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Abstract

In this study considered analysis for healthcare service quality. Study consid-
cred quantity of hospital facilities for every 10000 population. As well as consid-
ered the average munber of medical staff per hospital. The results of study can .
he used in the shade of the number of medical institutions and the training of
the necessary numnber of medical personnel in the healtheare svstem. For these
used regression method and as software used SAS. Pyvthon and R prograimming
languages. These methods study were used on the example of two cities of Kaza-

khstan Almaty and Nursultan.



Anpnarmoa

By seprrevie me ummHa ik KEMETTOP 1L Callachl T LIATA bl 3epPTTev1e ap-
01p 10 000 azanira aypyxailatap canbl KapacThipblia bl Coitlaii-ak Gip avpyxa-
Hara MCUHUTHATBIK HePCOHAM LI, opTama calbil cekepiici. Comlaii-ax Xa1bi-
KThII ZKall Oachina HIaKKQHAArbl MeHIIHHA KbI3MeTKeP IePiin callbl 3epTTe e,
3epTTey HOTHZKCIOD] MO IIHAIBLIK, MEKCNe eP 1IN Calbl MeH 1eHCAY I, CaKTay
ARYTIeCHHIerT MeAIITHABIK KBI3METKEPICPALH, KazKeTT] calbil Jafibi1ay icrepide
raii1a 1aHbl IV Bl MYMKIH. By T MakcaTTap YIHH perpecciist o:ici Ko anbliaibl, al
bariapIanMa’ibik KanTavacs3 eryv peringe SAS. Rvthon zaene R 6arsapiania-
Jay TILIEP] KO IalblTadbl. 3epTTeV:iH ochl daictept KasakeTauibiH eki Ka:lamﬁ—

AIMATDBI ZK9He H\'])(i\’,'ITﬂI[ MbICAIBIH 1A KO T aHbL1AbI.
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AHHOTAIIN A

B o neeses1osalnm paceMoTpen aHATIE KAUeCTBA MEIIUIHCKEN VEIVE B
HeETEII0BAH I VUIITLIBATOCh KOJHYeCTBO OO TBITITUHLIX VUPOAICHIT Ha Kazk 1ble
10000 macesgenng. A TakyKe VAUTbIBACTCS CPETHSIsE HICTICHHOCTD MEUTTHCKOTO
epCcoHa A 11a OHY OO TLHIILY. PesyiIbraTsl 1Ce1eI0BaHN MOIVT ObITh [CTO T30
3AHBL HTOObL 3AHOHNTE KO TYOCTEO MO, UNHCKIN N UPEsK, ICHUT H 10 10TOBKII
HEOOXOIHMOFO KOMECTBA MEeJIUIHCKOTO ePCOHATA B CHETCMC 3/PaBooXpalie-
Hist. LTt 9THX 1etelt 1HCHOL3VeTCsl PErPecCOHHBIN MeTO T, a B KauecTBe npo-
FPANMHOTO 00ECHEUCHIIS HETIOM3YI0 T sI3bIKIL HPorpaxiposantist SAS. Python
i1 R. Jdanupie MeTo sl nees1e,1oBamis ObLIE HCHOIb30BAHBL Ha IPHAEPe IBVX ro-

posos Kazaxcrana Amars 1 Hypevirran.
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1. Introduction

Healthiness is the ercatest gift in human life. The hunan heing is the basic unit
of demography: according to this the healtheare organizations are the main in-
vestors in lnunan life as demography developers. Demographic, social and health
saving factors for the development of nmrban and rural areas. their life support-
ing svetews depend on the organization of activities and optimal equipment of
medical institutions.  According to the data provided by worldwide healtheare
oreanizations we will give following factx about life expectancy: men's index is
equal to RO, 2 years and woman own 85 vears lifetime. Also in Japan average
lifespan about 90 vears. But in our country this index is significant]y lower which
iz only 65 vears [1]. Nowadays measuring healthcare quality is the most impor-
tant issue in medicine. Growing number of people. increasing the cost of medical
service and erowing request for healtheare systen are motivate people to know
the nsed medical services are qualitatively. Expanding the use of medical services
will complicate the work of liealth organizations. increase their vulnerability and
require quality control of medical services. In addition. modern society requires
oven more transparency. which requires the health sector -as well as other public
seetors - to give insight into their activities. Different sector professionals can use
information about the quality of care for different aims. Medical stall tries to
improve the quality of their assessment. State agencies use information on the
quality of medical care and supervision of medical care. and insurance companies
use it 1o select hospitals and patients who want to conclude contracts for the
treatimeni of hospitals for use. Sinee care quality information is used for different
purposes. it is important that quality indicators are reliable and valid and that
care quality is accurate. However. despite the rapidly evolving scientific literature
on this subject. currently there is no consensus on how to measure the quality of

CAlre.



1.1  NMNlotivation

One of the main directions of the countr’s national policy is the health of the
nation. which has undercone multiple transformations and is planned to be fur-
thier developed. Todav, huge amounts of funding are being made to improve the
Lealthcare =cctor. including the private sector. introducing new financing and
manacenient techniques. and a new 1R policy is being developed to upsrade
and attract doctors. all of which ix developing harmonionsly in the long run. It
we look at history. tocether with vaining independence. Wazakhstan inhervited a
vast sverem of health care from the former Soviet Union. Manyv health clinies
and hospitals have also material and human resonrees valuable. and have also
uzed old-fashioned techniques. Despite this in the beginning of independence our
country were very poor and meet a lot of financial problems which were aflects
on healtheare svsten. by cause of this sitnation during 1991 and 1996 vears child
and adult worality rate were increased. But the Ministry presented the first state
program "People’s Health” within the framework of the strategic development of
the Republic of Kazakhistan "IKazakhstan-2030". The purpose of the program
was to improve the health of the people of Kazakhstan., Tt was a 1998-2008 aca-
demic vears. [2] It consisted of three basic stages and was based on the following

principles:

N
1. maintaining the level of access to health care services for the population.
enhancement of cconomic. legal and organizational activities and adaptation

of the Lealth care svstem to market conditions:

2. Creation of cconowmic and legal prevequisites for the formation of the do-

mestic market of medical services:

[

Ensuring the offectiveness of medieal institutions,

During 26 vears of independence our country achieves a lot of successes in health-

care sphere but there are many unresolved issues in the area of health. Thev:

1. lack of professionals in villages:

[N

poor training of health professionals:

3. low salaries and low =ocial security of health care workers:

9




4. rechuically pocy supply of medical institations in the regions:
5. corruption in public adiministration:

G. Tnsuificient responsibility of doctors for the medical errors they have made

the difliculty of hringing them to justice and prosceution.|4]

I Wazakhstan. there are a lot of programs and lows ave presented to improve
healtheare service guality during independence vears. bur there are a luck of
analvsis that shown the vesults. These tasks ave still refleeting today and reguire a
comprehensive solurion to the problem. Therefore onr study converges to analvze
lack of liealtheare indicators. Also. in this study we will take two main mega cities
fAlmaty. Nursultan; of country to assess the quality indicators ol healthicare. Tn
addition. to study relationship hetween studied observations or regions we will use
linear regression analvsis. time series analvsiz and SAS programming language.

correlation analysis which are very useful for predicting,

1.2 Aims and Objectives

In this study our aim is to brieflv study the lincar regression model. which can
sive us ability Lo make deep analvzing (o medical care service svstem: use 3 tools
to eive the hest regression model results and show one of them: to prepare data
to work, and show the last lincar regression model of quality of service and make

analyses.

1.3 Thesis Outline

The first chapter is Introduction chapter. It is this one that vou are currently
reading. Tt eives insight into the work done.In the first chapter we will make
literature veview. In Chapter two we review regression model and formulate the
problem to solve omr analysis. Chapter three is describing the tools that we can
use in o analvsis to the problem.In chapter fore we will give results of examined

two citv. And in chapter live we conclude our conclusion.
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2. Literature review

In this proposal we focus on the dimension of quality of Liospital care for external
aims. Speciallys we will learn the connection among variables of “quality indica-
tors". In this chapter several concepts connected to this subjeet will he introduced
and as a result the exact study questions and content of the rest of the thesis will
be obtained. A\ varietv of definitions of quality of healtheare have heen formulate
over the years. The terminology “quality of medical service” does not own exactlv
definition. The quality of medical care - a set of characteristics confirming the
conformity of the indicated health carve to the patient’s needs expectations. the
cirrent level of medical science and technology (Lindenbraten A. L. Grigereva
TN 2007). Also. one usnally used definition is from the Organization for Lco-
nomic Cooperation and Development (OECD): excellence of healthcare can be
calenlated on at least three kev size: efficiency, individual centeredness and se-
curite|6] Efficiency reflect the quangity to which procedure outcome crror-freely
in preferred results | 7| Individual centeredness or receptiveness means the level to
which a system funetions by placing the patient at the centre of its deliverance. [6,8]
This component is often measured in terms of the care. communication and un-
derstanding experienced by the patient in the elinician-patient relationship.[9.10]
The level to which health care processes avoid. and improve unfavorable out comes,
possibly resulting from the healtheare processes itself, is referred to as protection.
Quality of care investigate has a long history. From our country Independence
Day rules about healtheare and measuring the quality indicators changed many
time. If we look to the Rules of organization and conduet of internal and external
expertise of quality of medical services of Minister of Health and Social Develop-
went of the Republic of Kazakhstan dated March 27, 2015 Ne 173, In these Rules

the following main concepts are nsed:
L Quality indicators of medical services - the criteria. including the effective-
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ness. completeness and quality of wedical =ervices. which are reflecred in

the healtheare ~standards:

2. Strnctwral Indicators - eriteria for providing with human. financial and tech-

nical resources;

Process imdicarors - crireria tor evaluating the implenentation of preventive.

