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MEASURING CIS HEALTH SYSTEMS
USING THE STOCHASTIC FRONTIER ANALYSIS (SFA)’

The Commonwealth of Independent States (CIS) was founded in 1991 after the dissolution of the Union
of Soviet Socialist Republics (USSR). The member countries are Azerbaijan, Belarus, Armenia, Kazakhstan,
Kyrgyzstan, Moldova, Uzbekistan, Russia, Tajikistan, Turkmenistan and Ukraine. Turkmenistan resigned its
full membership status in 2005 and changed its CIS standing to observer member. Drawing on the methods
of Least Squares and Maximum Likelihood Estimation of Stochastic Frontier Analysis, we made estimations
to find efficiency scores in the health sector by using the data for the period from 2010 to 2015 of the coun-
tries that are members of the Commonwealth of Independent States. In the study, we used various factors
as dependent and independent variables, including the number of doctors, medical personnel and hospital
beds per ten thousand people, the life expectancy at birth, under-five mortality rate and the incidence of tu-
berculosis per one hundred thousand people. We have found that such factor as the number of doctors effec-
tively influences reduction of the under-five mortality rates and the incidence of tuberculosis, while the factor
“the number of hospital beds” is not very effective. Finally, for the CIS countries we made recommendations
to popularize the health insurance, to change the old Soviet form of health management in public hospitals,

and to implement liberal socio-economic policies.

Keywords: CIS, Efficiency, Stochastic Frontier Analysis, Least Squares, Maximum Likelihood Estimation, Socio-
Economic Policies, Health Systems, Productivity, Number of Doctors, Number of Nurses

Introduction

The international comparison of health system
performances has attracted attention of various re-
searchers. In the countries of the Commonwealth
of Independent States (CIS) as well as in many
countries of the world, the health sector consti-
tutes the largest service sector. The average health
expenditures of the CIS countries had been at the
rate of 3 % of gross domestic product (GDP) in
2010-2015. The World Health Organization points
out that a share of a country’s health spend-
ing should be at least 5 % of that country’s GDP
and that developing or underdeveloped countries
make it a target [1, p. 105]. Among the CIS coun-
tries, Moldova (5.1 %) has the highest share of the
state’s GDP allocated to health expenditures, while
Azerbaijan has the lowest (1.3 %). Especially, hos-
pitals use a significant proportion of total health
expenditure. Therefore, analysis of the health sec-
tor significant contributes to the comparison of
health system performances.

Measurement of efficiency of health systems is
one of the main indicators for determining service
performance and efficient use of resources. Even
though there are many studies assessing and com-
paring the efficiency of health, the number of stud-
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ies analysing the efficiency of health systems by
using data from the CIS countries is very low. The
lack of studies analysing the efficiency of health
system for the CIS countries is cause by difficul-
ties in obtaining the necessary data for a compre-
hensive international comparison. The academic
studies generally use Data Envelopment Analysis
(DEA) technique, which is non-parametric. This
research was conducted drawing on the method
of Stochastic Frontier Analysis in order to contrib-
ute to the academic field. In the study, efficiency
was assessed with the help of Least Squares and
Maximum Likelihood Estimation using the data
for the period from 2010 to 2015. In this context,
it is aimed to examine the effects of various fac-
tors, such as the number of doctors, medical per-
sonnel and hospital beds per ten thousand people
on the life expectancy at birth, under-five mortal-
ity rate and the incidence of tuberculosis per hun-
dred thousand people per year.

Methods and Theory

In the parametric approach, which is a bound-
ary one, measurement of efficiency is carried by
using multiple regression techniques in which the
single output is studied with multiple inputs, and
the parameters in the function are estimated. In
this study, we attempted to determine the effects
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of inputs, which are the independent variables on
the changes in the output, which is the dependent
variable. Inefficient production components were
considered as deviating from the frontier. The
method is believed to have a random error, how-
ever, it is observed that at the fully efficient pro-
duction frontier the error is zero [2, p. 87].

The deviation from determined production
and/or cost limit can be caused by the random ef-
fects as well as by inefficiency. Farrell (1957) [3]
was the first scientist who focused on the meas-
urement and importance of the efficiency. In or-
der to find the deviation occurring due to inef-
ficiency, it is required to separate the reasons of
random effects and inefficiency. Efficiency as an
effective deviation in the context of stochastic
frontier analysis became the subject of the stud-
ies about 50 years ago. Results of the conducted
studies are described in the works of both foreign
and Russian scientists [4, 5, 6,7, 8,9, 10, 11, 12, 13,
14, 15]. The gap was filled with the development
of the SFA method under the leadership of Aigner,
Lovell and Schmidt (1977) [17] and Meeusen and
Van Den Broeck (1977) [18].

