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Abstract 

In this study considered analysis for healthcare service quality. Study consid- 

ered quantity of hospital facilities for every 10000 population. As well as consid- 

ered the average nlunber of medical staff per hospital.The results of study can . 

be used in the shade of the number of medical institutions and the training of 

the necessary number of medical personnel in the healthcare svstem. For these 

used regression method and as software used SAS. Python and R programing 

languages. These methods study were used on the example of two cities of Kaza- 

khstan Almaty and Nursultan.



AnatTia 

By 3eprrevite MeUWIMEHAIDIK KbIBMCTTep-UIL CAMACKE TasLanactbl. 3eprreye ap- 

dip 10 000 atamra aypyNanadap canbl KapactTptpphtaibl. Cortaii-ak Gip avpvxa- 

Hara MCLUUUINATBIK HCpCOHALIbI, OpTaula Caltbilll eckepiiesi. Cottali-ak Xavipl- 

KTBIM “KA OAChINA WaAKKAHAAPb] MCUIIIHA Kbr3MeTKep.lepilin, Callbl 3epT Teresi. 

BepTrTey HOTHAKC.1epi MCLIMINacIbIK, MEKOMev1ep lH CQHbE MCH HeHCaVAbIK Caray 

AY Tec Aer] MCAUUNHAIbIK KBI3MCTKep.1ep Ail, KAZKeTTI CallbtH Jlafibiuiay icrepine 

MafitadaHblIVbl MyMiIH. byt MakcaTTap ymin perpecciia oici KocL:laHbliacbl, al 

OarlaplaMadblK KAMTAMacKI3 ery peringe SAS. Rython ane R Garzapstama- 

Jay ThIiAepl KOA biLadbl. Seprrevain, ocpl aicrepi Ka3saKcraHubll eKi Kacqachl- 

AAMATbI AKOHeE Hypeytran MbICASIDIH- Ta KO.TaHbI.TbI. 
b
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AHHOTALINA 

Bo AANHOM HCCICLOBANTL PACCMOTPeH AHATITZ KAUCCTBA MCZUUUIHCKUN veayr. B 

HCC TCLOBAHHH VONTDIBATOCh KOSULYeCTBO GOTDITNTYHBIN. VUPCAKALCHITT Ha Kavkc1ble 

LUU00 Hacestentia. A rakyKe VUNTbIBACTCH CpeCHAS UNCICHHOCTD MCAIMILMHCKOrO 

NepCOHa.a Wa OV OOTDHULY. Peswiprarbl 1ICC1C1OBAHIA MOPVT 6ObITb LCTIO“130- 

3AMbI. UFOOb! 3AHOAHIT KOSIYECTBO MC,;UULMIUCKUN VUpeak, HUT H HOLLWOTOBKI 

HCOONO-UMOFO KOAIMeCTBA MeCAUIIHCKOLFO TICpCconala B CHCTCMC 3/1pPaBOONpaHe- 

Hus. List TUX Wecleli 1CHo.Ib'sVeTCH perpeccHOHHbIii Meru, a B KayecTBe Tpo- 

PpaMMHOro O6CCHEUEHIIA HCMOAb3VIOTCHL S3bIKI tporpamautposanust SAS, Python 

HR. Tannpie Merosb neesie opal ObLME HCMO-Ib3OBAHbI Ha TIpuMepe BVN ro- 

postop Ka3axcrana Aauarpt un Hypewrran. 
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L. Introduction 

Healthiness is the ercatest gift in human life. The human being is the basic unit 

of demography: according to this the healthcare organizatious are the main in- 

vestors in hmnan life as demography developers. Demographic. social and health 

saving factors for the development of urban and rural areas. their life support- 

ing svstems depend ou the organization of activitics and optimal equipment. of 

medical institutions. According to the data provided by worldwide healthcare 

organizations we will give following facts about life expectancy: men’s index is 

equal to X80, 2 years and woman own &5 vears lifetime. Also in Japan average 

lifespan about 90 vears. But in our country this index is significantly lower which 

ix only 65 vears [1]. Nowadays measuring healthcare quality is the most impor- 

tant issue in medicine. Growing number of people. increasing the cost of inedical 

service and growing request for healthcare system are motivate people to know 

the used medical services are qualitatively, Expanding the use of medical services 

will complicate the work of health organizations. increase their vulnerability and 

require quality control of inedical services. In addition. modern society requires 

even more transparency. which requires the health sector -as well as other public 

sectors - 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 assessinent. State agencies use information on the 

quality: of medical care and supervision of medical care. and insurance companies 

usc it to select hospitals and paticuts who want to conclude contracts for the 

treatment of hospitals for use. Since care quality information is used for different 

purposes. it is inportant that quality indicators are reliable and valid and that 

care quality is accurate. Ilowever. despite the rapidly evolving scientific literature 

on this subject. currently there is no consensus on how to measure the quality of 

Care.



1.1 Mlotivation 

Que of the main directions of the country’s national policy is the health of the 

nation. which has uudergene multiple transformations and is planned to be fur- 

ther developed. Today. huge amounts of funding are bemg made to improve the 

healthcare scetor. including the private sector. introducing new financing and 

Inanagement techniques. and a new [LR poliev is being developed to upgrade 

aud attract doctors. all of which is developing harmoniously in the long run. If 

we look at history, together with gaining independence. Wazaklstan inherited a 

vast system of health care from the former Soviet Union. Manv health clinics 

and hospitals have also material aud Inunan resources valuable. and have also 

used old-fashioned techniques. Despite this in the beginning of independence our 

country were very poor and meet a lot of financial problems which were affects 

on healthcare system. by cause of this situation during 1991 and 1996 vears child 

and adult morality 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 Wazakbstan "Kazakhstan-2030". The purpose of the program 

was to improve the health of the people of Nazakhstan. It was a 1998-2008 aca- 

demic vears. [2] It consisted of three basic stages and was based ou the following 

principles: 

\ 

1. maintaining the level of access to health care services for the population. 

enhancement of economic. legal and organizational activities and adaptation 

of the health care svstem to market conditions: 

2. Creation of economic and legal prerequisites for the formation of the do- 

Inestic market of medical services: 

Ce
 Ensuring the effectiveness of medical institutions. 

During 26 vears of indepeudence our country achieves a lot of successes In healt h- 

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

1. lack of professionals in villages: 

i)
 poor training of health professionals: 

3. low salarics and low social security of health care workers: 

.) 



4. technically poor supply of medical daistitutious da the regious: 

5. corruption in public adiministration: 

G. lusuificient responsibility of doctors for the medieal errors they lave made 

the difficulty of bringing them to justice and prosecution. |4| 

In Nazakhestan. there are a lot of programs and lows are presented to inprove 

healtheare service quality during independence vears. but there are a luck of 

analysis that shown the results. These tasks ave still reflecting today and require a 

comprehensive solution to the problem. Uherefore our study converges to analvze 

lack of healtheare indicators. Also. in this study we will take two main mega cities 

(Almaty. Nursultan) of country to assess the quality indicators of healthcare. Tn 

addition. to study relationship between studied observations or regions we will use 

linear regression analysis. time series analvsis and SAS programming, language. 

correlation analysis which are very useful for predicting. 