Ce

diagnostic. therapeutic and rehabilitation technologies:

Indicators of the results of medical services - criterion of assessment of health
impact caused by healtheare organizations or physical persons rendering medi-
cal aid: In the mid-1800s Florence Nightingale consider gquality of care by assess
death and sickness rates in British armed [orces hospitals during the Crimean Way.
In Austria. Ignaz Semmelweis caleulate and compare death charge connected to
puerperal fever with parenthood hospital in Vienna (1841-1846).[12] in the start
of the 20th century. the American phyvsician Ernest Codiman introduce a union
to lmprison patient outcomes following surgical actions in US hospitals. [13] These
quality assessments were all initiated by health care professionals. The interest
in quality and protection of care revived after the journal of the Harvard Medical
Practice study in 1991 and the later publication “To Err Is Human: Building a
Safer Svstem” by the Institute of Medicine in America. Since then the significance
vivell 1o patient safety and quality ol care has increased. And specially the de-
maid for quality assurance and transparency from external stakeholder. such as
humanity and government. has hecome stronger.[1.11-16] Nowadays. information
on quality of care is used for internal and external purposes. Internal aim include,
for example. the initiation and assessment of quality development programs. Ex-
ternal use of quality information involves the public evaluation of medical centers
based on data concerning the hospitals™ quality of care. Such external compari-
sol may guide to quality development through assortinent of the “best’ providers
by patients or clients.]17.18] The obtainable scientists, who focused on the or-
sanization analysis among cffectivencss and quality of healtheare service. mostly
used linear regression analysis, Laine ot al. [22] studied the organization among
prodictive effectiveness and proven quality of institutional enduring care for the
aoced by applvine stochastic creation imit approach. Their outcome revealed that
there was no systenn connection atnong creative effectiveness and quality, but lower

qualitv mielit iave an force on the productivity efficiency from a long-term point
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of view. Laine ot all (23] caleulared the scientific cfoctiveness of institntional
long-ternn care for the aced by DEN svstem, Meantime. they discussed the con-
nection anmong guality and technological effectiveness by Mann-\Whitney test and
correlation coctiicients mvestigation. This invesrigation fonud a important corre-
lation hetween the scientific effectiveness and ~unwanted dimensions of Quality”™.
Gok and Sezen |24] estimared the effeetiveness of 345 public hospirals in Turkev
ntilizing DEA micethod and analvzed the exchiange amons gnalite and effectiveness
of healtheare service by multiple regression analysis. Tn the process of analvsis.
Th(‘j\' took the ("ﬁ‘l('i#‘ll('.\' values as vxplnin variables 1‘(@;11’([(‘([ healtheare ser-
vice quality as desceriptive variables. The outcome manifested that the hospital
dimension could have an effeet on the trade-off among quality and cffectiveness.
It can be seen that these rescarches did not integrate the quality and effectivencess
to talk abont their connection. and they took quality as a power factor of offi-
cieney. In addition, the trade-off among efficiency and quality of healtheare has
not got a qualitative or quantitative finizh form the feature of combined effective-
ness and quality, Iealtheare service guality by wmathematical studies establish in
little quantities. hetween them Tao Du in his paper studies about quality ol med-
ical service. His study based on the analvsis over. he calenlate the family member
quality index value Q of healthceare service of 31 provinces of mainland China hy
wsing method for order liking by match to a perfect result (TOPSIS) method.
and then treat Q as the complete quality level during efficiency capacity by DEA
model. TOPSIS method caleulate DAUs™ relation index values by building per-
feet and negative ideal solution, so its essential thought is alike to DEA method|].
In the healtheare service field. Navar and Ozean |25] {irst nsed qualitv-adjusted
DEA model to calculate and measure up to hospitals” comprehensive performance
in ters of technical effectiveness and quality. Thev completed the hospitals were
with top effectiveness also with upper quality services. and there was no evidence
to prove the survival of a trade-off among quality and cffectiveness. This study
directly puts 3 quality measurements as results (o estimate eflectiveness by DEA
model. Quality-adjusted DEA model was developed by Sherman and Zhua [26],
and it viewed uality as the production for eflectiveness measurement. DEA
measnres the effecriveness throngh the ratio of inputs and outputs, so only taking

excellence ws the ontput(s) may not guide to effectiveness estimation completely.



3. Method and methodology

3.1 The concept ‘regression’

The concept of "regression” is associated with Francis Galton. In IS85 he pub-
lished his scientific work "Reeression in the direction of the overall average size of
inheritance. of growth." Therein he came to the conclusion that the signs of pai-
ent= are not fully inherited by children. and the more distant the ancestor. the to a
lesser extent affect its properties on the descendant. Galton showed that children
of very high or verv low parents in average have less high or less lTow growth. In
addirion. the deviation in the growth of children is not as laree as deviation of the
orowth of their parents [tom the average growth of the studied. This movement
hack in the direction to the mean Galton called regression (to regression - move-
ment in the opposite direction). Galton wrote: "the Law of regression strongly
testifies against full inheritance of Ay sign. From a large number children only
a fow will shy away frow the average level of compared with the evasion of one
of the parents. different their natural qualitics. The brighter talent of one of par-
ents. the less likely parents are to have the happiness of seeing that nature also
seneronsly endowed their sons. and even less often. to the endowment passed on
to the next generation. The law is impartial and objective. It is evenly distributes
the inheritance of good and bad traits. e destrovs the excessive illusions of one
aifted parent, cherishing the dream that his children will inherit all his abilities.
The lTaw algo climinates exaggerated concerns about the fact that children will
pass all the weaknesses. shortcomings and diseases of parents Of course. these
statenents are contrary to the General theory that children talented parents are
more likelv to have any talents than children of parents with average abilities. Our
reaxoning onlv expresses that the fact that the most gifted of all the children of

the fow gifted parent pairs is not so talented as the most gifted of all the children
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VOry nialy reeression is due vo Francis Galton. In Issd e published his scientific
work "Regression in the dircetion of the overall averave size of inheritance. of
orowt " Therein he came to the conclusion that the siens of parents are not fully
inherited by children. and the more distant the ancestor. the to a lesser extent
allect its properties on the descendant. Galton showed that children of very high
or very low parents in average have less ligh or less low evowtly. In addirion. the
deviation in the growth of children is not as lavze as deviation ol the growth of
their pareuts from the average growth of the studied. This movenient back in
the direction to the mean Galton called regression (to regression - movement in
the opposite direction,. Galton wrote: "the Law of regression stronely testifies
against full inheritance of anv sign. From a large munber children only o fow
will shy away from the average level of compared with the evasion ol one of the
parents. different their natwral qualities. The brighter talent of one of parents. the
less likely parents arve to Lave the happiness of seeing that nature also eencrously
endowed their sons. and even less often. to the endowment passed on to the next
ecneration. The law is impartial and objective. It is ovenlv distributes the in-
heritance of good and bad traits. He destroys the excessive illusions of one gifted
parent. chierishing the dream that Lis children will inherit all his abilities. The law
also eliminates exaggerated concerns about the fact that children will pass all the
weaknesses, <hortcomings and discases of parents. Of course. these statenments are
not contrary to the General theory that children talented parents are more likely
to have any talents than children of parents with average abilities. Owr reasoning
only expresses that the fact that the most gifted of all the children of the few gifted
parent pairs is not so talented as the most gifted of all the children of so many
couples with average abilities.» In the statistical interpretation of the regression
i= the change function depending on one or more chianges arguments”. A function
1= defined as a variable that depends on another argnment. variable (independent
variable.) Regression is a one-way statistical dependence process. With simple
correlation study dependence hetween the variability of two variables X and Y.
Using regression is an additional task: to establish how quantitatively, changing
one variable while changing another (or others) per unit. If vou investigate the
dependence variable Y from N then set the regression Y to X, If the same study
the dependence of the variable Xoon Y. then determines the regression of X on

N Parpose of the reeression analysis - hased on the values one variable selected
=] .
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ax an arguent. predict the corresponding valne of the other - function). This s
the first difference hetween the vegression method and the correlation method.
Second the difference is that the dearee and nature of the regression can be soet
and with a small munber of pairs of values of the dependent and independent

variables.

3.2 Regression analysis tasks

In healtheare service analvzis studies. regression analysis is used to solve the
following tasks: 1. Establishing the form of dependence hetween variables (linear-

nonlinear. negative-positive. ete.. 20 Definitions of regression function. Tt is

important to find our what would he the effect on the dependent variable of the
main factors if other factors did not change and il randon elements were excluded.
3. Predictive evaluation of unknown values of the dependent variable. Using the
regression lunction. you can reproduce the values of the dependent variable swithin
the interval of the specified values of the independent variables (Interpolation) or

evaluate the process bevond the specified value interval (extrapolation).