To ensure simplicity of classical economics cal-
culations, the maximization of single output “y”
in Cobb-Douglas production function is carried by
using x, and x, inputs [19, p. 82].

(D

This function determines the technological
(specific) efficiency limit, and the observations
must comply with it. Statistical errors should be
allowed for these calculations. The limits for the
observed parameters o, o, and o, (estimated us-
ing the data) will only be defined as stochastic [20,
p. 11]. The number e is a Euler’s irrational number,
calculated by the inefficiency of a firm. [21, p. 23,
22, p. 154]. These statistical errors are indicated
by v in formula (1). Statistical error terms subse-
quently were added to each y value by selecting
from v, ~ iid N (0, o?) distributions by sampling. iid
(independent, identically, distributed) means in-
dependent, zero mean and constant variance dis-
tribution. After that, the “efficient” x, x, inputs
were replaced by new inputs as shown below [19,
p. 82];

y=ax]"x,*e".

)

herev,,v,>0.

The assumption that the inefficiencies comply

with either exponential or semi-normal distribu-

tions is valid. Therefore, the distributions (0, 62 ;

0, %) have been changed in formula (1).
y :B)A(llh )A(ZBZ e’ ,

3
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here %, > x, and X, > x, were accepted and the actual
observed inputs were changed. In order to make
an estimation, the formula (3) was changed by as-
suming the following log-linear form.

Iny=B,+B,In%, +B,Inx, +v,

(4)

here, Bs take place in the formula as predictors for
a, o, and a.,, which are the actual production func-
tion parameters in formula (1). Cooper and Tone
(1997) [19] used “the error occurrence” version of
the SFA method in their studies.

Iny=p,+B,Inx, +B,Ink, +v-u

©)

(v —u) was added to the formula (4), where v is the
N (0, ?) distributed random variable that is sup-
posed to be distributed independently, and where
u (u > 0) is the random variable that measures the
technical inefficiency that does not take a negative
value. Terminology refers to occurrence of u > 0 as
to “abandoned outputs” [23, p. 24]. Generally, it is
assumed that each v, random variable is distrib-
uted independently from each ui random varia-
ble and that the two error terms are unrelated to
the explanatory variables. In the stochastic fron-
tier analysis, assumptions are made for the ran-
dom variable as follows [24, pp. 32-33]:

Ewv,1X)=0 (6)

In the value x given in the formula (6), the
mean of the detrimental term is zero. Thus, the
noise component v is assumed to have properties
that are identical to those of the noise component
in the classical linear regression model. The inef-
ficiency component has similar properties except
it has a nonzero mean (because u, > 0). When ho-
moscedasticity is discussed for the term v, the var-
iance of v, for X is regarded as constant and posi-
tive. This assumption is expressed as follows [25,
p. 245]:

variance (v,| X) =E [v.— E(v) | X]* =

=B X) =07, (7)

The following assumptions about distribution
were used for getting the maximum likelihood
estimation of the stochastic production limit [9,
p. 28]. These assumptions refer to the distribu-
tion in the form of u, ~ iid N+ (0, o) series together
with v, ~ iid N (0, c2) described above. In the nor-
mal distribution of the translog discrete, it refers
to mean value u and the distributions are assumed
as v, ~iid N (u, c2) and u, ~ iid N+ (n, %).

It is equal to the sum of the o? random variable
or the random error variance c2 and the variance
of the technical inefficiency 62 [25, p. 5].
®)

2 — 2 2
(&) —GV+GM.

WWW.ECONOMYOFREGION.COM



0. Yesilyurt, F. Selamzade 61

The y value measuring the significance of the
stochastic frontier estimation indicates that inef-
ficiency is resulted from random error or technical
inefficiency. This is formulated as follows

2 2
(o) ()
= u =_u
Y= 2 T 2 2° (9)
G” GV (e}

The t statistics, which indicate whether the ob-
tained estimation results confirm the null hypoth-
esis, were developed by R.A. Fisher, J.R. Newman
and P. Pearson before 1960°s [24, p. 141]. The es-
timation results of both methods were analysed
using related computer programs. The signifi-
cance levels of the estimation values were given
as p <(0.01), p < (0.05), p < (0.10). Most impor-
tantly, the values equal to or less than 0.05 indi-
cate that they have a determining role in increas-
ing efficiency.