1.2 Aims and Objectives 

In this study our aim is to briefly study the lincar regression model. which can 

vive us ability to make deep analyzing (o medical care service system: use 3 tools 

to give the best regression model results and show one of them: to prepare data 

to work, and show the last linear 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 gives insight into the work done.In the first chapter we will make 

literature review. In Chapter two we review regression model and formulate the 

problem to solve our analysis. Chapter three is describing the tools that we can 

use in ow analvsis to the problen.dn chapter fore we will give results of examined 

two city. Aud in chapter five we conclude our conclusion. 
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2. Literature review 

Tn this proposal we focus on the dimension of quality of hospital care for external 

aims. Specially. we will learn the connection among variables of “quality indica- 

tors’. In this chapter several concepts conuccted to this subject will be introduced 

and as a result the exact study questions and content of the rest of the thesis will 

he obtained. A variety of definitions of quality of healtheare have been formulate 

over the vears. The terminology ‘quality of medical service’ does not own exactly 

definition. The quality of medical care - a set of characteristics confirming the 

couforinity of the indicated health care to the patient's needs expectations. the 

current level of medical science and technology (Lindenbraten A. L.. Grigereva 

T.N.. 2007). Also. one usually used definition is from the Organization for Lco- 

honuc Cooperation and Development (OECD): excellence of healthcare can be 

calculated on at least three kev size: efficiency, individual centeredness and se- 

curity. [6] Efficiency reflect the quantity to which procedure outcome error-freely 

in preferred results.[7] Individual centeredness or receptiveness means the level to 

which a system fictions 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 clinician-patient relationship.|9.10] 

The level to which health care processes avoid. and improve unfavorable outcomes, 
possibly resulting from the healthcare 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 inany 

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- 

ment of the Republic of Kazakhstan dated March 27, 2015 Xe 173. In these Rules 

the following main concepts are used: 

I. Quality indicators of medical services - the criteria. including the effective- 

I



ness. Completeness and qualitw of medical services. which are reflected: in 

the healthcare standards: 

2. Structural Indicators - criteria for providing with himan. financial and tech- 

nical resources: 

Process indicators - criteria for evaluating the implementation of preveutive. Qe
 

diagnostic. therapeutic and rehabilitation technologics: 

Indicators of the results of medical services - criterion of assessment of health 

impact caused by healthcare organizations or physical persous rendering medi- 

cal aid: In the mid-L800s Florence Nightingale consider quality of care by assess 

death and sickness rates in British armed forces hospitals during the Crimean War. 

In Austria. lenaz Semmelweis calculate and compare death charge connected to 

puerperal fever with parenthood hospital in Vienna (1S41-1846).[12] in the start 

of the 20th century. the American physician Ernest Codian introduce a union 

ty prison paticut outcomes following surgical actions in US hospitals.{13]These 

quality assessments were all initiated by health care professionals. ‘The interest 

in quality aud 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 System by the Institute of Medicine in Aanerica. Since then the significance 

vive to patient safety and quality wf care has increased. And specially the de- 

mand for quality assurance and transparency fro external stakeholder. such as 

Immanity and govermuent. has become stronger.[ 1.1 1-16] Nowadays. information 

on quality of care is used for internal and external purposes. Internal aim include. 

for example. the initiation aud 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 nay guide to quality development through assortincut of the ‘best’ providers 

ly patients or clents.{17.18] The obtainable scientists. who focused on the or- 

ganization analysis among ctfectivencss and quality of healthcare service. mostly 

used linear regression analysis, Laine et al. [22] studied the organization among 

productive effectiveness and proven quality of institutional enduring care for the 

weed by applying stochastic creation limit approach. Their outcome revealed that 

there was uo system Connection among creative effectiveness and quality, but lower 

quality might lave an force on the productivity efficiency from a long-term point 

12



of view. Laine er al. [23] calculated the scientife ctectiveuess of institutional 

lung-term care for the aged by DEA svstem. Meantime. they discussed the con- 

nection among quality and technological effectiveness by Mann-Whitney test and 

correlation coctieicnts iivestigation. This investigation fond a important corre- 

lation between the scientific effectiveness and “unwanted dimensions of Qualitw”. 

Gok and Sezen {24 estimated the effectiveness of 348 public hospitals in Turkey 

utilizing DEA method aud analyzed the exchange amonuy quality and effectiveness 

of healthcare service by nuultiple regression analysis. In the process of analvsis. 

they took the efmclency valucs as explain variables sud regarded healthcare ser- 

vice quality as descriptive variables. The outcome manifested that the hospital. 

dimension could have an effect on the trade-off among quality and ctfectiveness, 

Tt can be seen that these researches did not integrate the quality and effectiveness 

to talk about their connection. and they took quality as a power factor of efh- 

cicnev. In addition, the trade-off among efficiency and quality of healthcare has 

not got a qualitative or quantitative finish form the feature of combined effective- 

ness and quality. [ealtheare service quality bv mathematical studies establish in 

little quantities. between them Tao Du in his paper studies about quality of med- 

ical service. His study based on the analvsis over. he caleulate the family member 

quality index value Q of healthcare service of 31 provinces of mainland China by 

using method for order liking by match to a perfect result (LOPSIS) method. 

and then treat Q as the complete quelity level during efficiency capacity bv DEA 

model. TOPSIS method calculate DAIUs’ relation index values by building per- 

fect and negative ideal solution, so its essential thought is alike to DEA method]. 

In the healthcare service field. Navar and Ozean [25] first used quality-adjusted 

DEA model to calculate aud measure up to hospitals’ conprehensive performance 

in terins 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 effectiveness. This study 

directly puts 3 quality neasurements as results to estimate effectiveness by DEA 

model, Quality-adjusted DEA model was developed by Sherman and Zhu [26], 

and it viewed quality as the production for effectiveness measurement. DEA 

micasnres the effectiveness through the ratio of inputs and outputs, so only taking 

excellence as the output(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. Th 1885 he pub- 

lished his scientific work "Regression in the direction of the overall average size of 

inheritance. of growth." Therein he came to the conclusion that the signs of par- 

euts 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 verv high or verv low parents in average have less high or less low growth. Tn 

addition. the deviation in the growth of children is not as large as deviation of the 

erowth of their parents from the average growth of the studied. This movement 

back in the direction to the mean Galton called regression (to regression - move- 

wncut in the opposite direction). Galton wrote: "the Law of regression strongly 

testifies against full inheritance of any sign. From a large number children only 

a few will shy away from the average level of compared with the evasion of one 

of the parents. different their natural qualities. The brighter talent of one of par- 

ents. the less likely parents are to have the happiness of seeing that uature also 

venerously cndowed their sons. and even less often. to the endowment passed on 

to the next generation. The law is impartial aud objective. It is evenly distributes 

the inheritance of good and bad traits. He destroys the excessive illusions of one 

gifted parent, cherishing the dream that his children will inherit all his abilities. 

The law also eliminates exaggerated concerns about the fact that children will 

pass all the weaknesses. shortcomings and diseases of parents Of course. these 

statements are contrary to the General theory that children talented parents are 

nore likely to have auy talents than children of parents with average abilities. Our 

reasoning only expresses (hat 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 

IJ



very many reeression is due to Francis Galton. In fss5 lie published his scientific 

work "Regression in the direction of the overall average size of inheritance. of 

erowth." Therein he came to the conclusion that the signs of parents 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 very low parents in average have less high or less low erowth. In addition. the 

deviation in the growth of children is not as large as deviation of the growth of 

their pareuts from the average growth of the studied. This movement back in 

the direction to the mean Galton called regression (to regressiou - movement in 

the opposite direction). Galton wrote: "the Law of regression stronely testifies 

against full inheritance of anv sign. From a large umber children only a few 

will shy away from the average level of compared with the evasion of one of the 

parents. different their natural qualities. The brighter taleut of one of parents. the 

less likely parents are to have the happiness of sceing that nature also gencrously 

endowed their sons. and even less often. to the endowment passed on to the next 

generation. The law is impartial and objective. It is eveuly distributes the in- 

heritance of good and bad traits. He destroys the excessive illusions of one gifted 

parent. cherishing the dream that his children will inherit all his abilities. The law 

alsy eliminates exaggerated concerns about the fact that children will pass all the 

weaknesses, shortcomings and diseases of parents. Of course. these statements are 

not contrary to the General theory qhat children talented parents are more likely 

to have any talents than children of parents with average abilities. Our 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 

is the change function depending on one or more changes arguments’. A function 

is defined as a variable that depends on another argument variable (independent 

variable.) Regression is a one-way statistical dependence process. With simple 

correlation study dependence between 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 fron X. then set the regression Y to X. If the same study 

the dependence of the variable X on Y. then deterinines the regression of X on 

VY. Purpose of the regression analysis - based on the values one variable selected Ho ‘ 

I



ax ab argent. predict the corresponding value of the other -fuuction). [his is 

the first difterence between the regression method and the correlation method. 

