P(y:l/X):m,

1 1
I+exp(—2) 1+ exp(z)
Then the ratio of the probability of the occurrence

of the event P to the probability of the non-occurrence
of the event 1- P will be presented as follows:

P(y=0/X)=1-

P l+exp(z)
1-P l+exp(—2)

=exp(z).

When the logarithm is used, the expression will
take the following form:
P
lnﬁ =z=aXx, +a,x, +..+a,x,.
The expression (2) is called “chance logarithm”
(logit). Mathematically, the logistic regression model
shows its dependence on the linear combination of
independent variables x,,i =1,m.
To  derive the vector of estimates
A=(a,,a,,..,a,) in discrete choice models, the

(2)

maximum likelihood method is most commonly used
[6, p. 621; 8, p. 243]. The essence of this method is
as follows. At the first phase the likelihood function
is constructed, which needs to be maximized on a
certain set of the observable input variables x, used
as factors or covariates for the studied categorical
targeted variable Y

Y,

i

N
L) =]]P¥ =1/X;4) - P, =0/X;4)7", (3)
i=1

where i is the number of observation, i =1, N.

After that, the likelihood function will be
logarithmed for the convenience of subsequent
calculations:

N
InL(A)=> ¥, In F (X7 4)+
i=1

LS a-v)m(i— 7 (x7 ).

i=1

(4)

The estimates of parameters a,,d,,...,d,,
derived by this method, will be valid, asymptotically
effective and asymptotically normal.

The chance logarithm shows the linear
dependence of the probability of the occurrence
of a particular event on the values of independent
variables. The constant in the model shows the
natural level of the occurrence of the modelled event
(such as bank default) given that all the independent
variables equal to zero. The values of coefficients at
independent categorical variables showing their
impact on the chance of the event occurrence are
measured in the logarithmic scale. The coefficients of
the logistic regression model are usually interpreted
using the exponential form of its presentation [4]:

1

= .(9)
I+exp(—(a, +ax +...+a,x, +&))

P(y=1/X)

The coefficients presented in this form show the
average extent of change in the chances of the event
occurrence when the independent variable is changed
by one unit of its measurement and the other variables
remain unchanged. When the regression coefficient is
positive, its exponent will be higher than one, and the
chances will be increasing, but when the coeflicient is
negative, its exponent will be lower than one, and the
chances for realization of the modelled event will be
declining.

When the categorical independent variable
is included in the model (such as bank size: large,
medium or small banks), the regression coefficient
in the exponential form will show the proportion of
chances given the existence of the factor reflected in
this independent variable compared with its absence.

The hypothesis about the significance of the
coeflicients in binary choice models is checked using
several techniques [6; 7; 14]:
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e Wald test: the quarter of the ratio of the
coefficient to its standard error;

»  Lagrange multiplier (LM) test;

» Likelihood ratio (LR) test.

The next type of model is binary choice model
that is a synthesis of logit binary choice model. With
narrow applications in the statistical analysis today,
it can become more popular with the development of
statistical toolkits and the expanding scope of specific
problems which solutions are focused on estimating
the probabilities of the occurrence of a particular
event.

In multiple choice models [2; 7; 12], the
existence of & non-observable continuous variables
Zy5Zy 552, is assumed for the dependent variable
y with k categories, and each of these variables can be
considered as “a propensity to the respective category”.
The correlation between z and the probability of
a particular value of the effective variable can be
described mathematically by the formula (6):

xp(,) 6

Ply, =1/x,)= ’
W !) exp(z;,) +exp(z,) +...+exp(z,; )

where P(yik =1/ xl.) is the probability of falling of i
observation into the category k; z_ is the value & of
non-observable continuous variable for i observation;
Zy is also considered as linearly related with
predictors:

(N

where x, is the value of j predictor for i observation;
ay; is the coeflicient of j predictor for £ non-observable
variable.