3.3 Types of regression

With respect to the number of featires taken into account. the regressiot can
he: simple - between two variables, and multiple (or particular) - between the
dependent variable Y and several independent (explanatory) variables: X1. X2.
N\ with respect to the form of the dependence - linear and nonlinear: with
respect to the direction of the relationship - positive and negative. By the nature
of the relationship hetween the dependent and independent variables. vegression
can be direct (the cause has a direct effect on the consequence), indireet (the
independent variable acts through a third or a number of other causes on the
dependent variable), and false (nonsense-regression - ocenrs in a formal approach

without wnderstanding of the reasons that cause this relationship).
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3.4 Simple lincar regression

Shmple linear rearession is understood as aone-way Hear statistical dependence
ol a featnre on onlv one independent variable. The analyzed characteristic i more
often callod deperlent or resulrant variable and denote by the svmbol "v"and
the [actor-caze - independent or explanatory variable and denote Ty the svinbol
U (i rhe case of mudriple reeression - oy where ko Tooan factorse Simple
lincar regression can he expressed:

ocmpirical regression line:

orcorexsioll cquiation and theoretical regression line:

oregression cocflicient,

3.5 Empirical regression line

To il a regression line. von mmst have two data series. On the horizontal x-
axis. the coordinate svstems mark the values of the independent variable. On the
vertical axis v - the values of the dependent variable corvesponding to the values
of thie independent variable. Connecting all the dots line represents the regression

line of Y on N (see Figure 3.1 and )

N
3.6 The selection equation of the regression line

An cwpirical regression line ix usually @ more or less broken line. Despite the
clear nature of the relationship hetween X and Y. it does not make it possible
to accurately determine any value of Y for a given value of X. For this pu-
pose. use the reeression equation. which in neneral can be written as follows:
y, =y = b(r; — )+ ¢; where y, is the value of the i-th observation ol the depen-
dent variable (i 1....n ) o - the value of the corresponding independent variable:
2 ond - 10 averaves observations: b = cocflicient of proportionality;e; - error. The
eepation expresses certain dependence: atter the deviation of afrom the average
for the variable X, the deviation of y; from the average for the variable Y. The
mdicator 1 is the coelficient of proportionality. i.c. a measure that. on average.
indicates a quantitative change in Y when X changes by a certain value. Moving

. 1o the vight side of equalitve we got g, = g+ b, — o) + ¢, Thads equal to zero.

17
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Figure 3.1: Table of population and medical person in Almatyv hHetween 2003 and
2016

then o will he the initial value of Y. which should be started when constrmeting
the regression line. whenw; = (0. Therefore. it 1s usually denoted Dy by or a. Then
the linear regression equation takes the form: y; = by +bpe;+c; vy, = a+ by +€;
Thisx cquation is for simple linear regression. where f a7 - independent variable
feause-factor): a (or by) and b (or by) are the regression parameters (o be eval-
nated. a (by) is the regression constant. 1t determines the point of intersection
of the regression line with the v-axis. . a () is the mean of Y at &; = 0.
Therefore. hiological interpretation of a (by)) is often difficnlt or even impossible.
The constant performs in the regression equation alignment function. Thanks to
it. the regression function is unbiased. b (by) is the cocflicient of proportionality
rhat characterizes the slope of the line to the abseissa axis: it is a measure of the
influence of variable X on variable Y. or a measure ol the dependence of variable
Y on variable N. It indicates the average value of the change of variable Y when
X changes by one nnit. The sign at b (D) indicates the direction of this change.
A positive value indicates the progressive nature of changes in the dependent
variable with inercasing values of the argument. At negative b (b)) there is a
nesative regression - with inereasing xi the values ol the variable Y decrease. The

reeression paranieters are not a dimensionless quantitv. The regression equation
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Fit Pletfor med person

Ficure 3.2: The estimation of reeression analysis between medical person and
o O .
population for 10000 people

constant. a (by) has the dimension of the dependent variable. Dimension b (by)
is the ratio of the dimension of the dependent variable to the dimension of the
independent variable. The parameters of the regression equation are unknown.
Different values of a and b will correspond to different direct regressions. There-
fure. the task of regression analvsis is to find such estimates of these parameters
(thie selection of the line). which woyld be the most they were in good agreement
with the actual data. To do this. use the method of least squares (LS). The system

of normal equations of the LS-method for simple linear regression has the form:

Scap Stal |b > Tiy;

The solution of the system gives unbiased estimates of b and a:

no yoai | lal | 2w

b _n Sﬂ-"z’yi_.z\* Lilh
Yo 'HZJ';:_‘(E-"))!'

a=y—br.

These estimates include in the equation for the selection of the line regression of
Y on X:

y =a+ bua.
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For cach value of the independent variable o (1 -1....1). the reeression function
= (yi)is calculated using this equation. The values of the regression function (y;)
(i-1....n; are called predicted or calculated values of the variable Y for fixed ;.

Then the observed value (y,) can be represented as

yi = (yi) + ¢
=+ brv;+¢;.

Where ¢; is a perturbing variable or residue involving the inlluence of unaccounted
factors (interpreted as an crror). Predictive estimates ((y;)) ave the best linear
approximations (approximations) to the actual (empirical) values (y;), because -
their standard error is minimized by the LS-method. The set of predicted values

forms a theoretical regression line (see fig).

Figure 3.2

Due to the modifying influence of unaccounted factors. several empirical values
of y; can be observed for each value of x;. The values of the regression function
((y;)) are thus estimates of the average values of the variable Y for each fixed
value of the variable X,

Examnple 3.1 Tt is required to describe the linear dependence of the ratio medical

person (.} and hospital (y;):

Sy = 191218
S a=912

1=

()% = 61560

Lsj=]

ST () = 12771057

i=1
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Figure 3.4: Table for population and hospital of Alimaty between 2003 and 2016

Therelore.
_ 14(12771057)—(191213)(912) 1103982 e
b= T1(61560) (0122 = Zmas. = 146.3
And.

0= (191218—-117-110.3(912)) — 4198

making the least squares line
y = 4128 4+ 1.16.3x
N

These equations are used to calculate prognostic estimates of hospital ( y; ) for
medical person (). For example. the number of hospitals in 2003 equal to 33,
the prognostic assessment of an average medical person will make

y1 = 4128 + 116.353 = 11882
or '

yi = 4128 4+ 146.379 = 15685.7
This predicted (theoretical) value-is the best, in the sense of the LS-method.
linear appraximation ( approxil‘l‘létion) to the actnal (empirical) value,y, = 11432,
hecause the standard error of the forecast is minimized. The theoretical direct
regression is based on prognostic values (Fig,. 25). You can predict the average
annual number of doctors for any hospital. Thus, with a 85 hospitals. the expected
average med person for one hospital will be:

yi = 1128 + (146.385) = 16564

.)']

N N




3.7 Regression coefficient

In healtheare analvsis stadies. it is often nor the divect rearession itself that is
ol interest. hut the effect that one variable has on the other. ITn o sieh cases. the
reeression coetficienr is calendared. The regression cocthicient is the ratio ot the
covariance between the independent and dependent variables {o the variant of the

independent variable:

[}.7' i = - .
’ [
Previously, it was shown rhart
Y Y
Ory n—1
and
T\ SN,
(UJ')- o

where ST, is the sum of products of deviations from means:d (v, — ) (y, — y):

CCt . . . . . b
SS,- =um of squares of deviations from the mean:) (r, — )=

Then the estimation of the regression coeflicient on the sample can be calculate

thie following formulas:

. S~y _ _ o .
P D D U o1 /| R DL st DT e DETD DY TR DY 07 el LKl
s s - =~ -2 _ ~ 2 - L2 Sy I NN )
' i ’I L(’ "I) () “\’_4'11 v‘}.,"’) DRI

S )\'J— "

Thus. the regression coefficient is nothing but the coeflicient of proportionality (b

) 11 regression equation:
Yy, = a+ hr;.

Like the coeflicient of proportionality. the regression coeflicient is a measure of the
dependence of the variable Y on the variable Xo It shows the average value of the
chanee in the variable Y when x changes by one unit. The sien in the regression
cocflicient determines the divection of this change. A positive value indicates the
progressive nature of changes in the dependent variable with increasing values
ol the argient. When the regression coelficient is negative. there is a negative
chamee, in which the values of the variable Y decrease with increasing N. Regres-
slon analysis provides more information than correlation analvsis. It allows vou
to set the dependence of hoth the variable Y on the variable X, and versa - X on

Y. Therefore. the regression coeflicients can he rwo:

;) .')



o clianeine rhe Y variable when chaneing the N variable

h 7
[ — .
Dy =7 S -

,‘»—” )_
o chaneing the N variable when changing the Y vartable

Ty,

b = :
.1 (('4")"

Exercise3.2 For the data of example 3.1 will receive
SR = 2697731611

N

) — 71 oy —_ - —_— Ty —_— ' m” .