Variables and Hypotheses

The Commonwealth of Independent States
(CIS) was founded in 1991 after the dissolution
of the Union of Soviet Socialist Republics (USSR).
The member countries are Azerbaijan, Belarus,
Armenia, Kazakhstan, Kyrgyzstan, Moldova,
Uzbekistan, Russia, Tajikistan, Turkmenistan and
Ukraine. Turkmenistan resigned its full member-
ship status in 2005 and changed its CIS standing
to observer member'.

In the study, we attempted to determine ef-
ficiency with the help of Stochastic Frontier
Analysis method by using the data of CIS coun-
tries for the period from 2010 to 2015. The data for
the studies were obtained from the statistics sites
of the CIS? and the World Bank®. Based on the data,
we created regression equations for Cobb-Douglas
production function. Methods of Least Squares
and Maximum Likelihood Estimation were used
for the analyses.

In addition, we attempted to collect data from
the websites of the statistical institutions of all
countries. Since the necessary data could not be
obtained from the websites of the statistical in-
stitutions of the Republics of Uzbekistan and
Turkmenistan, the data of the CIS statistical insti-
tution and the World Bank were used. When com-
paring the data obtained from the statistical insti-
tutions of other countries with the statistics of the
CIS and the World Bank, we discovered that the
data were the same.

While selecting the variables used in the study,
we reviewed related sites were reviewed getting

! http://www.cisstat.com/ (Date of access: 26.05.2018).
% http://www.cisstat.com/ (Date of access: 26.05.2018).
* https://data.worldbank.org/ (Date of access: 28.05.2018).

access to the data for all countries. In the study
we used the following variables: life expectancy at
birth, morbidity rate, mortality rate, infant mor-
tality rate and child mortality rate.

The following regression equations are created
with the data obtained:

1. InM =B+ B InB + B,InD + B.InP + v, — u.

2. InL =B, + B,InB + B,InD + B,InP + v, - u,.

3.InT=B,+p,InB + B,InD + B.InP + v, — u.

Where M is the value of under-five mortality
(probability of dying by age 5 per 1000 live births),
L — Life Expectancy at Birth, T — incidence of tu-
berculosis (100000 population per year), B —
Number of hospital beds (per ten thousand peo-
ple), D — Number of Doctors (per ten thousand
people), P — Number of Medical personnel (per
ten thousand people). Log-transformed variables
were assessed in the regression equation.

The hypotheses researched in the study were
as follows:

HO: B, =B, = B, = B, = 0;

H1: minimum one parameter = 0.

Table 1 shows the correlation values and sig-
nificance levels between the variables (life ex-
pectancy at birth, incidence of tuberculosis, un-
der-five mortality rate, and number of hospi-
tal beds, doctors and nurses) for the years 2010
to 2015. The corresponding data for all CIS coun-
tries per each cited year were used. It is seen that
there was a statistically positive and significant
correlation between such variables as the number
of beds, doctors and personnel, and a statistically
negative and significant correlation between the
under five-year mortality rate and number of beds,
doctor and personnel. It was found that there was
a statistically significant and negative correla-
tion between tuberculosis and life variables in the
years 2010 and 2012. The correlation values taken
were significant above 70 % and at the signifi-
cance level of 5 %. It was observed that the corre-
lation between the other variables was very close
to 0, 0 and less than 0, and insignificant at the sig-
nificance level of 5 %. If the value of the correla-
tion coefficients is positive, it demonstrates that
there is a correlation in the right direction; a neg-
ative value shows the reverse direction. The cor-
relation coefficient equal 0 means that there is no
correlation between two variables.

Efficiency Analysis (Results)

Before interpreting the estimations obtained
from the regression, it is necessary to acknowl-
edge some important assumptions related to the
linear regression model. These assumptions are
whether there are a multicollinearity (Variance
Inflation Factor — VIF) between the independent

SKOHOMMUKA PETMOHA T.16,Bbin. 1 (2020)