If z, were a non-observable variable, the multiple
linear regression would be easily applied for the
assessment of @, parameters. But because it is
non-observable, it will be necessary to relate the
predictors with the probability by replacing z, with a
combination of predictors:

Py, =1)=
exp(ay +ay X, +..44,,X,) 8
) eXP(dy + 8y Xy .t dy, X, )+t eXp(ay + X, +"'+akmxim).( )
The problem of model identifiability (7) is solved
by assuming one of the non-observable variables as
equal to zero (z, = 0). Then the % category will be
called “reference category”, because all the parameters
in the model are interpreted with reference to
it. When the constant ¢ is added to each z the
probability of the event occurrence will be unchanged:
exp(z, +c¢)
P(yik = 1) = A =
exp(z, +c)+exp(z,, +c)+...+exp(z, +c)
exp(z, ) -exp(c) _
exp(z;;) - exp(c) +exp(z;,) - exp(c) +...+exp(z; ) - exp(c)
exp(z; )

= =Ply, =1).
e v

Zig =0y T X, +a,X, +. a0, ,

Cocflicients @; are estimated by the iterative
maximal likelihood method [13, c. 309; 14, ¢. 216],1i.e.
the procedure of estimating the regression coefficients
is confined to the maximization of the probability of
the occurrence of a particular value of the dependent
variable (with the preset observable values).

This article describes the experience of
applications of the multiple choice model in solving
the specific problem: to analyze the results from
the sample survey of households, for producing
data on self-assessment of one’s health status. The
assessment of population’s health status covers
both the objective assessment of their health status
by the official statistics data and the cumulative
subjective assessment of the individual health status
by the results of sample statistical observations. Tt
is important to know to what extent the objective
assessment of the population’s health status complies
with the subjective perception of the health status by
individuals [8; 10; 12].

Multiple choice models in analyzing the results
of self-assessment of health status by the population
in SPSS package. The algorithm for constructing the
multiple choice model (multiple logit regression) and
the results of calculations will be demonstrated by the
data from the regional sample survey of households,
used to produce information on self-assessment of
health status by the population.

The multiple choice model was constructed
using the logistic regression with three categories
of the dependent variable (the health status is good,
satisfactory or bad). The analysis of polynomial
logistic regression was started by setting the following
procedure in the SPSS package menu: Analyze >
Regression > Polynomial logistic regression [3]. The
dependent variable “Health” and the factors (age,
income, gender, and education) were selected in the
opened window (Figure 1).

Because in the multiple choice logit model
only categorical variables (gender and education
in our case) can be used as factors with impact on
the effective variable, quantitative factors (age and
income) were assumed as covariates (predictors) that
also had impact on the effective variable and were
included in the model, but as contributing variables
(see Figure 1).

The following regression equation was used (8):

exp(z
P(Zk) — p( k) R (9)
exp(z,) +exp(z,) + exp(z;)
where independent variables 212,523 were

estimated by use of formula (7) as, respectively, good
(k = 1), satisfactory (k = 2) and bad (k& = 3) health
status. Age (X,), income (X,), gender (x;), and
education (X;) were selected as the factors with
impact on the effective variable.
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Once the factors were selected and included in the
model, it was necessary to set the stored variables that
would be added in the file of input data after calculations.
The two variables were selected: the predicted category
and the probability of inclusion in the predicted category
(Figure 2). When the model was constructed, its

specifications were saved in Health.xml file containing
all the information required for the model rebuilding. If
necessary, the module “Master of scoring” can be used
and applied with the already estimated parameters for
other data sets (some models produce XML file of the
model, others produce ZIP file of archive)

Q Multinemial Logistic Regression

Dependent:
* | [HealtnEv(Last) |

o |\E
i b4

& Height [height]
&5 Sports practicing [Sp...