Second the difference is that the degree and nature of the regression can be set 

and with a small munher of pairs of values of the dependent and independent 

Variables. 

3.2 Regression analysis tasks 

In healthcare service analysis studies. regression analysis is used to solve the 

following tasks: 1. Establishing the form of dependence between variables (linear 

nonlinear. negative-positive. etc. 2. Definitions of regression function. Tt is 

muportant to find our what would be the effect on the dependent variable of the 

main factors if other factors did not change and if random elements were excluded. 

3. Predictive evaluation of unknown values of the dependent variable. Using the 

regression fMnction. vou can reproduce the values of the dependent variable within 

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 features taken into account. the POCRTCSsION. Cal 

he: shuple - between two variables, and multiple (or particular) - between the 

dependent variable Y and several independent (explanatory) variables: X1. X2. 

Ani with respect to the form of the dependence - linear and nonlinear: with 

respect tu the direction of the relationship - positive and negative. By the nature 

of the relationship between the dependent and independent variables. regression 

can be direct (the cause has a direct effect on the consequence), indirect (the 

independent variable acts through a third or a number of other causes on the 

dependent variable), and false (nonsense-regression - occurs in a formal approach 

without muderstanding of the reasons that cause this relationship). 

16



3.4 Simple linear regression 

Simple linear reeression is wniderstood ax a one-way Hnear statistical dependence 

of a feature on only one independent variable. The analyzed characteristic is more 

often called dependent or resultaut variable and denote by the svinbol "v". and 

the factor-eanee = independent or explanatory variable and denote ly the svinhol 

"So" Gi the case of uniltiple veeression - ry. , Where ko 1... factors:.Ssimple 

linear regression can be expressed: 

ocmpirical regression line: 

orcercssion equation and theoretical regression line: 

oregression coclhiciont, 

3.5 Empirical regression line 

To build a regression line. you must 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 corresponding to the values 

of the independent variable. Connecting all the dots line represents the regression 

line of Y on NX. (see Figure 3.1 and ) 

\ 

3.6 The selection equation of the regression line 

An empirical regression line is usually a more or less broken line. Despite the 

clear nature of the relationship between X and Y. it does not make it possible 

to accurately determine any value of Y for a given value of X. For this pur- 

pose, use the regression equation, which in ueneral can be written as follows: 

yy ~ y = O0r; — av) +c; where y; is the value of the i-th observation of the depen- 

dent variable (i Lo. }: ty - the value of the corresponding independent variable: 

rand y-v averages observations: b — coeflicieut of proportionality ;e; - error. The 

equation expresses certain dependence: after the deviation of x;from the average 

for the variable X, the deviation of y; from the average for the variable Y. The 

indicator b is the coefficient of proportionality. ic. a measure that. on average. 

idicates a quantitative change in Y when X changes by a certain value. Moving 

y, to the right side of equality. we get yi = y+ bGr, ~ 2) +e, The is equal to zero, 

ly 
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Figure 3.1: Table of population and medical person in Almaty between 2003 and 
2016 

then 7 will be the initial value of Y. which should be started when constructing 

the regression line. when; = 0. Therefore. it is usually denoted by by or a. Then 

the linear regression equation takes the form: y; = be 4 bye; +e: yy = a+ 0,0; + ej 

This equation is for simple linear reeression. where f az; - independent variable 

icause-factor): a (or bo) aud b (or &) are the regression parameters (0 be eval- 

nated. a (by) is the regression constant. It determines the point of intersection 

of the regression line with the y-axis. . a (do) is the mean of Y at wx; = 0. 

Therefore. biological interpretation of a (by)) is often difficult or even impossible. 

The constant performs in the regression equation aligument function. Thanks to 

it. the regression function is unbiased. b (O,) is the coefficient of proportionality 

that characterizes the slope of the line to the abscissa axis: it is a measure of the 

influence of variable X on variable Y. or a measure of the dependence of variable 

Yoon variable X. It indicates the average value of the change of variable Y when 

X Chauges by one nuit. The sign at b (by) indicates the direction of this change. 

A positive value indicates the progressive nature of changes in the dependent 

variable with increasing values of the argument. At negative b (b,) there is a 

neeative regression - with increasing Xi the values of the variable Y decrease. The 

regression paralueters are not a dimensionless quantitv. The regression equation 

18 



Fit Pletfor med person 

Figure 3.2: The estimation of regression analysis between medical person and 
oO Oo . 

population for 10000 people 

constant. a (bo) has the dimension of the dependent variable. Dimension b (b1) 

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 analysis is to find such estimates of these parameters 

(the selection of the linc), which would 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: 

dia, Yar? fb iyi 

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

n Sox} fal | oy 

b _ fn Seyi de Pith 

vo ny ae—(No ei)? 

a= y— br. | 

These estimates include in the equation for the selection of the line regression of 

Y on X: 

y=at bu. 
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For each value of the independent variable 7; (i 1.4). the regression function 

— (y;)is calculated using this equation. The vaiucs of the regression function (y;) 

fi-1....n) are called predicted or calculated values of the variable Y for fixed .tj. 

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

Where ¢; is a perturbing variable or residue involving the intlience of unaccounted 

factors (interpreted as an crror). Predictive estimates ((y;)) are 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 

forins 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 7;. The values of the regression function 

((yi)) are thus estimates of the average values of the variable Y for each fixed 

value of the variable X. 

Example 3.1 It is required to describe the linear dependence of the ratio medical 

person (.7;} and hospital (y;): 

Soy Yi = 191218 
ye ei = 912 
(2)? = 61560 

SoH (riys) = 12771057 

2()
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Figure 3.4: Table for population and hospital of Almaty between 2003 and 2016 

Therefore. 

— 14(12771057)—(191218)(912) 4403982 __ AG: 

b= TA(61560) (912)2 = =a, = 146.3 

And. 

a= (191218 1163(912)) ~ 4428 

making the least squares line 

y = 1128 + 116.32 
‘\ 

These equations are used to calculate prognostic estimates of hospital ( y; ) for 

medical person ( .r;). For example. the number of hospitals in 2003 equal to 53. 

the prognostic assessment of an average medical person will make 

yr = 1128 + 116.353 = 11882 

or ) 

yi = 4128 + 146.379 = 15685.7 

This predicted (theoretical) value-is the best, in the sense of the LS-method. 

linear approximation ( approximation) to the actual (empirical) value.y, = 11432, 

because the standard error of the forecast is mininized. 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 
2] 

ad. 



3.7 Regression coefficient 

In healthcare analvsis stadies. itis often nor the direct reeression itself that is 

of interest. but the effect that one variable has on the other. Tn sich cases. the 

reeression coefficient is calenlated. The regression cocthicient is the ratio of the 

covariance between the independent and dependent variables to the variant of the 

independent variable: 

b, Ur = —! . 
: uty ye 

Previously. it was shown that 

© SP 
Orn u-l] 

and 

“yo SS, 
(O,)° ~ ] 

where SP. is the sum of products of deviations from means: 5" (0, = )(y, — y): 
“Cc . . . . . 9 

SS,- stun of squares of deviations from the mean:) > (7; —r). 

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

the following formas: 

. SPaiy _ _ Vaio: __. 

bho a we eS Vey i EE a Se i TT 
wap 7 oss —_ ~ —\- —_ ~,\2 ~~ 7.2 aye ONT EL 2 

. ” i Mur: 7) (Mea TPE ~(Yan) arp 
v N- n 

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

) In regression equation: 

yj = at hr;. 