62

COUMANBHO-35KOHOMUYECKWE NMPOBNTEMbI PETMOHA

Table 1
Correlation between Variables (By Years)
2010/ InB [ InD | nP | InL | InT |InM |
InB 1.0
InD 0.66 1.00
InP 0.76 0.69" 1.00
InL —-0.25 0.46 —0.08 1.00
InT —-0.08 -0.58 | —-0.33 | —=0.72" | 1.00
InM | -0.79" | -0.87" | -0.71" | —0.26 0.53 1.00
2011 InB InD InP InL InT | InM
InB 1
InD 0.68" 1
InP 0.77" 0.69" 1
InL -0.27 0.42 —0.21 1
InT —0.11 —0.54 | —0.29 | —0.52 1
InM | -0.81" | —0.88™ | —0.72" | —0.23 0.55 1
2012 | InB InD InP InL InT | InM
InB 1
InD 0.69 1
InP 0.75 0.67 1
InL —0.09 0.51 —0.12 1
InT —0.11 -0.56 | —0.26 | —0.66 1
InM | -0.86" | —0.88" | —0.74" | —0.33 0.43 1
2013 | InB InD InP InL InT | InM
InB 1
InD 0.64 1
InP 0.72" 0.56 1
InL —0.16 0.41 —0.25 1
InT —0.18 —0.46 | —0.33 | —0.42 1
InM | —0.83" | -0.75" | —0.75" | —0.25 0.43 1
2014 | InB InD InP InL InT | InM
InB 1
InD 0.66 1
InP 0.68 0.49 1
InL —-0.10 0.44 -0.27 1
InT —0.227 | —0.524 | —0.393 | —0.467 1
InM | -0.838" | -0.763" | —0.747" | —0.234 | 0.429
2015| InB InD InP InL InT | InM
InB 1
InD 0.66 1
InP 0.68" 0.47 1
InL —0.0 0.50 —-0.28 1
InT —0.20 —0.58 | —0.33 | —-0.53 1
InM | —-0.84" | -0.79" | —=0.75" | —0.26 | 0.40 1 |

" Correlation is significant at 0.05 level. * Correlation is signifi-
cant at 0.01 level.

variables, the heteroscedasticity problem for the
term ui, and the autocorrelation relationship be-
tween the disruptive terms. If one of these prob-
lems exists, it makes the estimation results of the
regression equation difficult or even impossible.
As seen from Table 2, results of the Durbin-
Watson Test performed using the data for the
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years 2013, 2014 and 2015 in which “InT” was
the dependent variable and “InB”, InD” and “InP”
were the independent variables demonstrated
that there was a different variance problem in
analysis of the considered regressions. Therefore,
the analyses of these regressions were not in-
terpreted. No other problem was encountered in
other regressions.

In the case where the value of n x R?, obtained
as a result of the White test regression conducted
for the years 2010-2015, is greater than the X2
table value, it is accepted that there is a differ-
ent variance problem. In case the value is smaller,
there will be the same variance. In the equations
with dependent variables of “InD”, “InP” and “InB”
and with independent variables of “InL”, “InM”
and “InT”, it is accepted that there is a different
variance problem.

Because the values of variance inflation fac-
tor obtained from the equations with independ-
ent variables of “InD”, “InP” and “InB” and with
the dependent variables of “InL”, “InM” and “InT”
are less than 5, it was concluded that there was no
perfect multiple linearity between the independ-
ent variables in regression.

In table 3, we used the dependent variable
“InM”. The table also demonstrates that in the LS
estimations made using Cobb-Douglas production
function, only for “InD” in 2010, 2011 and 2015,
and for “InB” and “InD” in 2012, t values of B coef-
ficients of independent variables’ logarithmic val-
ues were greater than |+2| and p likelihood values
were found to be less than the significance level of
5%.1In 2013 and 2014, it was found that the coef-
ficients obtained by independent variables in the
regression were insignificant. The other notewor-
thy case was that the independent variable “InP”
was insignificant at the significance level of 5 %
in all years, thus, it had no effect on the change
of the dependent variable. According to the re-
sults of the LS estimation, in the years 2010, 2011,
2012 and 2015 the 1 % increase in the “number of
doctors per 10.000 people” may cause an approx-
imate 1-1.4 % decrease in the under-five mortal-
ity rate, which is a probability of dying by age 5
per 1000 live births, that is a dependent variable.
In 2012, it was estimated that the dependent var-
iable could decrease by 0.89 % as a result of 1 %
increase in the number of hospital beds per ten
thousand people.