Z)-’/"' - (”'f,,’“) - b»'/‘! - |rr:,>3 - Z!/—"(—!_/P )
_I2TTIOST=LHI3GIS65.LD 3153077y 10019
- TOT2IN— 14( 1365512 = hiisens = —U.00012

The resulr shows that with cach inerease in the average hospital, the live medical
stufls number will decrease iy 0.00012 people. From a =cientific point ol view. the
dependence of nmunber of hospitals on the medical souff is meaningless. Here this

dependence is given only to illustrate the calculations.

3.8  Null hypothesis and confidence interval

N
Deviation of the prognostic assessment g, from the actual the values of the de-

pendent variable (y;) are called the remainder or forecast error:

< . . . . . D - .
Forecast errors have a distribution with mean cqual to zero and variances ;. This
residual variance estimated according to the formula:

0'2 58 2l ) Yo
T T =D n—(rm+1)

where SS, s the sum of squares of residues: df is the number of degrees of free-
doni: 1 is the sample size: mis the nmber of independent. variables. The physical
meaning of the residual variance is the portion of the total variance of the depen-
dent variable Y (7). which can not he explained by the dependence of the variable
Y on the variable X, The residual variant is used to calculate the variant due to
reeression or an independent variable (i):
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and error estiniates of the regression coefficient {m,)

GoAn-1

my == \/o} =
where | is the standard deviation of the residuals: §S, and , - sun of squares
and the standard deviation of the independent variable. vespectively. Thus. the
standard error of the sample regression coeflicient estimation is directly propor-
tional to the residual distance and inversely proportional to the scattering of the
independent variable (argument) and the sample size.
To test the null hypothesis ([ : b = 0). t-statistics are calculated:
-0

niy,

ty =

If 4l df) at the number of degrees of freedom df = n — m — 1. then the null
hypothesis at the significance level is rejected: the regression coetticient is con-
sidered statistically significant. '

Confidence interval for the true value of the regression coeflicient:
(b — T .f’nb) <b< (b -+ tu';(/ .f77l‘b)

[t can he argued that the confidence probability P =1 parameter in the popula-
tion (the true value of b) will not go bevond these boundaries. ’
Exercise3.3. The test of the null hypothesis and the construction of the con-
fidence interval are illustrated for the regression coefficient of the hospitals on
medical person (example 3.1).

According to the vegression function
y = 4128 4 146.3x

the caleulated prognostic score vi (for example, for the 2003 year y; = (4128 +
146.353 = 11882) and their errors () = 11432 — 11882 = 450):
According to prognostic estimates, a theoretical line is- drawn regressions (

). Variance and standard deviation of the residués:

Yy 85, 3971396 __ 2200103
O-(i - 7)_(,n+1) - l’l—(l"‘"l) - '3'309‘1937
g. = V2229.95 = 1319



Figure 3.5: Table [or population and hospital of Almaty hetween 2003 and 2016

and statistical analvsis

« : 't 9
Calculation SS,.5 and . :

Il -
Z}. .l,',' = 9.

—_ 2 o
T =22 = G514,

SS=3e =) =S a? = a7 = 061560 — 14+ 61.14% = 9226.6

o, =vV709.7 =266

Variation and regression error:

a2 3300493 _ o=y =
T, = T T Gmne o 0000

my, = \/02 = V338.7 = 13.9:

A 1 1 I
AT 26.61V13 18.9.

Henee,

b4y, = 146.3 + 1R.9.

Actnal t-test




sy [ (17 S
/‘I’ T o, IN0 T rod

At = 5% and the muber of degrees of freedom df = 14 = (1 = 1) = 12 critical
value #,0.05:12) = 2.179ttable. AL S of Annex AL Sinees £, < £,0.05:12) . the
null hypothesis remams valid. The true value of the regression coetficient 95%

confidence probability is in the range of estimates
(b= 10051 2my,) < b <D+ 1.0 2m = D). i.c.

From (146.8 = 2.17913.9) to (146.8 - 2.17918.9) or

From 105.6 to 187.9% and it can take a zero value.

Exercise3.4.

Regression analvsis of population (N) and the munber of wedical studf (Y) between
2003 and 2016 illustrates a different calculation techmique. Here we will use per
10.000 people of the population.

[nitial data and caleulation of siuns of squares and producets:

1% js [ ) L fliln S5
i oo 0o51 3 i 2oLl 255
! RO EEE 001 RN s ST .
< i I TR z s 21 RIS
< T - TEG BN
' - v
: 0ls 5 z ) 77
- 1
| 47
i -
1
!

—_ N 926 )
T = VL - l)4(1 — ]378

" 1
|
- Yoo 1908 ,
g =~ =37 =136 ..

02 = 3 86 ) G

. ~5S 3256.22 I
o2 = S8 = B2 )5 Y

ol 111
<SPy TR g
Ory = == = 1 = 3.0
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Reeyession coctticient:

h,. === A = (.016
b, = Do = B 50,00
7- A )

The reeression cocflicients show that with the increase of population inereased
nmber of medical stutf by an average of 59 people. On the other hand. the
increase in population with 39 people increased munber of medical person by an
average of 0.016 people.

Regression equation constants:
a=y—>ber=136-0016x1378 = —-0.84
a =0 —byy=137.8 —=59.09 x 1.36 = +57. 4
The reeression function of Y on X
yi = —0.81 = 0.016.x;.

and X bv Y

The function of regression of popularion to number of medical stulls:

y; = —0.84 4 0.016.r,.
Caleulation of prognostic estimates (y;). residues (¢;). the sum of squared residuals
(55, ) and the suw of the squares of prognostic estimates (99,):

Actual {y;) and the predictive estimate () held the actual and the theoretical

rearession line (see fig:picture2). Residual of variance:

o S5 0065 _ (o ((sET
7= (1) — 12 0.00567

Regression variance:

ol = e = AL = 0.0000002

The test of the null hvpothesis for estimation of regression cocfficient of number
ol medical stafls (Y for the population (X):

[orron:



< . -
- T 1
. 1
: L. ]
' RN S <
: !
ta i 7 i
. - . -
- 2

Figure 3.7: Initial data and caleulation of suins of squares and products

Fit Plet for med _person

Figure 3.8: regression line between med persou and population

my = V/;ézfztmeouunuz::(10045

Rearession with error:

b4+, = 0.015 £ 0.0015.
Actual t-criterion:

by 0016 _ g =
by = mn 00015 T 3.50.

When = 10% and the mumber of degrees of freedom df = 11— 1 — 1 = 12 table.

Aoxof Appendix A we find 1,0.10:12) = L.73. Since, 4, < ((0.05:12) the null
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Ivpothesis cau be repered. The tme valne of the reeression coefficient with a

confidence probabilite of 9077 is i the range of estimates

(h— 0100 2my) < b < (';;/(..]l]:l 200). 0.0

From (0.016 — 1.730.0567) 10 (0.016'+ 1.780.0567) or

From -0.055 to - 0.117 aned it can rake a zero vadue.

If we take = 3% then, £.0.5:12) = LIS and the mnll hypothesis is not rejected.
hecause #, < #,.05 . Tt {follows that the choice of signilicance level () has a de-
cisive influence on the acceprance or rejection of the mudl lvpothesis. Theretore,
1o exclude subjectivity in the discussion of the results of the experiment. it is
necessaly to set the value i advance. before the resales.,

The analvsis of the seenrity of the population doctors per 10.000 populations

Figure 3.9

in the region showed that from 2003-2016. there was a significant incrcase whicl
is 62.4% . and it speaks abont the quality of service i health care, becanse this
roduces the workload of doctors. The erowth rate in 2011 amounted to = 9.09%
in relation to 2010, Tt should be borne in mind that the number doctors and high
provision of 10 thousands of people are not a guarantee of quality medical assis-
tance and good health ontcomes. The decisive factors here are quality. training
of specialists. effectiveness of financing. share of health care and labor costs the

doctor.
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3.9 Linear multiple regression

Anv sien or phenomenon s determined (determined). as a rules by oo set of si-
multancoush and jointhv acting canses. Therefore. one of the tasks of regression
analvsis is the study of dependence one variable Y from several explanarory or
imdependent variables N1 X200 Ninin acspecilic place and time. This problem
i« solved by mmltiple tmultifactor) regression analvsis. In the presence of lin-
car relations hetween variables. the General expression of the mmltiple regression

cquation 1
y=bhy+ b bore 4 40,0, + c.

where by b .o b, reeression cocthelents.

The linear multiple regression function 1s:
y = ])“ —+ [)1;1'] -+ [)2.1'2 + +{)III'FIII'

yi i 1o n) = the estimated valiues of the regression. They indicate the average
valies of the variable Y at the point 1 at fixed values Atk 0.0 m) - assning
that onlv these m variables are the canse of the variable Y.

Cooflicients b, (k0. ..., m) - regression parameters. The regression constant by

performis the alignment funetion in thie regression equation. It defines the inter-

section point o
Values by haoo b, there are estimates of regression coefficients. The sub-index

[ 1hie regression hvped surface with the ordinate axis.

whon the coefficient corresponds 1o the sub-index of the independent variable.