Like the coefficient of proportionality. the regression coefficient is a measure of the 

dependence of the variable Y ou the variable X. Tt shows the average value of the 

change in the variable Y when x changes bv one wut. The sign in the regression 

cocfficient determines the direction of this change. A positive value indicates the 

progressive nature of changes in the depeudent variable with increasing values 

of the argument. When the regression coefficient is negative. there is a negative 

change, in which the values of the variable Y decrease with increasing X. Regres- 

sion analysis provides more information than corrclation analysis. It allows vou 

to set the dependence of both the variable Y on the variable X, and versa - XN on 

Y. Therefore, the regression cocfiicicnts can be two: 

+) )



0 chaneing the Y variable when changing the X variable 

* co. Ly __ reo, 

wee , : 
oan \- 

o chaneing the N variable when changing the Y variable 

Cay, 

b= : yt Ta 

Exercise3.2 For the data of example 3.1 will receive 

Soi f= 2G97731GT: 

Nori : — 7, 4 — . —_— Gry — ie it . 

Vyy ~ (7/7 ~ Dy: ~ ia, ~~ Sarg? ° 

_ WTTOST= LU IBU58)(65.1N SB ISS0T.BT_ ay ago 
~ 19121814 13058 = Sutin = —U-00012 

The result shows that with each increase in the average hospital, the live medical 

stuffs number will decrease by 0.00012 people. From a scientific point of view. the 

dependence of number of hospitals on the medical stuff is meaningless. Here this 

dependence is given only to illustrate the calculations. 

3.8 Null hypothesis and confidence interval 
\ 

Deviation of the prognostic assessment y; from the actual the values of the de- 

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

+ . . . . . ) - . 

Forecast errors have a distribution with mean equal to zero and variances 7. This 

residual variance estimated according to the formula: 

og? ss. — Lew Th) Ge 
6 df p= tnt) n—(+d} 

where SS) is the stm of squares of residues: df is the number of degrees of frec- 

dom: nis the sample size: in is the number of independent. variables. The physical 

weaning of the residual variance is the portion of the total variance of the depen- 

dent variable Y (7). which can not be explained by the dependence of the variable 

Yoon the variable N. Vhe residual variant is used to calculate the variant due to 

regression or an independent variable (j): 
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and error estimates of the regression coefficient (14) 

Gey nal 
My = \/ Oo = 

where , is the standard deviation of the residuals: SS, and , - sun of squares 

and the standard deviation of the independent variable. respectively. Thus. the 

standard error of the sample regression coefficient 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 (/7y) : b = 0). t-statistics are calculated: 

{5-0 
ly ty= 

If t,f¢:df) at the number of degrees of freedom df = mn — m — 1. then the null 

hypothesis at the significance level is rejected: the regression coefticient is con- 

sidered statistically significant. . 

Confidence interval for the true value of the regression coefficient: 

(b — tate fimy) <O< (b a tutd Fimy) 

It can be 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. Thi 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 regression function 

y = 4128 + 146.32 

the calculated prognostic score yi (for example, for the 2003 year y; = (4128 + 

146.353 = 11882) and their errors (e; = 11432 — 11882 = 450): 

According to prognostic estimates, a theoretical line is: drawn regressions ( 

). Variance and standard deviation of the residués: 

9 SS. 8971396. aangsgea. 
OF — n—(m—) —_— 1J-(1=1) — 3309493: 

G. = ¥ 2229.95 = 1819



Figure 3.9: Table for population and hospital of Almaty between 2003 and 2016 
and statistical analvsis 

« : "cf 2) 

Calculation SS)..5 and ,.: 

ll =: 
SS; U; = 3. 

_ 2 ied 
Fa UW = 65.14: 

SS) = So(.0j) — 07)? = Soe? — nF? = 61560 — 14 * 61.142 = 9226.6 

0, = Vi09.7 = 26.61: 

Variation and regression error: 

“9 a2 800498 ae =, 
07 = oe = ong VIO 

mi, = \fo2 = V358.7 = 18.9: 

_ a ID egy 
F,\/n—1 6.6113 18.9. 

Hence, 

btan, = 146.3 + 18.9, 

Actual t-test : 



oboe AGB 
ly nn ND rtd. 

At = 5'% and the munber of degrees of freedom df = 14 — (1 = 1) = 12 critical 

value #,0.05: 12) = 2.179table. A. s of Annex Aj. Since. #, < #,0.05:12) . the 

null hypothesis remains valid. The true value of the regression coctticient 95% 

confidence probability is in the range of estimates 

(b = (4.03: 27101,) <b < (D+ by.05:) Qin + dD). ie. 

From (146.8 — 2.17918.9) to (146.8 + 2.17918.9) or 

From 105.6 to 187.98 and it can take a zero value. 

Exercise3.4. 

Regression analvsis of population (NX) and the umber of medical stutf (VY) between 

2003 and 2016 illustrates a different calculation technique. Here we will use per 

19.000 people of the population. 

Initial data and calculation of sums of squares and products: 

— Sor; 996 . yx cetli at _ 137.8 

n | 

7 — Mi 19.18 = 1.36 

o? = Se = LM & 11,066 

» SS, _ $256.22 _) or ) 
ae = Tp = 29018 

. SPiy WOT 
Ory = Nn -| . “Ti ~ 3.90 
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Reeression cocticient: 

hy. = = Bh = 0.016 

b= = EY = 259.09 
oh AY ; 

The regression cocflicieuts show that with the increase of population increased 

umber of medical stutf by an average of 59 people. On the other land. the 

increase in population with 59 people increased number of medical person by an 

average of 0.016 people. 

Regression equation constants: 

a=y—b,ve = 1.36 — 0.016 * 137.8 = —0.84 

a=a—b,yy = 137.8 — 59.09 * 1.36 = +5744 

The regression function of Y on N: 

yi = —O0.81 + 0.0162). 

and X bv Y: 

The fimetion of regression of population to number of medical stufls: 

yy = —U.84 + 0.016.r;. 

Calculation of prognostic estimates (y;). residues (¢;). the sun of squared residuals 

(SS,) and the sum of the squares of prognostic estimates (SS,): 

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

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

> SS. 0.068 4) aQser 
ra Qn-l) 120 0.00567 

Reeression variance: 

o2 = fe = Beet = 0.0000002 

The test of the null hypothesis for estimation of regression coefficient of number 

of medical stuffs (Y) for the population (X): 

lerror:
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Figure 3.7: Initial data and calculation of suns of squares and products 

Fit Plet for med person 

Figure 3.8: regression line between med persou and population 

my = Vf, = EV 0.000002 = 0.0045 

Reeression with error: 

b+am, = 0.015 £ 0.0045. 

Actual t-criterion: 

— yt i. 0.016 _ 9-7 

th = mn 0.0005 7 3.50, 

When = LO% and the mmnber of degrees of freedom df = Lt—- 1-1 = 12 table. 

A. Sof Appendix A we find (,0.10:12) = 1.78. Since, ty < (0.05: 12) the null 

2R 



hypothesis can be rejected. The tre valne of the regression cocHicieut with a 

confidence probability of 90% is in the range of estimates 

(h = by.102) 2ray) <b< (=ty.105, Dy). te. 

From (0.016 — 1.780.0567) to (0.016 + 1.780.0567) or 

From -0.085 to - 0.117 anc it can take a zero value, 

If we take = 5%. then. ¢,0.5: 12) = L.ls and the mull hypothesis is net rejected. 

hecause t, < fy.05 . Tt follows that the choice of significance level () has a de- 

cisive inHucnee on the aeceptanee or rejection of the null hypothesis. Theretore. 

to exclude subjectivity in the discussion of the results of the experiment. it is 

necessary to set the valne in advance. before the results. 

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

Figure 3.9: 

in the region showed that from 2003-2016. there Was a significant increase which 

is 62.4%. and it speaks about the quality of service in health care, because this 

reduces 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 guod health outcomes. The decisive factors here are quality. training 

of specialists. offectiveness of financing. share of health care and labor costs the 

doctor. 
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3.9 Linear multiple regression 

Anv sign or phenomenon is determined (determined). as a rule, by a set of si- 

multaneously and jointly: acting causes. Therefore. one of the tasks of regression 

analysis is the study of dependence one variable Y from several explanatory or 

independent variables Nt. N2.... Nui in a specilic place and tine. This problem 

ix solved by aultiple (uultifactor) regression analysis. la the presence of tn- 

ear relatious between variables. the General expression of the multiple regression 

equation 1s: 

y = bg + yay + bots FAD Py 7. 

where by. bo..... b,, regression cocficicnts. 