In regressions for all the years, the R? value
in the range of 0.8-0.9 and the adjusted R? val-
ues in the range of 0.7-0.8 demonstrate that ap-
proximately 80-90 % of the total change in the
dependent variable is explained by the change in
the independent variables. The fact that the suf-
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Table 2
Accuracy of Regression Tests
2000 | 2011 [ 2012 | 2013 2014 2015
Dependent variable: InM rate
VIF 1.95 1.99 2.20 3.20 2.20 2.22
White Test 10 10 10 10 10 10
. 2.062 1.997 1.963 1.801 1.812 1.817
Durbin-Watson Test Agreed Agreed Agreed Agreed Agreed Agreed
Dependent Variable: InL expectancy
VIF 2.1 2.01 2.50 3.50 2.50 2.42
White Test 10 10 10 10 10 10
. 2.21 1.877 2.027 1.725 1.641 1.841
Durbin-Watson Test Agreed Agreed Agreed Agreed Uncertain Agreed
Dependent Variable: InT
VIF 1.98 2.12 2.34 3.34 2.34 2.24
White Test 10 10 10 10 10 10
. 2.029 2.107 1.700 1.156 1.188 1.283
Durbin-Watson Test Agreed Agreed Agreed Ret Ret Ret
Table 3
Efficiency Estimate Results of Least Squares (LS) and Maximum Likelihood (ML)
(dependent variable InM — under-five mortality rate)
2010 2011 2012 2013 2014 2015
10,617 1091 11.16™ 12.04™ 12.717 12.81"
Constant (LS) (7.04) (7.49) (8.58) (6.26) (6.81) (7.52)
—0.76 —0.79 —-0.89" —0.97 —0.987 —-0.91
InB (LS) (-1.52) (~1.61) (=2.01) (~1.47) (-1.5) (~1.48)
-1.30" -1.36" -1.16" —0.80 —0.84 —-1.00
InD (LS) (2.60) (2.67) (-2.68) (-1.37) (~1.53) (=2.01)
0.05 0.03 —0.11 —-0.56 —0.676 —0.66
InP (LS) (0.09) (0.06) (~0.24) (-0.95) (-1.31) (-1,42)
log Likelihood -0.938"" -0.432"" 0.83™ 1.703™ 1.66™ 2477
R? 0.84 0.86 0.89 0.80 0.83 0.86
Adjusted. R? 0.76 0.78 0.83 0.70 0.74 0.79
Est. Std. Error 0.34 0.33 0.29 0.39 0.36 0.33
F statistics 10.35™ 11.85™ 15.99™ 7.88" 9.64™ 11.92""
10.617 10.94™ 11.16™ 12.36™ 13.56™ 13.717
Constant (ML) (7.12) (3.69) (7.91) (1.8e+05) (18.13) (17.82)
-0.76" -0.79" -0.89™ —-1.32™ -1.37" -1.13"™"
InB (ML) (-1.96) (-2.08) (=2.59) (=57000) (—2.86) (-2.62)
-1.30™" -1.36™" -1.16™ -0.36"" —0.36 —-0.67
InD (ML) (-3.36) (-3.43) (-3.46) (~14000) (-0.64) (~1.26)
0.05 0.03 —0.11 —-0.60™" -0.84™ -0.87"
InP (ML) (0.91) (0.94) (=0.31) (~42000) (~5.46) (=6.51)
o, 0.266 0.25 0.22 0.000 0.000 0.000
o, 0.003 0.04 0.01 0.408 0.410 0.38
o’ 0.071 0.06 0.05 0.17 0.17 0.14
Y 0.0001 0.02 0.0006 1.00 1.00 1.00
A 0.012 0.16 0.025 83500000 4.851.227 2.952.596

"p<0.10; 7 p<0.05 " p<0.01; t values are given in brackets.

ficiently high value of F-statistic and significance
level of 5 % shows that the regression model is es-

timated correctly.

Table 3 shows that all the inefficiencies in the
years of 2010-2012 are caused by random er-

ror, while in 2013-2015 in the rate of 100 % they
are caused by the technical inefficiency in the

Maximum Likelihood Estimation analysis. This

can be estimated from the values that 6, 5, ¢*
and y have taken over the years. As a result of the
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ML regression, it is seen that the coefficient value
of the “InB” independent variable is significant
at the significance level of 5 % in all years. In this
case, it is estimated that 1 % increase in the num-
ber of hospital beds per ten thousand people re-
sults in the possibility of 0.76-1.37 % decrease in
the under-five mortality rate.