T, by indicates the average value of the chanee in Y when X5 changes by one

unit (provided that other variables remain unclianeed): 0y shows how many units

on average will change Y il the variable Xy changed hy one (provided that the vari-
ables X (A2) would remain wnchangedy. eres While the regression function covers

(e cumulative simultancons eflect of the independent variables, the regression

coofficient by(k = 1.2, ...m) indicates the corresponding averaged partial effects

. L

of the variable N assuwing that the remaining independent variables remain

constant.
Thus. from the point of view of statiztical methodology, there is no difference he-

fween miltiple and partial reuyession. Therefores in the study of regression. there

i< 1o need fo distingnish hetween partial and multiple regression. Therefore. in




the literature pavamercrs b (b = 1.2 omj are callod as cocfficients of muldtiple
and partial regression. It =honld be noted that aithowsh mnltiple regression cov-
ors the <itultancous action of mindependent variables. the regression coeflicient
b excludes the infiuence of other variables-factors (in <imple lincar regression.
the influence ol other unaccounted factors is partially reflected in the regression

coefficient ).

The task of multiple regression analysis is to evaluate the regression paranieters
hased on the results of sample observations of the variables inclnded in the anal-
veis, If we introduce a dummy variable a; = L for the constant. b for all 1 1.2,

1 then the linear model of mnltiple regression can be represented as

y= by~ by -+ baaa =+ by, + ¢

or in matrix form
y=Xb+c.

To, estimate the unknown parameters of vector boas in the case of simple linear
eoression. the least squares method is nsed. Normal equations that satisfy the
requirenient that the s of the squared deviations of the empirical values from

the calenlated valuesregressions should be minimal. have the {orm
NN =Xy.
N
If the oo matrix is invertible. it can be obtained as solution of the svstem of
normal equations a column vector the unknown parameters of the regression:

b= (\N'XN) - DXy

The matris XV and veetor XY have the following stracture:

-
n ; N Y Y Lim
-y L —~ . . _’ N o
NN = } Tl E :‘II["' § :-7'iw'~1im
o iy . : N _) .
LJ.I';,,, ‘_J; N ISPYYH ig B ./_4-11',,,

S,

VY - >y,




3.10 The relationship of correlation coefficients

and regression

There are two coefficients i regression analysiz reores<ions. The correlation coetf-
ficicut is a common measure the coupled variations of the two characteristies. It's
more artificial than regression. In regressionn. one feature acts as an independent
variable. the other as a dependent and converselyv. These dependencies iave a
specific meaning.

Define the regression ol Y on X as:

[
byr = 22t

T
Jd

We will mulriply both part of equation with 2 :

Y — Curad,
P 7.1‘1/ - 32 .
Ty = Ty oy

After simplifving the rieht side by, we obtain:

Ty ry Ty Oy
Or
a, —
”—u()‘l"l !
J
Then:
a,
byr = It
Respectively
0.
b_{/.l,’ = IE.

Therefore. if the correlation coefficient is known. then standard deviations can be
n=ed to determine the required regression coefficient.
Then. if you multiply the two regression coefficients. get

A

Dy X by =17

Irom this relationship it follows that

b,r ¥ b,y = £V0.016 x 59.00 = £0.95 =

l-),
'.)_2
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rhat Is. mathemarically, the correlation coetlicient is the geometric mean of
the two regression cocflicient s,

[t shiould he noted that for the reeression coctiicient Y to N there are relations:

Thus. the square of the correlation coeflicient is equal to the coefficient of deter-
minatiol.

s the formula for coefficient of correlation and the formulas for the regression
coctlicients ix Central covariance. Tt is. in fact, a true measure of the conjugate
variation of the variables analvzed. Therefore. covariance is a link in correlation

and regression analvsis.,

3.11 Regression analysis sequence
In General, the regression analysis procedure includes the following steps.

1. Fornmlation of the problem. Implies the specification,
Bio technically phenomena and processes: the relationship between them is

subject to evaluation.

2. ldentification of variables. On the basis of professional theoretical consid-
crations and biological sense determine a rcasonable number of variables:

classifv them into dependent and independent.

<o

Data collection. Based on the purpose and objectives. establish the principle
of data seleetion and saple size. If the required amount of data cannot he

provided for any phenomena. the first step should be revisited.




4. Specification of the regression oguarion fparaneterization of the model) At

this stage: - lormulate hvpotheses about the forny of connection (lincar or
nonlinear, simple or multiple) and - checking the background.

For the most part. the type of regression equation in the resecarch process
define step=by-step by eliminating variables that do not significant influnence
on the dependent variable. and the inclusion of analvsis of new factors-causes

with a check ol their sienificance.

Estimation ol regression function. Determine the numerical values of pa-

rawieters of the regression equation,

Evaluation of the accuracy of the regression analvais. Calculate statistical

indicators of accuracy regression analvsis.

Bio technically interpretation of the results. Results compare with hypotlie-

ses. evaluate their likelihood with same points of view,

Predietion of unknown values of the dependent variable. The resulting re-
aression function is used for predictive analysis. If the regression function
is defined and it is biologically warranted. the predictive (theoreticaly eval-
nation has sufficient reliabilitv. In essence. they are average values that are
more likelv to he expected. T‘lw power of multifactorial biological phenom-
cna and the multiplicity of expressions of individual actual (cmpiricalj values
are scattered around the means. Therefore, it is natural that the actual val-
ues of the dependent the variables will not coincide with the calculated ones.
i.c. with the forecast. After this must be considered degree of scattering of
ohservations around the theoretical regression line characterizes reliability
ohtained the regression equation of predictive assessiments. The accuracy of
the forecast is determined not only hy the accuracy estimates of regression
paraineters. but also the extent to which futnre values of independent vari-
ables are reliably estimated at hased on additional information. Source of
such additional information may he professional theoretical considerations
in accordance with zootechnical. tribal. economic and even social policy of
the economy. region of the state. Therefore. the process of building statis-
tical models should be accompanied by adjustiient of parameter estimates

regression and statistical characteristies according to expected changes in




the circmnstances of their formation. The forceasting results on regression

casier to meaninetul interpretation than simple extrapolation twends. be-
causc vou can better take into account the natre of the study phenomena.
Because of this. the regression analvsis is widelv applicd in solving problems

ol Tone-term planning,.

Addition

Prerequisites of regression analysis

Basic asstnptions ol recression analvsis:

1.

~~

6.

~—

. The perturbation (remainder) of ¢; for dependent variable y; 1 is a random

variable. and the explaining variable @ is a non-random variable.

The expectation ¢; is equal to zero:
LE(ci)=0or 1:((/,) = by + 010,

The perturbation variant of ¢; or (y;) is constant for any i (unaccounted

factors have the same effoct): Var(e;) =2 or Var(e;) == .

Perturbations e; and e; (y; and y;) ave not correlated: E(e;.¢;) = 0 when.
/0.

The perturbation ¢; {or y;) is normally distributed random variable.

N
The number of observations must exceed the number of parameters. other-

wise impossible their assessient.

Explanatory variables X should not correlate with the disturbing variable
coie. E(eikoe)) =0when (F=1..... )

Variables apexplain variable v. but does not explain e it is assumed unilat-
cral dependence of g and the lack of relationship.

To obtain the regression equation. the frst ones are sutficient four prerequi-
sites. Requirement of the fifth prerequisites needed to estimate the accuracy
of the equation regression and its parameters.

In next paragraph we will show analysis for quality of healthcare service
nsing linear and multiple linecar regression. Also, will show two cities of
INazakhstan which are Almaty and Nw-Sultan, at the end we will compare

service guality of two city.




4. Software and tools

4.1 Introduction

All professional want to use the top tools for their responsibilities. Veteran profes-
sionals include the knowledge from the experiences of their careers while inexpe-
rienced persons look for guidance. Many study offer preferences fonnded on fame,
cost. accessibility. dara handling. visual representations. advancements. and tech-
nical communiry support and career opportunitics. The preferences are suitahloe:
on the other hand. the articles offen take in favoritism and qualifiors that are
not measurable. In response. the rescarcl of this section will focus on seientifie
and qualifiable attributes to ofler comparison of multiple tools with a focus on
performance. The likely tools for a data scientist are various. The first choice
was derived from community information as well as the tools in the Southern
Methodist University (SMNTU) Mastar of Science in Data Science set of courses.
The communal data included rescarch from famous sites devoted to data science
and data analysis. Burtel Works and KDNuggets. An article hy KDNuggets in-
corporated Pvthon. R. and SAS in the top 4 tools for analvtics and data mining
[1]. Tn 2017, Burteh Works conduct a flash study with above one-thousand data.
expert to get the preferences for Python. R. and SAS 2], As a outcome of the
survey. this section will focus on these tools. To compare these 3 methods we use
o ready data sonrces. without data our toals are do not working. this could he
casily stmmmarized by a quote by Tim O Reillv in his article “\What is Web 2.0°
13]: “Without the data. the tools are useless: without the software. the data is
nnmanageable.” The presentation comparisons will contain data wrangling. visu-
alization. and linear regression tasks with capacity on code difficulty, computing

time. and computing property.