The linear multiple regression friction Is: 

y= be + Dyy + Dov + SR TRETE 

yi |.....n)- the estimated valttes of the regression. They indicate the average 

values of the variable Y at the point i at fixed values ajA(k 0. .... m1) - assmming 

that only these m variables are the cause of the variable Y. 

Coolficients b, (kU... 1) - regression parameters. The regression constant bp 

perforins the aliguinent Muction in the regression equation. It defines the inter- 

section point o 

Values fy. ba... +. },, there are estimates of regression coefficients. The sub-index 

f the regression hypet surface with the ordinate axis. 

when the cocflicient: corresponds to the sub-index of the independent variable. 

This, b; indicates the average value of the change in Y when XX) changes by one 

unit (provided that other variables remain unchanged): by shows how many units 

on average will change Y if the variable Ny changed by oue (provided that the vari- 

ables N,(k2) would remain unchanged). ere. While the regression function covers 

the cumulative simultancous effect of the independent variables. the regression 

cocticient b.(k = L.2....177) indicates the corresponding averaged partial offects 
4 

of the variable Ny. asstuning that the remaining independent variables remain 

constant. 

Thus, from the point of view of statistical methodology, there is no difference be- 

fveen multiple and partial revression. Therefore. in the study of regression. there 

is yo need to distinguish between partial and multiple regression. Therefore. in 



the literature parameters b.(k = 12...) are cadled as coctticicuts of nnutiple 

and partial regression. It should be noted that aithough multiple regression cov- 

ers the simultaneous action of mi independent variables. the regression coctlicient 

by. excludes the influence of other variables-factors Gu simple lmear regression, 

the influence of other unaccounted factors is partially reflected in the regression 

cooficient ). 

The task of multiple regression analysis is to evaluate the regression parameters 

based on the results of sample observations of the variables included in the anal- 

vsis. [If we introduce a dum variable wy = 1b for the constant. b, for alli 1.2. 

yy. then the linear model of multiple regression can be represented as 

y= by + bypry a bare + AM tin +o 

or i matrix form 

y= ADH. 

To estimate the unknown parameters of vector b. as in the case of simple Hnear 

roeression. the least squares method is used. Normal equations that satisfy the 

requrelent that the stun of the squared deviations of the empirical values from 

the calculated valuesregressions should be wninimal. have the form 

NNb= NX y. 
N“ 

If the wc matrix is invertible. it can be obtained as solution of the system of 

normal equations a columm vector the wiknown parameters of the regression: 

b= (NN) - DN y. 

Tho matrix YY aud vector XY have the following structure: 

~ 

Nn y ype. N Vin 

rf ro ~ . ny ? 5 aa 

VA = , Til ) nae > LaLa 

‘0 ope. X > ? + 

a tim So Uy Up ain, 

Soy 

NN = | 7 



3.10 The relationship of correlation coefficients 

and regression 

There are two cuefticicnts in regression analysis reeressions. The correlation coef- 

ficicut is a Cohmmon Mmeasire the coupled variations of the two characteristics. It’s 

nore artificial than regression. In regression, one feature acts as an Independent 

variable. the other as a dependent and conversely. These dependencies have a 

specific meaning. 

Define the regression of Yon X as: 

Cu by, = S&H. 
7 

a 

We will multiply both part of equation with & : 

Tx f — Curt, 
Ory — "52 
Fy os a Oi, 

After simplifving the right side by, we obtain: 

Cy ry Ty Oy 

Or 

Cy — 
7 Oy. I 
Z 

Then: 

CG, 

Don = ro 

Respectively 

Or 
Dyn = Moy. 

Therefore. if the correlation coefficient is known. then standard deviations can be 

used to determine the required regression coefficient. 

Then. if you multiply the two regression cocfficients. get 

») 

Dur X Ony =e. 

From this relationship it follows that 

by X Dy = £VO0L6 x 59.09 = £0.95 = 

)- 

32? 



we By 
a Te, a + 02GnI5S = a9, 

that is. mathematically. the correlation cocticicut is the geometric mean of 

the two regression cocflicicnts. 

It should be noted that ior the reeression coctheient Y to N there are relations: 

to 7 
segmd, 7 a 

i
 

. 

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

mination. 

As the formula for cvefficient of correlation and the formulas for the regression 

coctlicionts is Contral covariance. Tt is. in fact, a true measure of the conjugate 

variation of the variables analyzed. Therefore. covariance is a link in correlation 

and regression analysis. 

3.11 Regression analysis sequence 

In General, the regression analysis procedure includes the following steps. 

1. Fornnuation of the problem. Iniplies the specification, 

Bio technically phenomena and processes: the relationship between them is 

subject to evaluation. 

2. Identification of variables. On the basis of professional theoretical consid- 

erations and biological scuse determine a reasonable number of variables: 

Classify them into dependent and independent. 

Le
 

Data collection. Based on the purpose and objectives. establish the principle 

of data selection and sample size. If the required amount of data cannot be 

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

—
~
 



4. Specification of the regression equation {parameterization of the mwdel).At 

this stage: - formulate hvpotheses about the form of connection (linear or 

nonlinear, simple or multiple) and - checking the background. 

For the most part. the type of regression equation in the research process 

define step-by-step by eliminating variables that do not significant influence 

on the dependent variable. and the inchision of analysis of new factors-causes 

with a check of their significance. 

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

rameters of the regression equation. 

Evaluation of the accuracy of the regression analvsis. Calculate statistical 

indicators of accuracy regression analysis. 

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

ses. evaluate their likelihood with same points of view, 

Prediction of unknown values of the dependent variable. The resulting re- 

eression function is used for predictive analysis. If the regression function 

is defined and it is biologically warranted. the predictive (theoretical) eval- 

uation has sufficient reliabilitv. In essence. they are average values that are 

more likely to be expected. The power of multifactorial biological phenom- 

ena and the multiplicity of expressions of individual actual (empirical) values 

are scattered around the means. Therefore, it is natural that the actual val- 

ues of the dependent the variables will not comcide with the calculated ones. 

ic. with the forecast. After this must be considered degree of scattering of 

observations around the theoretical regression line characterizes reliability 

obtained the regression equation of predictive assessmeuts. The accuracy of 

the forecast is determined not only by the accuracy estimates of regression 

paraineters. but also the extent to which future values of independent. vari- 

ables are reliably estimated at based ou additional information. Source of 

such additional information may be 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 adjustinent of paraieter estimates 

regression and statistical characteristics according to expected changes in 



the circustances of their formation. Vhe forecasting results ol reeressiol 

easier to Incanineful interpretation than siuple extrapolation trends. be- 

cause vot can better take info account the natare of the study phenomena. 

Because of this. the regression analvsis is widely applied in solving problems 

of long-term planning. 

Addition 

Prerequisites of regression analysis 

Basic assuptions of regression analvsis: 

1. 

~
~
 

6. 

No
 

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

variable. and the explaining variable ww; is a uon-random variable. 

The expectation ¢; is equal to zero: 

E(e;) = 0 or L(y) = by + byb,. 

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

factors have the saine effect): Var(c;) =? or Var(e;) =". 

Perturbations ¢; and ¢; (yj; and y;) are uot correlated: L'(e;.¢;) = 0 when. 

iQ. 

The perturbation «; (or yj) is normally distributed random variable. 

\ 

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

wise impossible their assessinent. 

Explanatory variables X should not correlate with the disturbing variable 

ce. E(ajkoe)) = 0 when (hk = 1..... nt) 

Variables x,explain variable v. but dees not explain e it is assumed unilat- 

eral dependence of vy, and the lack of relationship. 

To obtain the regression equation. the first ones are sufficient four prerequi- 

sites. Requirement of the fifth prerequisites needed to estimate the accuracy 

of the equation regression and its paraiueters. 