In Table 3, in the Maximum Likelihood
Estimation, “InD” was found to be negatively sig-
nificant in 2010-2013, while independent varia-
bles “InP” were found to be negatively significant
at the significance level of 1 % in 2013-2015. In
2013, it was estimated that all three independent
variables had a negatively significant effect on the
dependent variable. This fact suggests that the
number of doctors, personnel and hospital beds
should be increased in order to reduce the un-
der-five mortality rate.

In Table 4 we used the dependent variable
“InL”. This table shows that in the LS estimations
performed using the Cobb-Douglas production
function, for “InB” in 2010 and 2011, for “InD” and
in 2010-2015, and for “InP” in 2011, t values of B
coefficients of independent variables’ logarith-
mic values were greater than [+2| and p likelihood
values were found to be less than the significance
level of 5 %. This result can represent the positive
effect of the number of doctors on the increase of
life expectancy at birth. It can be said that the life
expectancy at birth will increase by 1 % because
of increase in the number of doctors per ten thou-
sand people by 1 %. It is estimated that increase
in the number of hospital beds (2010 (-0.06), 2011
(-0.05) and the number of medical personnel
(2011 (-0.04)) by 1 % will result in negative inter-
action on life expectancy.

In regressions for all the years, the R? value
in the range of 0.6-0.86 and the adjusted R? val-
ues in the range of 0.35-0.78 show that approx-
imately 60-86 % of the total change in the de-
pendent variable is explained by the change in
the independent variables. The fact that the suffi-
ciently high value of F-statistic for the data in the
period of 2010-2012 and significance level of 5 %
shows that the regression model in the mentioned
years is estimated correctly. However, low values
in 2013-2014 and insignificant level of 5 % show
that the model is estimated incorrectly.

Table 4 demonstrates that all the inefficiencies
in the years of 2010-2012 are caused by the tech-
nical inefficiency, while in 2013-2015 approxi-
mately in the rate of 100 % they are caused by ran-
dom error in the Maximum Likelihood Estimation
analysis. This can be estimated from the values
that 6, 5, 6* and y have taken over the years. The
ML regression reveals that the coefficient value
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of the dependent variable and “InD” independ-
ent variable are significant at the significance
level of 5% in all years. In this case, it is esti-
mated that 1 % increase in the number of doctors
per ten thousand people results in the possible
1 % increase in life expectancy. In the Maximum
Likelihood Estimation, “InB” was found to be neg-
atively significant in 2010-2011, while “InP” inde-
pendent variables were found to be negatively sig-
nificant at the significance level of 5 % in 2013-
2015. In 2010 and 2011, it was estimated that all
three independent variables had a significant ef-
fect on the dependent variable at the significance
level of 5 %.

Estimations made using the LS method (in
Table 5) demonstrate negatively significant corre-
lation at the level of 10 % in 2010, 2012, and 2015
among the B coefficients of the logarithmic val-
ues of “InT” dependent variable and “InD” inde-
pendent variables. This result illustrates that in
these years the number of doctors per ten thou-
sand people has a positive effect on the decrease
of incidence of tuberculosis per 100.000 popula-
tions. In general, the low value of F-statistic in all
the years and the significance level of 5 % suggest
that the regression was insignificant.

Approximately 40-50 % of the R? values and
approximately 13-30 % of the adjusted R? val-
ues indicate that the very low rate of change in
the dependent variable is due to the independent
variables.

Table 5 shows that, as a result of Maximum
Likelihood analysis, all of the occurred inefficien-
cies are caused by random error as it takes val-
ues very close to 0 in all regressions. This means
that the ML results are identical to the LS results.
According to the results, for decreasing the inci-
dence of tuberculosis, it is required to increase the
number of doctors; however, the number of med-
ical personnel and the change in the number of
hospital beds are not important.

Result and Discussion (Conclusions)

The paper demonstrates the lack of stud-
ies, which measure and compare the effi-
ciency of health sectors of the countries of the
Commonwealth of Independent States. The lack
of consistent international data with the CIS be-
ing quite inactive as an international organi-
zation, as well as the existence of political, eco-
nomic and military disagreements between some
of the member countries make it difficult to create
data flows and conduct analysis. Although there
has been a considerable improvement in the data
flow between the CIS countries over the past few
years, including the establishment of an institu-