4.2 Literature review

According to the 2017 Data Scientists story by Crowd Flower. above 50% of
time is used up collect, gronp. cleaning and organize data (Fig. 4 shows full
time allocation)*]4]. With the tall proportion of occasion invested in the start
of the procedure. the requirement to select the correct tool is dominant for the

offectivencss of a data scientist. Over four decades ago. formulas were developed

Figure 4.1:  Time portion of data scientists derived from a survey conducted in
Februarv and March 2017 with 179 data scientists worldwide on behalt of varying
colmpanies.

to determine the difficulty of algorithms and languages. The found of this field
i« Maurice H. Halstead attributed with the metrics now known as the Halstead
difficulty measures. Forcetul ilwestigation and testing were done on these capacity
[5]. [6]. [7]. The number of operators (N1) and operands (N2) are recognized the
length of with the unique operators (nl) and operands (n2). Calculations are
then performed on these numbers to give the program terminology (n), program
length (N). volume (V). difficulty (D). effort (E). and time (T).

n=mny+ ns (1)

K = N+ N (2

V = Nlogsn (3)

D=1 32 (4

la

E =DV (5)
T =% (6)

In this backeronnd. an operator has the skill to control and verify on the value of
an operand; although an operand is either a numeric, text and/or Boolean values

capable to be manipulate. There is not a strict gathering as to what delines an
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operator and an operand consequently a sinele code seripr could rerurn unlike

counts of these attributes depending on the ariterion nsed to select them [§],
The Cyelomatic dillicihiv model. also known as MeCabe's complexity, was also
developed in the 19705 (9]0 The evelomatic coluplexite tocises an the number of

edges (e vertices Tnee) and conmected components ().
(G =c—nc+ 217

Since the heginning of rhe models. eriticisim has been expressed on both models,
One disquict is that difficulty of code may stand for more than the complexity
of the language. The complexity may stand for the difficulty of the tasks heing
perform by the code or less direct coding practice IJ.()!. One more concern is the
straight correlation between the difficulty and the lines ol code [11]. T spite of the
concerns, the complexire measurements by hoth Halstead and MceCabe conrinue

to he used.

4.3 QOverview

4.3.1 Python

Python is an open resource eeneral aim tool with applications for web. Internet.
and software development: edncatian and academia: mmeric and scientific, to
point ont a few. Python—created by Guido Van Rossum as the successor of the
ABC language and officially released in 1991—relies on the contribution of its
wide community of users and developers sell-identified as PUGs (Python User
Groups)d for its incessant development and merease. There is a seientifie conimu-
nity of “well-established and growing group ol scientists. engineers. and researchers
nsing. extending. and promoting Python s nse for scientific research™ [12]. Python
capabilities are extended throngh its healthy collection of packages. As of today,
Py PI. also known as the “Cheese Shop. —the oflicial package warchouse—has more
rhan 100.000 junk mail stored 6 . Approximately explained. a package is a col-
lection of modules that in turn contain delinitions and statements to carry ont
functions or determine classes. In the ficld of data analvsis some of the com-
mon packages [15] are: Pandas—ideal for data manipulation—: Statsmodels—for
model and (est—: scikit-learn —for categorization and machine learning tasks—;

NPy (Nmmerical Python)—for mathematical operations—and SciPy (Scientific
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Pyrhon —for ordine:y seientific tasks. A modern review [ fonnd rhar Python's
NumPv, and SciPyv packioes were among the most favored ones for statistical
analveis, while =cikit-loarn stood as o data mining favorite. Python also provide

an oxrensive list of luteerated Developmenr Environments (IDI). According ro

DataCainp [15] anong of the top ones for data science: Spyder. accross-platform

IDLE distribured thronelr Anaconda fa “freemimum”™ open source distribution for
large-scale data - PyCharne integrates bravies such as NumPy and Matplotlib
and provides support for JavaSeript. INIAIL €SS, Node.js. making it a 2ood in-
rorface for webh development: and Jupyrer Notehook, hefore known as [IPvrhon,
“offore an end-user enviromuent for interactive work. a component to embed in
othier svstems 1o provide an iuteractive control interface. and an abstraction of

these ideas over the network for interactive distributed aud parallel computing,

116]."

The improvement of R was motivated by S with some programming influences
from Scheme [17]. Two professors introduced the language ro-assist students
with a more intuitive language. specifically lexical scoping whicl eliminates the
Hecessity for elobal defining of variables [15]. Although the history R can find a

fomucation in FORTRAN. R is its gwn language. R is an interpreted language

with code directly executed rather than compiled. Using a compiler. prograimmers

can write interfaces for € C-oo and FORTRAN for cfficieney. R is part of
1lie GNU Project. which focused on free software allowing users the ability to
m. redistribute, and improve the prograi 119].  Adthough initially criticized.
R upgraded quickly with collaboration from around the globe. Since R is open
cource. the target audicnee I8 any nser interested in statistical computing. R
can he installed nsing Tuix, Windows. or Mac. R is available for download via
the Comprehensive R Archive Network (CRAN L The master site is in Austria:
Lowever. marrored sites throneliout the world distribute the load on the network.,
T addition to the softwarc. the CRAN hosts provide supporting documentation
Al Tibravies with add-on packages. The open-source add-on packages. which
are gronps of funectons developed T other users. are available on CRANC As on
Ty 27, 2017, the CRAN hosted more the 10,000 packages which does not
include packages from other vendors [201 Although no warrantics are given by
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R for any packaves on CRAN. all the packaze contributions are veviewed by the
CRAN teant. Soie packases in the libraries tay restrict commercial nse although
the same packages may be openly available for edneation and research. RStudio
iz an IDE n=ing packages tknirr and rmarkdown) to develop composed dociments
with the code and ourput from the R language. T addition. RStudio is an editor
for LaTeN which is a markup language ro produce high quality documents. A
2011 poll rated RStudio as the most used IDE with only the basic R console more

frequently used [21].

4.3.3 SAS

SAS is a proprictary comprehiensive statistical and data management tool devel-
oped by the SAS Instinute: nsed internationallv by government, private industry.
and academia. “91 of the top 100 companies on the 2016 Fortune Global 500®)

e SAS customers. T SAS is the largest privatelv-owned software company in the

worll, s Onee an acrouvi for Statistical Analysis System: SAS has grown into

much more than that and is no longer considered an acronvin, It was originally
created i 1966 for agricultural research work and later developed nto a full-
Hedged svstem with the inception of SAS Institute. A study released in 2016 by
\JONEY and PayScale.cou listed “Making Sense of Big Data”™ as the most valu-

Able career skill nows with SAS as the top il [22]. Crurrent wses includo Intsinoss
\

intelligence. and analysis of data in almost every husiness sector. SAS has various

COMPONENTS and 1)1'()('111('rs tLat can he licensed alons with Base SAS which is the

core procedures and data management ool SAS i astatic typed Tanguage that

wees the proprietary GAS dataset as the main table style data structure with only

2 data types numeric and character. SAS does not have the large user-written

package library cotmmon to R and Pvthon. There is however a huge user base
that write and share coce: it ix just not inchided and centralized in the same way-
SAS has its macto Janguage which Alows users to write code that can take various
paranieters and encapsulate code similar fo fuctions in other langnages. A user
wonld then reference the code an
and does not et installed. Tt is SAS macro langnage

1 call the macro. Unlike Python and R. this

o ix not compiled

macro cod
4 user can read and modify as needed. A good sonree

aned Base SAD corde that
for this tvpe of code s GitHub., 9The SAS Global Forum, an annual conference
for users by users. s oaereal cource of SAS knowledge and code sharing. SAS

10)




provides an extensive "Knewledge Base™ on the snpport <cetion of their websitel()
and Las well-supported viser support eroups inclndine the SAS-L list-seive hostod
by the Universiny of Gearoiae 11 The main IDE for SAS is referred 10 as Foun-
dation SAS or generallv knovn as PC SAS. SAS Enterprizse Guide was released
several vears azor mainly knownsas-a move point-and-click method of codine in
SAS. More recentlys 5AS developed the SAS Stadio whicly is a platforny agnostic
alternative that is hased in Java and runs in a web hrowser from a licensed SAS
install. SAS alzo recently intreduced Jupyter inteeration where SAS can he run

from Jupyvter with a licensed insrall on the machine running Jupyrer.

4.3.4 FEthics

The ethics adjoining this investigation are focused on the appearance of the facts
and data of the touls without personal bias or influence. To climinate potential
Dias in writing and results, all experiments and rescarch was performed with a
focus on the quantitative or gualitative data. An additional ethical perspective
i< added when reviewing the code ol conduct from the ACN (Association for
Cowputing Machinery) [23]. The code of conduct defined the coutriburion to
society and human well-being as well s creating opportunities for members to
learn the principles and limitations of computer svstems. The research to assist
loss experienced individuals entering the field is an effort ro assist with enidance
Iy providing all of the resourees applied on this paper as an educational tool. The

source of any external code wsed in this paper was appropriately credited in the

corresponding tool.

4.3.5 Quantifiable Experiments

The studied projects were identificd to applyv multiple traditional applications.
The practices were performed on T machine. Fach test run of the three (3)
programming languages .