In next paragraph we will show analysis for quality of healthcare service 

using linear and multiple linear regression. Also, will show two cities of 

Kazakhstan which are Almaty and Nir-Sultan, at the end we will compare 

service quality 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 luok for guidance. Many study offer preferences founded on fame, 

cost, accessibility. data handling. visual represeutatious. advancements. and tech- 

nical community support and career opportunities. The preferences are suitable: 

on the other hand. the articles offen take in favoritism and qualifiers that are 

not measurable. In response. the researcli of this section will focus on scientific 

and qualifiable attributes to offer comparison of multiple tools with a focus on 

performance. The likely tools for a data scicutist are various. The first choice 

was derived from community information as well as the tools in the Southern 

Methodist University (SMU) Master of Science in Data Science set of courses. 

The communal data included rescarch from famous sites devoted to data scicnec 

and data analysis. Burtch Works and KDNuggcts. An article by KDNuggets in- 

corporated Python. R. and 38 in the top 4 tools for analvtics and data mining 

[1]. In 2017. Burtch 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 

our ready data sources. without data our tools are do not working. this could be 
easily summarized by a quote by Tim O'Reilly in his article ‘What is Web 2.0" 
[3]: “Without the data. the tools are useless: without the software. the data is 

tuunanageable.” The presentation comparisons will contain data wrangling. visu- 

alization. aud linear regression tasks with capacity on code difficulty, conputing 

tine. 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, group. cleaning and organize data (Fig. + 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 

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

Figure 1.1: Time portion of data scientists derived from a survey conducted in 

February and March 2017 with 179 data scientists worldwide on behalf of varying 

companies, 

to determine the difficulty of algorithms and languages. The found of this field 

ix Maurice H. Halstead attributed with the metrics now known as the Halstead 

difficulty measures. Forceful investigation ancl 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= 14 + No (1) 

N= M4 @ 
V = Nlogan (3) 

D=%x & (4) 
E = DV (5) 
T= = (6) 
In this background. 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 defines an 

Of 



operator aud an operand consequently a single code seripr could return unlike 

counts of these attributes depending on the criterion used to select’ them [Ss]. 

The Cyclomatic difhenliv model. also known as McCabe's complexity. was also 

developed in the L970s [9]. The evclomatic complexity focuses on the number of 

edges (@). vertices “uce). and connected components |p). 

WG) =e mot Qplt: 

Since the beginning of the wnodels. criticisia Las been expressed on both models. 

One disqnict is that difficulty of code may stand for more than the complexity 

of the langnage. The complexity may stand for the dificulty of the tasks being 

perform by the code or less direct coding practice [LO]. One more concern is the 

straight correlation between the difficulty and the lines of code [11]. Tn spite of the 

concerns, the complexity measurements by both Halstead and MeCahe coutinue 

to be used. 

4.3 Overview 

4.3.1 Python 

Pvthou is an open resource general aim tool with applications for web. Luternet. 

and software development: cducatian and acadenua: unmeric and scicntific, to 

point out a few. Python—created by Guido Van Rossuin as the successor of the 

ABC language and ofhcially released in 1991—rclies on the contribution of its 

wide community of users and developers self-identified as PUGs (Python User 

Groups)5 for its incessant development and increase. ‘There is a scientific conmu- 

nity of “well-established and growing group of scientists, engineers. and researchers 

using, extending. and promoting Python's use for scientific research” [12]. Python 

capabilities are extended throngh its healthy collection of packages. As of today. 

PyPIT. also known as the “Cheese Shop. —the official package warehouse—has more 

than 100.000 junk mail stored 6. Approximately explained. a package is a col- 

lection of modules that in turn contain definitions and statements to carry out 

functions or determine classes. In the field of data analvsis some of the com- 

mon packages [14] are: Pandas—ideal for data manipulation—: Statsmodels—for 

model and test: scikit-learn for categorization and machine learning tasks—: 

NiumPyv (Numerical Pvthon)--for mathematical operatious—and SciPy (Scientific 

38



T
t
 

Python for ordingsy sciontific tasks. A modern review [Id] fond thar Python's 

NumPw. and SciPv packiges were among the most favered ones for statistical 

analvsis. while scikit-learn stood as a data mining favorite. Python also provide 

an extensive list of Jutegrated Development Environments (IDE). \ccording to 

DataCaimp [15] among of the top ones for data science: Spyder. a cross-platform 

IDE. distributed thronel Anacouda ‘a “irecinimm open source distribution for 

large-scale datas: PyCharm: integrates libraries such as NamPy and Matplotib 

and provides support for JavaScript. KWEAML CSS. Node.js. waking it a good in- 

terface for wel) development: and Jupvter Notebook. before known as [Python, 

-offers an end-user cuviromment for interactive work. a component to embed in 

other systems to provide an iuteractive control interface. and an abstraction of 

these ideas over the network for imeractive distributed aud parallel computing 

116)" 

The improvement of R was motivated by S with some programming influences 

from Scheme [17]. Two professors introduced the langnage to assist students 

with a more intuitive language. specifically lexical scoping which climinates the 

necessity for global defining of variables [Is]. Although the history R can find a 

fmidation in FORTRAN. 2 is its gwn language. Rois an interpreted language 

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

cay write interfaces for C. Co. and FORTRAN for etticiency. Rois part of 

the GNU Project. which focused on free software allowing users the ability to 

run. redistribute, and improve the program [19]. Although initially criticized. 

R upgraded quickly with collaboration from around the globe. Since R is open 

source. the target audience is any ser interested in statistical computing. R 

can be installed using Cuix, Windows. or Mac. Rois available for download via 

the Comprehensive R Archive Network (CRAN: The master site is in Austria: 

however, mirrored sites throneghout the world distribute the load on the network, 

In addition to the software. the CRAN hosts provide supporting documentation 

and libraries with add-on packages. “The open-source add-on packages. which 

are groups of fanctious developed by other users. are available on CRAN, As on 

Jammary 27. 217. the CRAN hosted more the 1Q.000 packages which does not 

include packages from other vendors [20]. Although no warranties are given by 
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R for anv packages on CRAN. all the packaze contributions are reviewed by the 

CRAN team. Some packages in the libraries wav restrict commercial use although 

the same packages may be openly available for education and research. RStadio 

is au IDE using packages (knity aud rmarkdown) to develop composed docuuents 

with the code and ourpat from the R language. Tn addition. RStudio is an editor 

for LaTeX which is aamarkup language to 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 proprietary comprehensive statistical and data management tool devel- 

oped by the SAS Instimte: used internationally by government, private industry. 

and academia. “9! of the top 100 companies on the 2016 Fortune Global 500@) 

are SAS customers.’ 7 SAS is the largest privately-owned software company in the 

world. S Once an acrouyin for Statistical Analysis System: SAS has grown ito 

much more than that and is uo longer considered an acronvin. Tt was originally 

created in 1966. for agricultural research work and later developed into a full- 

Hedged system with the inception of SAS Institute. A study released in 2016 by 

\IONEY and PayScale.cou listed “Making Sense of Big Data” as the most valu- 

able caveor skill now: with SAS as the top skill [22). Current nses include Imsiness 

N 

aitelligence. and analysis of data in almost every business sector. SAS has various 

components and products that can be liceused along with Base SAS which is the 

core procedures and data management tool, SAS is a static typed Janguage that 

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

2 data types numeric and character. SAS does net have the large user-written 

package library common to Rand Python. There is however a huge user base 

that write and share code: it ix just not inchided and centralized in the same way. 