& N_UHC
&5 Person code [N_UPC] [Refemf_lceCategm...]
& Year [YEAR] = eria.
ﬁ Yearly household wei... Factar(s). -

. Options...
&5 Residence (urbanirur... & Education [Educat]
&5 Geographical locatio... - & SEX
.gf? Weight [weight] B irap

&5 Smoking [SMOKER]

Covariate(s):

& AGE

| dohod

[ ok _J| paste || Reset || cancel|[ Heip |

Figure 1. Selection of factors for the multiple choice logit model

G Multinemial Logistic Regression: Save

pd

r Saved variables

[7] Estimated response probabilities

[ iPredicted category

[ Predicted category probability
[7] Actual category probability

r Export model information to XKL file

|C:1.Ludmilaﬁ.mndel—lngit health.xml

| @rows E.. ]

[ Include the covariance matrix

t;mﬁnue” Cancel ” Help ]

Figure 2. The choice of the stored variables and the exported model

The analysis demonstrates that the model is
statistically reliable, because the proportion of
identification is rather high, as shown in Table 1
(author’s development). The results allow for the
conclusion that of the total number of people assessing
their health status as good (226 persons), the test could
confirm this status for only 153 (67.7%). The other
73 persons were recognized by the test as ones with
satisfactory (72) and bad (1) health status, although
they considered themselves as perfectly healthy.

Of the total number of persons with satisfactory
health status (309), the test could confirm this status

for 231, with another 76 persons classified as ones
with good health and two persons — as ones with
bad health. Of the total number of persons with bad
health status according to self-assessment, only 4
persons of 50 were identified as such, whereas good
health status was confirmed by the test for 2 persons,
and satisfactory health status — for 44. Basically, 388
cases of 585 (or 66.3%) could be correctly identified
in all the health assessment categories. The estimates
of model parameters and their significance are given
in Tables 2 and 3 (author’s development).
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Table 1

The degree of identification of self-assessment of health status by the population of a region

Predicted values: Proportion
Observable values good satisfactory bad i dgrfticf('i)g?:ic(fns

good 153 72 1 67.7%

ﬁg;fgﬁ?él I;ng satisfactory 76 231 2 74.8%

bad 2 44 4 8.0%

Total proportion of identification 39.5% 59.3% 1.2% 66.3%

Table 2
The estimates of multiple choice logit regression model for good health status
Factors for assessr}rll(eeekrllltt }?f; ttélllfllsr()bablhty of good Regression coefficients Wald test

Incomes 0.006 0.000
Age -0.151 0.000
Gender Male 0.045 0,908
Female 0.000 0.000
Education Higher education —15.214 0.000
Secondary specialized education -15.955 0.000
Technical and vocational -15.221 0.000
Secondary education —15.934 0.000
Basic education —14.758 0.000
Primary education or no education -16.279 0.000
Constant 22.759 0.000

The significance of model parameters assessed age, income or education, and insignificant for gender
by Wald test p < 0,05 shows that the estimates of variable [2, p. 298].
model parameters are significant for variables like

Table 3
The estimates of multiple choice logit regression model for satisfactory health status
Factors f(;;tai\:?;stsggnﬁeg{tﬂhtsetap:l(l):)ablllty of Regression coefficients Wald test

Incomes 0.006 0.000
Age -0.072 0.000
Gender Male —0.585 0.089
Female 0.000 0.000

Education Higher education —15.509 0.000
Secondary specialized education -16.092 0.000

Technical and vocational ~15.996 0.000

Secondary education —16.155 0.000

Basic education —16.201 0.000

Primary education or no education —16.585 0.000

Constant 20.459 0.000

The probabilities of self-assessment of males’ calculation are to be fixed at the same level equal to
health status can be determined in the following way.  one. Three independent variables given x, = 1 (male)
The covariates (age and income) in the subsequent and x, =1 (higher education) are to be estimated as:

z,= 22,759 + 0,006 — 0,151 + 0,045 - 1 — 15,214 - 1 = 7,445;
z, = 20,459 + 0,006 — 0,072 — 0,585 - 1 — 15,509 - 1 =4,299;