WWW.ECONOMYOFREGION.COM



0. Yesilyurt, F. Selamzade 65

Table 4
Efficiency Estimate Results of LS and ML (dependent variable InL — Life Expectancy at Birth)
Variables 2010 2011 2012 2013 2014 2015
424 426 425 428" 428" 426"
Constant (LS) (65.41) (82.81) (62.88) (47.67) (45.92) (49.35)
—0.06" —0.05" —0.04 —0.03 —0.03 —0.03
InB (L
nB (L) (=2.74) (~2.88) (~1.69) (-1.01) (~0.95) (~0.82)
0.10™ 0.10™" 0.10™" 0.07" 0.07" 0.07"
InD (LS) (4.43) (5.7) (4.32) 2.7) (2.58) (2.85)
—0.02 —0.04 —0.04 —0.03 —0.03 —0.03
InP (LS) (~0.90) (=2.07) (-1.71) (~1.24) (-1.23) (~1.45)
log Likelihood 335 35.96™ 32.8™ 2847 285 2927
R 0.79 0.86 0.76 0.58 0.57 0.62
Adjusted. R 0.68 0.78 0.64 037 0.35 0.43
Est. Std. Error 0.02 0.12 0.02 0.02 0.02 0.02
F statistics 7.38" 11.827 6.33" 2.74 2.61 3.29
4197 424 417" 428" 428" 426"
Constant (ML) (650000) (276.70) (190000) (56.63) (56.63) (59.75)
—0.04™ —0.04" —0.02 —0.03 —0.03 —0.03
InB (ML
nB (ML) (~13000) (-2.35) (~1.69) (-1.3) (-1.23) (~1.06)
0.10™ 0.11" 0.117" 0.07" 0.07" 0.07™
InD (ML
nD (ML) (~13000) (~2.35) (4.32) (3.49) (3.33) (3.67)
—0.03™ —0.05" —0.04™ —0.03 —0.03 —0.03"
InP (ML
np (ML) (~7208) (-2.35) (~6099.9) (-1.61) (-1.59) (~1.87)
G, 0.00 0.000 0.000 0.014 0.014 0.01
G 0.017 0.013 0.018 0.0003 0.0003 0.0003
5> 0.0002 0.0001 0.0003 0.0002 0.0002 0.0002
y 0.999 0.999 1.00 0.0005 0.0006 0.001
A 5.784.515 9.88 3.98 0.023 0.023 0.024
“p<0.10;" p<0.05 " p <0.01; t values are given in brackets.
Table 5
Efficiency Estimate Results of LS and ML (dependent variable InT)
Variables 2010 2011 2012 2013 2014 2015
6.01" 6.17" 5.90™ 6.08" 632" 637"
Constant (LS) (5.54) (4.75) (4.72) (4.13) (4.46) (4.37)
0.55 0.48 0.50 0.36 0.45 0.58
InB (LS) (-1.52) (1.10) (1.19) (0.72) (0.9) (1.11)
—0.75" —0.82 —0.85" ~0.53 —0.62 —0.84
InD (LS
nD (L$) (~2.08) (-1.79) (~2.05) (-1.18) (~1.48) (~1.95)
—0.23 —0.14 —0.09 —0.27 —0.35 —0.32
InP (L
np (LS) (~0.57) (~0.30) (~0.21) (~0.61) (~0.89) (~0.79)
log Likelihood 2347 0.703" 123" 0.44 1.28 0.961"
R? 0.52 0.42 0.46 0.28 0.38 0.46
Adjust. R? 0.29 0.13 0.19 —0.076 0.07 0.18
Est. Std. Error 0.25 0.29 0.28 0.30 0.28 0.28
F statistics 0.19 1.45 1.72 0.79 1.24 1.67
6.01" 620" 590" 6.08" 633" 6.417"
Constant (ML) (4.94) (3.18) (4.14) (4.13) (4.22) (3.22)
055" 0.48 0.50 0.36 0.45 0.58
InB (ML) (~1.96) (1.42) (1.54) (0.93) (1.17) (1.42)
—0.75™ —0.82" —0.85" —0.53 —0.62" —0.84"
InD (ML
nD (ML) (~2.68) (-2.3) (~2.65) (-1.52) (-1.91) (~2.48)

The end of Table 5 on next page
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The end of Table 5 on next page

Variables 2010 2011 2012 2013 2014 2015
—0.23 —-0.14 —0.09 —-0.27 —0.35 —0.32
InP (ML) (~0.73) (~0.39) (~0.27) (~0.79) (=1.15) (-1.01)

o, 0.191 0.22 0.21 0.232 0.21 0.22

o, 0.005 0.04 0.01 0.004 0.01 0.06

c? 0.037 0.05 0.05 0.054 0.05 0.05

Y 0.001 0.04 0.0006 0.0003 0.001 0.065

A 0.027 0.198 0.03 0.02 0.04 0.26

"p<0.10;" p<0.05; " p <0.01; t values are given in brackets.

tion in the field of statistics in the CIS, some lim-
itations remain. Moreover, the lack of studies fo-
cused on the functioning of the health sector, the
resources allocated and the effective use of re-
sources, the inconsistency in creating and report-
ing international standards can be caused by the
fact that data for some countries do not cover all
the hospitals. Further attempts to collect reliable
micro- and macro data in the future and to use of
these data for the purpose of academic researches
should be encouraged.