SAS has its macro language which allows users to write code that can take various 

parameter= and encapsulate code similar to fictions in other langnages. A user 

would then refercuce the code ane 

and does not get installed. Tt is SAS macro language 
call the macro. Unlike’ Python aud R. this 

eis not colpiled macro cod 
a user can read and modify as needed. A good source 

and Base SAS coe that 

for this type of code is GitHub. 9The SAS Global Fortm, an annual conference 

for users by users. Is a great source of SAS knowledge and code sharing. SAS 
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provides an extensive “Knowledge Base” on the support section of their websiteL0 

and has well-supported riser support groups inclidine the SAS-L list-seive hosted 

by the Universiiv of Georgia. 11 The main IDE for SAS is referred to as Foun- 

dation S.AS or generally knewn as PC SAS. SAS Enterprise Guide was released 

several vears ago: mduly known assa imore point-and-click method of coding in 

SAS. More recently, S.A developed the SAS Studio which is a platform agnostic 

alternative that is based tu Java and rans ina web browser from a licensed SAS 

install. SAS also recenth: intreduced Jupyter integration where SAS can be run 

from Jupyter with a licensed justall on the machine runing, Jupvter. 

4.3.4. Ethics 

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 

bias in writing and results. all experiments and research was performed with a 

focus on the quantitative or qualitative data. Au additional ethical perspective 

is added when reviewing the code of conduct from the ACM (Association for 

Computing Machinery) (23). The code of couduct defined the coutribution to 

society and Iuman well-being as well as creating opportunities for members to 

learn the principles and limitations of computer systems. The research to assist 

less experienced individuals entering the held is an effort to assist with enidance 

hy providing all of the resources applied ou this paper as an educational tool. The 

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

corresponding tool. 

4.3.5 Quantifiable Experiments 

The studied projects were ideutificd to apply multiple traditional applications. 

The practices were performed on Toamacline. Fach test run of the three (3) 

programming languages . 

The projects we tried to test are represents a more usual data analysis task 

performing various analytical tasks. All data was obtained from the legal site of 

The Ministry of Iealth and Social Developinent of the Republic of Kazakhstan 

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

provision of wiedical beds and hospitals. for the years between 2003 and 2016 
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Figure 4.2: Machine specifications. 
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Figure 1.3: Software specifications for beth test machines. 

was used. The original file contained 224 observations and 10 variables for whole 

cities of Kazakhstan. In our study we used two mega cities which are Almaty and 

Nursultan. The data was preprocessed and cleaned before usage. Variables with 

less 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 healthcare service quality. At first, 

a qynodel considering more than 5 regressors was defined to know the connection 

amon variables and the most quantity of healthcare service quality involved in 

demography of population. 

Yo =o type vg + tpt (8) 

In this section, the point of the model. though. was to evaluate its performance 

against other tools. The first code was wrote hy Python and then replicated into R 

and SAS. The process started with the loading of the data. Firstly, data converted 

to sy file to upload. Table graphs was venerated to imagine the information. A 

correlation table was developed, and a heatinap was constructed for imagination 

of the correlation analysis. To heein the linear regression. niodel variables were 

wrote for the factor variables. A linear regression was performed ou 6 variables. 

The independent and depeudent variables were chose based ou ordinary least 

squares. For consistency every trial used the same six (6) variables selected from 

the SAS analysis. The final model with six (6) variables was trained using 80% 

of the data and tested with the ronaining 20% of the data. The mean absolute 

error, ean squared error. Foot Wmcan squared error, and variance were calculated 

to provide the analysis of the model. 



4.3.6 Code Complexity 

The rile defined by the Halstead Metrics was used to the programming for all 

three tools. The guiding principles were first defined for analysis C. so adaptations 

uceded to be made. While programs exist for compute the metrics. the accessible 

applications do uot used every time to all three programs. To make sure stability 

in the counting of operands and operators. the calculation was done by two or 

nore persons With compromise on all tasks. The code was reviewed line by line 

with each appearance being identified alone. The total operators and operands 

were consolidated to provide a stu. The single operators and operands were. 

then recognized. All calendations for other difficulty capacity were hased on the 

operand and operator counts. 

4.3.7 Qualifiable Research 

There are definite cousiderations to be taken into explanation when choosing the 

correct application for executing data analysis tasks: A programming language 

for data analysis 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. Lave wiusual options to run inissing values correctly. and give at least 

basic mathematical and statistical functions such as the skill to produce arbi- 

trary figures and probabilistic distibutions. as well as high-level visualizations 

[24]. To assess the chosen tools. a matrix with these attributes was developed. 

All variables were incorporated except for the characteristic case. Simplicity was 

excluding for the reason that coding is a creative activity that may contrast in 

leneth and style. Also. previous programming experionce would influence the 

awareness of simplicity. 

4.3.8 Results 

The experiments and investigate provided both experimental and qualifiable study 

as defined previously. Ney aspeets of the experiments and study were recognized 

to offer comparisous of the act. Ordinary dimensions in the experiments were 

manber of fines in the code. Lhe count eliminated all conmuents and white space 

aud only alert on the uceded code to perform the activities recognized. The



selection of lies aud words was to demonstrate Low the tools compare when 

looking at the quantity of code that is required to perform a task.: Program 

Mmuing time measured at a variety of points and general was measured in “wall 

clock” time. the time it rakes the process to fiuish on the given hardware. Machine 

alasses affect the performance in different wavs relating on the tool. Using our 

Inachine allowed us to give a more balanced performance score of average machine. 

We measured running also on a Mae. however SAS is 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 out on a 

remote engine and this would not be a high-quality comparison across tools. A lot - 

of results were obtained from the experiments. The outhne below highlights kev 

outcome for the tools. The one test that we perforin was to run the Healthcare 

system service data on the full Kazakhstan file with 2.5 million records. When 

we attempt this. SAS was the only one to complete the job. Python and R 

both threw errors once the data tired the RAM on the machine. This happened 

on other test machines also. This is bv reason of the wav data is stored while 

processing. Python and R both use RAM 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 outcome in slower processing but the skill to handle more 

data ol a usttal machine. 

4.3.9 Qualitative 

The table below summarizes some of Huher’s necessities of a statistical and data 

analysis tool. The first six share to miversal aspects of the progranuninug lan- 

euages. While the last three match specifically to data analysis. According to 

Huber. a tool keen to data and statistical analysis should be extensible. R and 

Python take plus of the library of packages they sport to extend their capability 

outside thoir base language. Having users causative in the creation of packages 

is what keeps these tools in coustant growth. On the other hand. caveats take in 

rapid criticism of packages. aud 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 aud ran an external application. Data handling 

capabilities in the case of this experiment. are measured by the type of computa- 

tional devices emploved to perform this test. so in this background Python and 
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R’s capabilities are restricted by the quantity of RAM. SAS is not forced by this 

feature as it runs directly on the hard drive. The three programs provide both 

on-line aid to the user at anv time an errur occurs. representing the sort of error 

and the correct location of the error in the code. Some packages in Python due 

to their design even provide alternatives to recover from an error. Tn this trial. 

during the data reading of the healthcare service files in csv in Python. an alert 

dne to the overpassine of the default memory boundary was issued beside with 

a wav to fix the error by changing the low memory option from Lrue to False. 

Python. R and SAS can handle quantities, characters. logical. compound. and 

random data tvpes. All of then: can be operated from either the command line 

or throughout oue of their multiple IDEs. All three tools offer differ options to 

handle missing values. Python's package fancvimpute includes methods such as 

SimpleFill. MICE (Multivariate Imputation by Chained Equations) and Softlni- 

pute: R offers the MICE. Amelia, Himisc. mi libraries, while SAS deals with this 

through the procs MI and MIANALYZE. All three programs 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 cohumus that enclose unidentified 

values in them. The three programming languages can calculate linear algebra 

functions. produce random information. do probabilistic distributions. and have 

lich-level customizable image packages in the case of Python and R. while SAS 
> o . 

has this feature integrated. ‘ 
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Figure 4.4: Qualitative attributes 



5. Preparation of data 

5.1 Analysis for Almaty 

Indicators of quality management in health care have a direct relationship with the 

completeness and complexity of the svstem. Ln this regard. this thesis analyzes 

the main indicators that alfect the quality of services. which are the figures of 

population. medical person. medical beds and. hospitals. 