The projects we tried to test are represents aomore usual data analysis task
performing varions analytical fasks. All data was obtained from the legal site of
The Ministry of Jealth and Social Development of the Republic of Kazakhstan

13, A single file (ocusing on data about population. provision of medical stuff,

provision of wedical beds and Lospitals. {or the vears between 2003 and 2016

I
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Figure 1.3: Software specifications for both test machines..

was uced. The original file contained 224 ohservations and 10 variables for whole
citios of Nazakhstan., In owr study we used two mega cities which are Almaty and
Nursultan., The data was preprocessed aud cleaned before usage. Variables with
Joss than half of the observations recorded were dropped. and unknown values were
converted to actual missing values. The purpose of the task was the examining
data analysis and multiple linear regression for healtheare service quality. At first.
4 model considering more than 5 regressors was defined to know the connection
amonz variables and the most quantity ol healtheare service quality involved in

denograpliv of population.
Y =g Ry g At ()

[11 this section, the point of the model. though. was to evaluate its performance
against other tools. The first code waswrote by Python and then replicated into R
and SAS. The process started with the loading of the data. Firstlv, data converted
to csv file to upload. Table araphs was cenerated to imagine the information. A
correlation table was developed, and a heatinap was constrnceted for imagination
of the correlation analyvsis. To hegin the linear regression. model variables were
wrote for the factor variables. A limear regression was performed on 6 variables.
The independent and dependent variables were chose hased ou ordinary least
s(iares. For consistency every trial used the same six (6) variables selected {rom
the SAS analvsis. The final model with six (61 variables was trained using 80%
of the data and tested with the remaining 20% of the data. The mean absolute
CITOT. Mean squared error. root aneat sepiared error. and variance were calculated

toy provide the analvsis ot the model




4.3.6 Code Complexity

The e defined by the Halstead Metries was used to the programming for all
three tool=. The guiding principles were first defined for analvsis C.oso adaptations
needed ro be made, While programs exist for compute the werries. the accessible
applications do not w=ed every time to all three programs. To make sure stabilite
in the coumting of operands and operaiors. the caleulation was done by two or
more persons with compromise on all tasks. The code was reviewed line by line
with each appearance heing identified alone. The total operators and operands
were consolidated to provide a sunm. The single operators and operands woere:
then recognized. All calendations for other difliculty capacity were hased on the

operand and operator counte,

4.3.7 Qualifiable Rescarch

There are definite considerations to be taken into explanation when choosing the
correct application for exeeuring data analysis tasks: A programming language
for data analvsis should be simply writeable and readable by people not by tech-
niques only, able to handle a range of data types whether those are random in
nature. have nnusual options to run nissing values correctly, and give at least
hasic mathematical and statixtical functions such as the skill to produce arbi-
frary figures and probabilistic distibutions. as well as high-level visnalizations
[24]. To assess the chosen tools. a matrix with these attributes was developed.
All variables were incorporated except for the characteristic case. Simplicity was
oxeluding for the reason that coding is a creative activity that mav contrast in
leneth and style. Alsoo previous progranunine experience would influence the

awareness of simplicity

4.3.8 Results

The experiments and investigate provided hoth experimental and ¢ualifiable study
ax defined previonslv. ey aspeets of the experiments and study were recognized
1o offer comparisons of the act. Ordinary dimensions in the experiments were
munber of lines in the code. The connt eliminated all connnents and white space

and onlv alert on the needed code to performy the activities recognized.  The



<clection of lnes and words was to daonstrare Low the tools compare when

looking at the quantity of code that is required to pertorm a task. - Program
rnning time measured at a variety of points and ceneral was measured in “wall
clock” time. the time it rakes the process to finish on the given Lhardware. Machine
plassex alfeet the perlormance i different wavs relating on the tool. Using: our
machine allowed 1= 1o give a more balanced performance score of average machine.
Wo mceasured running also on a Mac. however SAS i= not accessible in local form
or local install for the Mac, In general Mac users use Citrix or other similar
virtual machine to run SAS: in which case the code is actually handing outr on a
remote engine and this would not be a high-quality comparizon across tools. A lot -
of results were obtained from the experiments. The outline helow highlights kev
outcome for the tools. The one test that we perform was to run the Healtheare
svstew service data on the full Kazakhstan file with 2.5 million records. \When
we attempt this. SAS was the onlyv one to complete the job. Python and R
bhoth threw errors once the data tired the RAN on the machine. This happened
o other test machines also. This is by reason of the wav data is stored while
processing. Python and R both use RAN to store the data in a work space while
processing. SAS. in comparison, uses the Hard Drive (IID) for work space data
storage. This usually ontcome in slower processing but the skill to handle more

data on a ustual machine.

4.3.9 Qualitative

The table helow sununarizes some of Huber's necessities of a statistical and data
analvsis tool. The first six share to nniversal aspects of the programning lan-
guages. while the last three match specifically to data analysis.  According to
Huber. a tool keen to datac and statistical analvsis should he extensible. R and
Pyvthon take plus of the libraryv of packages they sport to extend their capability
outside their hase language. Having users causative in the creation ol packages
is what kceps these tools i constant growtl. On the other hand. caveats take in
rapid criticism of packages. and lack of quality control in the development and use
processes of the package creation. SAS has these extensions built-in in the base
code avoiding the need to install and run an external application. Data handling
capabilitios in the casge of this experiment. are measured by the type of computa-

tional devices emploved to perform this test. so in this background Pyvthon and
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R's capabiliries are resrricted by the quantine of RAM SAS is not forced by this

feature as it runs directlv on the hard drive. The three proerams provide hoth
on-line aid to the nser at anv time an error oceurs. representing the sort ol error
and the correct location of the error in the code. Some packages in Python due
to their desien even provide alternatives to recover [rom an ervor. In this trial.
during the data reading of the healtheare serviee files inexv in Python. an alert
dne to the overpassing of the defaudt memory houndary was issued heside with
a wav to fix the error by changing the low  memory oprion from True to False.
Pvthon. R and SAS can handle quantities, characters. logical. compound. and
random data tvpes. All of them can be operated from either the command line
or throughout one of their multiple IDLs. All three tools offer differ options to
handle missing values. Pyvthon's package fancvimpute includes methods such as
SimpleFill. MICE (Multivariate Imputation by Chained Equations) and Softlm-
pute: R offers the MICE. Amelia, Hmisc. mi libraries, while SAS deals with this
through the proes M and MTIANALYZE. All three prograims have methods that
allow for the alteration or substitute of missing values by a experiment statistic
or exact value as well as the reducing of rows or columns that enclose unidentified
values in them. The three programming langnages can caleulate linear algebra
functions. produce random information. do probabilistic distributions. and have

Lieh-level customizable image packaees in the case of Python and R. while SAS
B o .

Jias this feature integrated, S
Ettribute Python R
T T e 131618 10.0nn
Qe B!
e Vi v
\ ‘ AR
' Rt Uk Dt [GRE IR
¥ Mo Vig
o v Vg
Vg Yes
Yes Yes Yes

Fieure 4.4: Qualitative attributes




5. Preparation of data

5.1 Analysis for Almaty

Indicators of quality managenment in health care have a divect relationship with the
completeness and cowmplexity of the svstew. In this regard. this thesis analyzes
the main indicators that alfect the quality of services. which are the fignres of
population. medical person. medical beds and. hospitals.

Reaional Health:
1. Provision of the population with hospital beds (per 10.000 people):

2. Provision ol the population with doctors (per 10,000 1)00p1é of the popula-

tion:

Provision of population with hospitals (per 10,000 people of the popnlation):

[

1. Number of musing staff per 1000 people.

General information about dataset: overall two regions own 1 observations and
5 variables. Observations are the vears between 2003 and 2016 for cach city. Vari-
ablos are the indicators of quality services. namelv: vears. population. med _person.

modical _bed and Liospitals. fsee )

5.1.1 Analysis of Correlation for indictors of quality ser-
vices in Almaty

The first fwo tables tell ns what variables were analyzed and their descriptive

statistics for Almaty.
The third table contains the Pearson correlation cocfficients and test results.
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Pearson Correlation Coefficients — These munbers measure the strength and

direction ol the linear relationship hetween the two variables. The correlation co-

cfficient can range from -1 to - 1. with -1 indicating a perfect negative correlation.

1 indicating a perfeet positive correlation. and 0 indicating no correlation at all.

A variable correlated with itsell will always have a correlation coefticient of 1.)

You can think of the correlation coefficient as telling vou the extent to which vou

can auess the value of one variable given a value ol the other variable. From the

scatter plot of the variables read and write helow, we can see that the points tend

along a line going from the hottom left to the upper right, which is the same as

saving that the correlation is positive. The 0.97965 is the numetrical deseription

of how tightlv aromnd the imaginary line the points layv. If the correlation was




macicni_tezd Drnnal

tespitad

higher. the points would tend to be closer to the line: if it was smaller. they would
tend 1o bhe further awav from the line.

Also we the strength can he assessed by these general guidelines:
o .1 < |rl < .3small weak correlation

o .3 < ) < .5 mediuin - moderate correlation

o .3 < iri < large  strong correlation

For example the variables nied _person and population has a strong positive cor-
relation with vear variable. Also. medical _Deds with med  person eave the large
correlation. also between coefficients of medical _Dheds and hospital negative cor-

relation. N

5.1.2  Regression analysis for Almaty

This paragraph made analysis of medical stuff per people.  According to the
obtained estimations at the Table2 the linear equation y = 1602 — 7782 show the
average inercase is (-0.016) doctors, which indicates a trend reduction in medical
stull capacity. The coeflicient of determination is equal to 0.92 which is closer
to 1o it means the model can work correctly, For example. if we predict that
next vear the demography of city will increase by 1900 willion people then the
mmber of needed medical person equal to 21820, The coefficient of variation is
5450 (< 33%) confirming the homogeneity of the model. It is observed that
the lowest staff cusnred vears were hetween 2003 and 2005, Analysis of changes
in the indicator allows highlight the peak of significant growth in medical stufl in

2016 which is bigeer than for 179 comparing v 2016 vear.