8 ISSN 2519-1853 CTATUCTUKA YKPAIHU, 2021, Ne 3



TEOPIF TA METOA40J10TI9 CTATUCTUKHA

P(good) = exp(z,) _ exp(7.445) _
exp(z,) +exp(z,) +exp(z;) exp(7.445) +exp(4.299) + exp(0)
_ 1711.286 21711'28620.9582;
1711.86+73.626+1 1785.912
P(satisfactory) = exp(z,) _ exp(4.299) _
exp(z,) +exp(z,) +exp(z;)  exp(7.445) +exp(4.299) + exp(0)
_ 13626 _ 044 2
1785.912
P(bad) — eXp(Z3) — eXp(O) —
exp(z,)+exp(z,)+exp(z;) exp(7.445)+exp(4.299)+exp(0)
= _ =0.0006.
1785.912
So, the probabilities of a male with higher education  respectively.
falling into the group with good, satisfactory, and bad The probabilities for females with higher education

health status are equal to 95.8%, 4.1%, and 0.06%, are estimated as follows:
z,= 22,759 + 0,006 - 0,151 +0 - 215,214 - 1 =7.4;
z, = 20,459 + 0,006 - 0,072 +0 - 2 - 15,509 - 1 = 4,884,

z, =0;
P(good) = exp(7.400) _
exp(7.400) + exp(4.884) + exp(0)
_ 1635.984 _1635.984 0.9247:
1635.984+132.158+1 1769.142
P(satisfactory) = exp(4.884) _ 132,158 0.0747,
exp(7.400) + exp(4.884) +exp(0) 1769.142
P(bad) = exp(0) 50006,

exp(7.400) + exp(4.884) + exp(0) 1769.142

The estimated probabilities for all the education levels of males and females are shown in Table 4.

Table 4
The probability of self-assessment of health status for various categories of surveyed persons
(%)
Probability of self-assessment of health status
Education good satisfactory bad
males females males females males females
Higher, postgraduate 95.8 92.5 4.1 7.4 0.06 0.06
Specialized secondary 91.3 92.1 8.6 8.6 0.13 0.12
Technical and vocational 88.7 95.2 111 4.8 0.22 0.06
Secondary 89.4 85.6 10.3 14.1 0.22 0.25
Basic 82.8 77.2 16.5 22.0 0.68 0.72
Primary 84.8 77.9 14.2 19.1 0.96 1.04
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A comparison of males’ and females’ estimates of
self-assessment of health status can show that while the
category “good health” has the highest proportion for
both males and females irrespective of the education
level, the category “bad health” has the lowest
proportion. Also, the females with higher, secondary
or basic and primary education tend to have a lower
proportion within the category “good health” and a
higher proportion within the categories “satisfactory
health” and “bad health”.

For a more detailed analysis of the distribution
of self-assessment of health status, analogous models
accounting for residence place (large city, small and
medium town, rural area) should be built. They will
allow to reveal the dependence of self-assessments of
health status on not only the gender or education of
household members, but on the type of their residence
area.

Conclusion. Sample statistical observations need
to be finished by a comprehensive econometric analysis
of their results, intended to determine the correlation
between the dependent variable and its factors, to
estimate the impact of exogenous variables and test the
character of this correlation. Thisis demonstrated by the
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BukopucrtaHHs noricCTUYHOI perpecii ans aHanisy pe3ynbraTtiB
CTaTUCTUYHUX CNOCTEPEXEHDb