In the study, we empirically analysed whether
there is a long-term correlation between the re-
sources allocated to health (independent varia-
bles) and the health indicators (dependent varia-
bles). Independent variables include the number
of doctors per ten thousand people, the number
of medical personnel per ten thousand people, the
number of hospital beds per ten thousand peo-
ple. Dependent variables are life expectancy at
birth, under-five mortality rate, incidence of tu-
berculosis. The regression analysis was conducted
based on the annual data of the Commonwealth
of Independent States for the period from 2010 to
2015. We determined the level of correlation be-
tween the variables, perfect multiple linearity be-
tween independent variables, successive depend-
ency between different variance and disruptive
terms, whether or not the problem of auto-corre-
lation is in question.

Then, we assessed the effect of health re-
sources on health indicators the methods of least
squares and maximum likelihood estimation of
Stochastic Frontier Analysis. The empirical find-
ings determined a negative correlation between
the under-five mortality rate and the number of
doctors, hospital beds and medical personnel.
Additionally, they revealed a positive correlation
between the life expectancy at birth, the num-
ber of doctors and a negatively significant corre-
lation between the incidence of tuberculosis and
the number of doctors.

As a result of this analysis, determination of
a statistically significant relationship between
the variables in this study can be interpreted in

SKOHOMUKA PETMOHA T.16,Bbin. 1 (2020)

terms of both econometrics and production policy
of health services. The dependent and independ-
ent variables in econometric studies and the used
analysis methods can be effective for finding out
different results.

On the other hand, the rate of public health ex-
penditures in GDP in the CIS countries in the pe-
riod from 2010 to 2015 is approximately 3 %; this
value can be effective in obtaining the current re-
sults. For all CIS countries, we would recommend
to popularize the health insurance, to change the
old Soviet form of health management in pub-
lic hospitals, and to implement liberal socio-eco-
nomic policies. In addition, the public should use
health investments in more efficient and produc-
tive areas.

Inputs used to measure efficiencies in the
healthcare systems of the Commonwealth of
Independent States countries in the study con-
ducted by Salamov and Yesilyurt [16] in 2019 are
the number of beds, the number of doctors, the
ratio of health expenditures to GDP. Incidence of
tuberculosis and under-five mortality rate years
are outputs. The input-oriented, fixed-scale CCR
model revealed full efficiency scores for Belarus,
Armenia and Moldova in 2010 and 2011; for
Belarus and Armenia in 2012 and 2014; for Belarus,
Armenia, Kazakhstan and Azerbaijan in 2013; and
for Belarus, Armenia and Kazakhstan in 2015.
The input-oriented, variable-scale BCC model
demonstrated full efficiency scores for Belarus,
Armenia, Kazakhstan, Moldova, Azerbaijan
and Kyrgyzstan in 2010; for Belarus, Armenia,
Kazakhstan and Moldova in 2011; for Belarus,
Armenia, Kazakhstan, Moldova, Azerbaijan and
Tajikistan in 2012 and 2014; for Belarus, Armenia,
Kazakhstan, Azerbaijan and Tajikistan in 2013;
and for Belarus, Armenia, Kazakhstan, Moldova,
Azerbaijan, Tajikistan and Kyrgyzstan in 2015.
It was concluded that in the countries that do
not have a full efficiency score, there are idle re-
sources, and the incidence of tuberculosis and un-
der-five mortality rate should be lower. Reforms in
health policies are needed for more efficient and
productive use of resources.
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Reliability of parametric efficiency estimates paring health efficiency based on the total data.
is very important in terms of deCISion-making However, the selectively conducted quantitative
in health policy. Researchers and policy mak- international comparison can create valuable
ers should be aware of the limitations and in- source of data that can serve as a basis for fur-
accuracies of parametric techniques for com- ther policies.
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