AR



Figure 5.2:  The estimation of regression analysis between medical person and
population for 10000 people

Iu the analysis of the comparison. between 2003 and 2016 in healtheare arca
filledd with 23 hospitals during. it means in every vear given 2 hospitals to use,
The peak number was in 2013 which is 94 hospitals. also in 2003 the figure of
hospital where only 53. which is the lowest among studied vears. Such a decrease
and incerease among number of healtheare houses related with polities and. can
characterize high quality prophylactic activities of medical institutions. As part

of a statistical analvsis of the dyvnamics of indicators and building a linear model

revealed the following trends.  As =hown at the table3 a linear model of the

tvpe v— L16x- 1126 approximates that to cach opened medical houses needed 116
medical people in average. and if there are no any_opened hospital. then there
are free 4126 medical person wwho might be work in different private hospitals and
diagnostic centers. I next 2017 year there is given to use 2 hospitals. we need
approxintately 15950 medical person. In the next paragraph considered analyze
hotween hospital and population.

The studied vears the nuniber of population only increased. From 2015 to

16 there was big incenscment in demography, the number of population filled

divectlv with 160 thousand people. Within statistical analvsis ol the dynamics of

indicators and build the linear model revealed the following trends. A linear view

model y = 0.0000672 — 26.2 approximates if the number of people in Almaty

region incerease by 1.8 million people then. there required 94 hospitals, Also by
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Figure 5.3: The estimation of regression analysis between doctors and hospital

regression model if we estimate 0.000067. = 1 thew to every 11925 people required
1 hospital facilities. Tn the next paragraph we will consider the multiple regression
herween munber of hospital, number of medical bed and population.

If we look the regression model y = =215 + 0.2502) + 0.017.03 — 11039
{1y ix hospital and o is medical hed and g ix population) predicted that the
region has a lack of a hospitals. however medical bed is sufficient for 24, 1f next
voar these three variables will inerease for 10%. it vequires medical doctors should
aleo mercase by 10, Lers caleulate: y = —21.0 %87 + 0.25 % 12628 + 0.017 =
1884342 — 11030 = 22285, Tt is satisfied with increased medical stull munbers.
So there is no anyv luck with healtheare services. Coeflicient variations equal to
557 since this indicator is not more than 33%. it means that the aggregate is

quantitatively omogeneons.

5.2 Correlation analysis for indicators of quality

services of Nur-Sultan

The Table 6 described the general used datasets for Astana city and it has 14
Ohservation time series from 2003 to 2016, also has the indicator caribles as
vear. popilation. medical person. medical hed and hospital.

The first {wo tables tell us what variables were analvzed and their deseriptive
statisties for Nur-Sultan.

H0




Figure 5.1:  The estimation of rearession analvsis berween medical stutt and

lospital

The third table contains the Pearson correlation coefficients and test results.
This table presents us the relationship between studied observations, We must
Jieck 1he correlation for coellicient of population to coellicients of med _person.

medical  bed, and Lospital. Third table present us that:

o DPopulation and med _person (0.92) has strong positive relationship

o Population for medical _hed <are also strong positive ration which is equal

1o 0.89 and 0.

o Population with hospital has a moderate velation (0.58).

5.2.1 Regression Analysis for Nur-Sultan

This paragraph made analvsis of wedical stuff per population. According to the
obtained estimations at the TableT the linear equation y = 0.00892 — 413 show the
average inerease of doctors for 0.89% . The coctlicient of determination is equal to
0.5 which is closer to 1ot means the model can work correctly. For example, if

we predict that next vear the demography of city will increase by 900.000 people

then the number of roguired medical person is approximately 7597 The coefficient
O variation is 12.9%. (= 33%) confivming the homogeneity of the model. T is

ohserved that the lowoest statt ensured vears were 2003 and the highest is 2016.
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The estimmation of multiple regression analysis for independent variable

Figure 5.0
medical person.

Fieure 5.0: The indicators of =ervice quality in Nur-Sultan region

Analvsis of changes inthe indicator allows highlicht the peak of significant growth

- . . A g . ‘ . . .
i edical stutf in 2010 which is bigger than for 61% comparing by 2003 vear.
!;(\(\ )

I the analvsis of the comparison. hetween 2003 and 2016 in healtheare arca

filled with 12 hospitals. The peak mumber was in 2016 which is 31 hospitals. also
in 2003 the figure of hospital \\'])(’\1:(\ onlv 19, which is the lowest among studied
vears. Such a decrease andd increase amone munber of healtheare houses related
:\*ith politics and. can cliaracterize high quality prophvlactic activities of medical
institntions. As part of n statistical analyvsis of the dynamies of indicators and
Duildine » lincar model revealed the following trends. As shown at the table®
A lincar model of the tvpe y = 3148 — 2675 approximates that to cach opened
medical houses peeded 311 medical people i average. and if there are no any
opened hospital. then there are Tuck of medical person. Il nest vear ministry
gives hospitals fo 115¢. We need approximately 7687 medical person. In the next
])?\ll."’"?\l.;ll)]l considered analyze hetween hospital and population. The time series
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The CORR Precedure

5 Variabios:  yex oonuleticn vad person vefoa pennosnia

Simple Statistics

Variabie N fiean  Stid Dew Sum  flinimum Maximum
year 23133 2018
nopulation 3052088 4723535
med_person 74 5258 354 73048 7780
madical_bed "= 5242 t204 Tazan 2328 3777
hospital “L 2457143 S Z37AG 244000370 tEQI000 3100000

Pzarson Correiation Ceefficients, N =14
Srob > |rl under HO: Rho=0 .

year population mml person medical_bed hospital

yaar 1.00C30 DESREK s ,'")-1 095648 Q0 GOVE2

< {00t GO0t < 005" 0.0212

population 100020 22080 0.80133 G 88343

<. 2001 « 0057 0.0273

med_person 04 0.22630 1.02003 003838 CEvi09

anne < 0031 <0007 0.0280

medicel_bed  (.0I04R 089158 G 83556 100000 082303

<0004 < 5001 < 0001 0.0389

hiospital GB0732 0.5354R 0.53109 058503 1.00000
0212 00278 00267 00080

analysis outlined that the staffs’ rate only increased and no fluctuation among
studied years. In 2007 and 2008 the numbers of medics hold constant 4675. In
2016 the figure of medics reached the peak and showed 7780 doctors, comparing

by 2003 it shared 17 9% of changing.

The studied years the number of population only increased among 2003 and
9016 there was 77% change. From 2003 to 2004 there was hig incensement in
demography. the number of population filled divectly with 300 thousand peo-
ple. Within statistical analysis of the dvnamics of indicators and build the linear
model revealed the following trends. A linear view model y = 0.000019z + 12.5

approximates if the munber of people in Nursultan region increase by 900 thou-

sand people next vear then, there required 30 hospitals. It means there is no luck

of hiospital. Also by regression model if we estimate 0.0000192 = 1 then to every

32632 people required 1 hospital facilities. In the next paragraph we will consider |
the multiple regression between number of hospital. number of medical hed and
population.

If we look the regression umdel y = —5.Tr; + 0.7622) + 0.004x3 — 1450 (21

i« hospital and a2 15 medical hed and a3 is population) predicted that the region



Pearseon Cotielation Coetficionig, N = 14
Brob > {1l under HO: Rho=g

year  population  med_pegrson  medical_bsd  hospital

G oags

o3
year

population

med_person

medical _bed 0.03556 068575
< 0 G 0oes

hospital 0.5910¢ 088503 100200
¢.02sC 200ES

Figure 5.7: The estimation of regression analysis between medical person and
population for Nur-Sultan

N L
has a lack of a Lospitals, however medical bed is sufficient for 75%. If next year

these three variables will increase for 10%., it requires medical doctors should also
increase by 10%. Let's calculate: y = —3.7 4 34 +0.76 = 7455 + 0.004 * 959921 —
1450 = 6192. It is not satisfied with increased medical stuff numbers must be
’35%. So there is luck of medical stuffs in Nur-Sultan. Coefﬁ(:ive'nt variations equal
to 10.86% ., since this indicator is not more than 33%. it means that the aggregate

is quantitatively homogeneous.
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Figure 5.8: The estimation of regression analvsis between doctors and hospital
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Figure 5.10:  The estimation of multiple regression analysis for independent
variable medical person.
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7 Conclusion

In this study considered analysis for healtheare service quality. Study considered
quantity of hospital facilities for every 10000 population. As well as considered
the average munber of medical staff per hospital. Also studied medical staff por
population. Tle results of study can be used in the shade of the number of medical
institutions and the training of the necessary nwmber of medical personnel in the
healthcare svstem. For these used regression method and as software used SAS.
Python and R programming languages. These methods study were used on the

examnple of two cities of Kazakhstan Almaty and Nursultan.
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A. Appendix

Student’s t Distribution Table
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