Regional Health: 

L. Provision of the population with hospital beds (per 10.000 people): 

2. Provision of the population with doctors (per 10,000 people of the popula- 

tion): 

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

ce
 

4. Number of nursing staff per 1000 people. 

General information about dataset: overall two regions own Lt observations and 

5 variables. Observations are the vears between 2003 and 2016 for cach city. Vari- 

ables are the indicators of quality services. namely: vears. population, med _ person. 

medical bed and hospitals. ‘sec ) 

5.1.1 Analysis of Correlation for indictors of quality ser- 

vices in Almaty 

The first two tables tell us what variables were analyzed and their descriptive 

statistics for Almaty. 

The third table contains the Pearson correlation cocficients and test results. 
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Figure 5.1: Table10.The indicators of service quality in Almaty 

The CORR Procedure 

8 Variables: Soar pomuanor mig Pers Pee ee ee Pes ta 

Simpic Statistics 

Variable N lican Std Dev Maximum 

yest - 2048 

populawen 2: 1744220 

med _porsen 52 
DO4GE 

medicel_bec 4+ oe 
3294 

hospital fa SR TSA Speer neers “2 OMane 

Pearson Correlation Coefficients — These numbers ieasure the strength and 

direction of the linear relationship between the two variables. The correlation co- 

ficient can range from -1 to ~ 1. with -1 indicating a perfect negative correlation, 

| indicating a perfect positive correlation. aud 0 indicating uo correlation at all. 

HA variable correlated with itself will always have a correlation coefficient of 1.) 

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

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

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

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

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

of how tightly aromnd the imaginary line the points lay. If the correlation was 



mecion_bed TUES 

hespital 

higher. the points would tend to be closer to the line: if it was smaller. they would 

tend to be further away from the line. 

-\lso we the strength can be assessed by these general guidelines: 

eo 1 <jr)<.3sinall weak correlation 

@ 3 <r} <.5 medium » moderate correlation 

eo. <jri < large strong correlation 

For example the variables ned_ person and population has a strong positive cor- 

relation with vear variable. Also. medical_heds with med_ person gave the large 

correlation. also between coefficients of medical beds and hospital negative cor- 

relation. ‘ 

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 increase is (-O0.016) doctors. which indicates a trend reduction in medical 

stulf capacity. The coefhicient of determination is equal to 0.92 which is closer 

fo Ts it ineans the model can work correctly, For example. if we predict that 

uext vear the demography of city will jucrease by 1900 million people then the 

iunber of needed medical person equal to 21820. The coefficient of variation is 

DADA. (< 33%) confirming the homogeneity of the model. It is observed that 

the lowest staff custred vears were between 2003 and 2005. Analysis of changes 

in the indicator allows lighlight the peak of significant growth in medical stuff in 

2016 which is bigger than for 17% comparing by 2016 vear. 
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Fieure 5.2: The estimation of regression analysis between medical person and 

population for 10000 people 

In the analysis of the comparison. between 2U03 and 2016 in healthcare area 

filled with 23 hospitals during. it mmcans 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 increase among munber of healthcare houses related with politics and. can 

characterize high quality prophylactic activities of medical institutions. As part 

uf a statistical analysis of the dyvnanuics of indicators aud building a linear model 

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

type v—L16x-~ 1126 approximates that to cach opened medical houses needed 1-16 

medical people in average. and if there are no any opened hospital. then there 

are free 4126 medical person who might be work in different private hospitals and 

diagnostic centers. Tf next 2017 vear there is given to use 2 hospitals. we need 

Approximately 15950 medical person. In the next paragraph considered analyze 

between hospital and population. 

The studied years the miniber of population only increased. From 2015 to 

9016 there was big incenscment in demography, the number of population flled 

directly with 160 thousand people. Within statistical analysis of the dynamics of 

adicators and Imild the linear model revealed the following trends. A linear view 

model y = 0.000067 — 26.2 approximates if the number of people in Almaty 

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

regression model if we estimate 0.000007.” = L then to every 11925 people required 

1 hospital facilities. Tn the next paragraph we will consider the multiple regression 

between number of hospital, uwmber of medical bed aud population. 

If we look the regression model y = —2L.507, + 0.25.0,2) + 0.017.073 — 11039 

Cr, is hospital and .ry is medical bed and wry is population) predicted that the 

region has a lack of a hospitals. however medical bed is sufficient for 217. If next 

vear these three variables will increase for 10%. it requires medical doctors should 

also iuerease by 10%, Let's calculate: y = —21.5 % 87 +0.25 * 12628 + 0.017 * 

1884542 — 11039 = 22285. Tt is satisfied with increased medical stull numbers, 

So there is no any luck with healthcare services. Coefticiont variations equal to 

5.5'%. since this indicator is not more than 33%, it meaus that the aggregate is 

quantitatively homogencots, 

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 

observation time series from 2003 to 2016. also has the indicator catiahlos ae 

year, population. medical person. medical bed and hospital. 

The first two tables tell us what variables were analyzed and their descriptive 

statistics for Nur-sultan. 
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Fiewre 5.f0 The estimation of reeression analysis between medical stuth and 

hospital 

The third table contains the Pearson correlation cocfiicicnts and test results. 

This table preseuts us the relationship between studied observations. We niust 

check the correlation for coeflicient of population to cocllicients of med _ person. 

inedical bed, and hospital. Third table present us that: 

0 Population and med person (0.92) has strong positive relationship 

o Population for medical led share also strong positive ration which is equal 

to 0.89 and 0. 

o Population with hospital has a moderate relation (0.58), 

5.2.1 Regression Analysis for Nur-Sultan 

This paragraph made analvsis of medical stuff per population. According to the 

obtained estimations at the Tables the linear equation y = 0.00892 —413 show the 

average inerease Of doctors for 0.89%. The cocticicnt of determination is equal to, 

0.85 which is closer to [sit means the model can work correctly. For exaniple, if 

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

then the number of required medical person is approximately 7597, The coefficient 

of variation is 12.9%. (< 33'4) confirming the homogeneity of the model. Tt is 

observed that the lowest staf ensired vears were 2003 aud the highest is 2016. 
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The estimation of multiple regression analysis for independent variable Figure 9.9: 

medical person. 

Figure 5.6: The indicators of service quality in Nur-Sultan region 

Analysis of changes in the indicator allows highlight the peak of significant growth 
- . . . . : . : : . 

avmedical stutf in 2016 which is bigger than for 61% comparing by 2003 vear. 

(see ) 

In the analysis of the comparison. between 2003 and 2016 in healthcare areca 

filled with 12 hospitals. The peak ummber was in 2016 which is 31 hospitals. also 

in 2003 the figure of hospital where only 19. which is the lowest among studied 

years. Such a decrease and increase among muuber of healthcare houses related 

with politics and. can characterize high quality prophylactic activities of medical 

iustitutions. «\s part ot pn statistical analvsis of the dynamics of indicators and 

building » linear model revealed the following trends. As shown at the table& 

a linear model of the tvpe y = 3l4ar - 2675 approximates that to each opened 

medical houses needed 3b] medical people in average, and if there are no any 

opened hospital. then there are lick of medical person. Tf next vear ministry 

oives hospitals to nse. we need approximately 7687 inedical person. In the next 

paragraph considered, analyze between hospital and popttlation. The time series 
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Pearson Correlation Coetficionis, N= i4 
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Figure 5.7: The estimation of regression analysis between medical person and 

population for Nur-Sultan 

\ ee 

has a lack of a hospitals, 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 = —5.7 * 34+ 0.76 * 7455 + 0.004 « 959921 — 

1450 = 6192. It is not satisfied with increased medical stuff numbers must be 

8558. So there is luck of medical stuffs in Nur-Sultan. Coefficient 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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Analysis of Variance 

iiean Sum of 

_ Source DF =: Squares Square FValue ProF 
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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 healthcare service quality. Study considered 

quantity of hospital facilities for every 10000 population. As well as considered 

the average wwmber of medical staff per hospital. Also studied medical staff per 

population. The results of study can be used in the shade of the number of medical 

institutions and the training of the necessary munber of medical personnel in the 

healthcare system. For these used regression method and as software used SAS. 

Python and R programming languages. These methods study were used on the 

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

Student's t¢ Distribution Table 
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