Y cTarTi po3rIanaoThes MUTAHHS MPOBE/IeHHST CTATUCTUYHOTO aHaJi3y 3 BUKOPUCTAHHAM JIOTICTUYHUX Mojiesieit
VIOPSIIKOBAHOTO MHOKUHHOTO BUOODY, SIKi OY/LYIOTHCS 3a Pe3yJIbTaTaMi CTATUCTUYHUX CIIOCTEPEKEHD, 110 Tiepeda-
YaloTh HasIBHICTb KaTeropiaJabHOI 3aekH0i 3MiHHOI. 1110 TpyIly Mojiesiell o1iIbHO BUKOPUCTOBYBATH B TOMY BUIIA/I-
KY, KOJIU JINCKPETHA 3aJIeKHA 3MiHHA HAaOYBA€ KiJlbKa aJIbTePHATHBHIX 3HAUEHb, HAIIPUKJIA]] OI[IHKA PIBHS YCIIHITHOCTI
CTyeHTiB (BiIMIHHO, 100D, 33/I0BLIbHO, He3aI0BLIBHO). [[Jist OI[IHKY [TapaMeTpiB TAKMX MOJieJieil BHKOPUCTOBYIOTD
QJITOPUTMU, 3aCHOBaHI Ha eJIeMeHTax Teopii iMoBipHOCTEll. MeTa mo0yI0BI MOjiesi MHOKUHHOTO BUOOPY — BUSHAYNTH,
SIKI YMHHUKH Ta SIKOKO MipPOIO BIUIMBAIOTH HA MOBIPHICTH HACTAHHSI Ti€T M iHIOT [O/1iT, BUOOPY Ti€l uut iHIIOT ajibTepHa-
TUBH. Y pobOTi IOCUTH IETATHLHO BUKJIAIEH] aITOPUTME PO3PAXYHKY JIOTIT-MO[esiell OIHAPHOTO | MHOKHHHOTO BUOODY,
a TIOTIM Ha MIPUKJIAA KOHKPETHOTO 3aBIaHHs (CTATUCTUYHOTO aHAJI3Y Pe3yJIbTaTiB CAMOOIIHKH 3/10POB’S YJIeHiB /10-
MAalIIHiX TOCIIO/IAPCTB ) IPOJIEMOHCTPOBAHO BUKOPUCTaHHS MOjiesii Ha ocHoBi aketa SPSS. Cotizt 3a3naunTy, 110 B TakKMx
crarucTnyHux nakerax, sk SPSS, STATISTICA, STATA, nasgsHi MoyJii /1t 1100YI0BH JIOTIT- 1 IpobiT-Moerieil.

OtiiHKa 3/10pOB’S1 HACEJIEHHST OXOILITIOE 00'EKTUBHY OIIHKY CTaHy HOTO 3[0POB’s1 32 JaHUMU O(DITliiHOT cTaTUCTUKH
PO TIONIUPEHICTH 3aXBOPIOBaHb CEPe/l HACEIEHHS 1 CYKYITHY Cy0'€KTUBHY OIIHKY iHUBIZyaJbHOTO CTAHY 3/[0POB’ST 32
pesyJisraTaMu COLIOJIOTTYHKX JOCHi/KeHb. BaxkMBO 3HATH, HACKIIBKM Y3rOKYIOThCS 00’€KTUBHA OLIHKA 3[10POB’st
HaceJIeHHsI 1 cy0'€KTHBHE CIIPUIHSATTS CTaHy 3/[0POB’st OKpeMuMH iHAuBixyyMamut. OCKUIbKE TlepBuHHi (haiim Bu-
GipKOBOrO 00CTEKEHHS JOMAIIHIX TOCIOAAPCTB € KOH(BIAEHIIHIMM, TO /it HOOYI0BU MOZE/i MHOKIHHOIO BUOOPY
ABTOPOM BUKOPUCTAHI YMOBHI [[aHi, sIKi 32 CBOIMU XapaKTepPUCTHKaMU OJIM3bKI 10 PeaJIbHUX 3HAUEHD. Y PaMKax BH-
GIPKOBOTO CIIOCTEPEKEHHSI 3aPEECTPOBAHI TaKi 3MiHHI, sIK MiCIle TPOKMBAHHS, CTaTh, BiK, OIliHKA 3/[0POB’sI, 3aHATTS
CIIOPTOM, KYPiHHsL, 10xi/1. [Ipu moOy10Bi MoJIes SIK 3aie)KHa BUKOPUCTOBYBAJIACS 3MIHHA “3/I0POB’s1”, SIK KaTeropiasibHi
3MmiHHi — “crarp” i “ocBita’; KoBapiaTami Oy “Bik” 1 “moxizn”. Ilic/ist moOy0BU il OIIHKU PO3II3HABAIBLHOTO CHJIM MO-
HOJIAJIBIIOT0 PEKOHCTPYIOBAHHS.

Kimiouosi cioBa: zozim-modenv, Oinaprui 6ubip, MHOMCUHHUEL 6UOIp, T02apudm wWancy, Memoo MAaKCUMAILHOL
npasdonodionocmi, camoouinka 300poe’s.
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