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ABSTRACT

The volume of work is 79 pages, the number of illustrations - 30, tables -
17, sources on the list of links - 62,

The problem of creating tools to simplify the correct use of statistical
research methods remains relevant, especially in the biomedical field, where
experts are not familiar enough with the mathematical methods of statistics

The algorithm is developed and the automated system of statistical analysis
for evidence-based medicine is created. Its feature is to provide automatic
verification of the criteria for the applicability of each statistical method and
decision-making on the selection of the appropriate for a particular situation. The
algorithm is implemented in the form of a decision tree in the software
environment NI LabVIEW, which provides easy connection to the equipment,
versatility and ease of further modification of algorithms.

The object of research is the methodology of evidence-based medicine.

Subject — statistical methods of data analysis in evidence-based medicine.

The aim of the work is to ensure the reliability of the statistical analysis
conclusions by creating a software system of statistical processing modules with
prior automatic verification of the relevant criteria of their usability.

To achieve this goal, the following research objectives were identified:

- analytical review of existing statistical methods and algorithms for
information processing for evidence-based medicine;

- development of tree-like architecture of software system with decision-
making nodes and algorithms of statistical analysis modules;

- implementation in the NI LabVIEW environment of statistical analysis
algorithms with preliminary automatic verification of the relevant criteria for their
applicability.

The use of an automated system to detect statistical relationships and

statistically significant results of the influence of factors can reduce the number of
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erroneous results in evidence-based medicine, especially with widespread access to
such a system.
Key words: evidence-based medicine, statistical analysis, NI LabVIEW,

usability criteria, decision tree, research automation.



PE®EPAT

OO6csr muIuIoMHOT poboTH cKiTamae 79 cTOPIHOK, KUTBKICTh imrocTpariit — 30,
Tabmunp — 17, mKepen 3a mepesnikoM nocuiaans — 62.

[IpoGiiema CTBOpEHHS IHCTPYMCHTAJIBHUX 3acO0IB  JJII  CIIPOIIEHHS
KOPEKTHOTO BHUKOPUCTAHHS CTAaTUCTHYHUX METOJMIB JIOCIIDKCHb 3alIMIIA€ThCs
aKTyaJbHOI, 0COOJIMBO B OloMeAMYHIN Tairy3i, /e (axiBill HE HAJITO BOJIOJIIOTH
MaTEeMaTUYHUM anapaToM.

B poGoTi po3po0sieHO aJropuT™M 1 CTBOPEHO aBTOMATU30BaHY CHUCTEMY
CTATUCTUYHOTO aHANi3y IS J0KA30BOi MEIULIMHM. [i 0COOIUBICTIO € 3a0e3TeueHHs
aBTOMATUYHOI MEPEBIPKUA KPUTEPIiB BKUBAHOCTI KOKHOTO CTATUCTUYHOI'O METOIY
Ta OPUAHATTS PIlIEHb MMIOAO OOMpaHHS BIANOBIAHOTO 1O KOHKPETHOI CHUTYallii.
ANTOPUTM peani3oBaHO y BUMIIAL AepeBa pillieHb B mporpaMHomMy cepeaonuiii NI
LabVIEW, mio 3a6e3nedye nerke migKIFOueHHS JI0 anaparypy, yHIBEpCaabHICTh Ta
MPOCTOTY MOAANBINOT MOAUDIKAIIT AJITOPUTMIB POOOTH.

O0’exTOM DOCHIKEHHS € 3aC00U TOKAa30BO1 MEIUIIMHU.

[IpenMeToM — CTaTUCTUYHI METOJIM aHATI3Y JaHUX B JOKA30BIH MEIUIIMHI.

Meroto poOoTH € 3a0e3reueHHs] JOCTOBIPHOCTI BUCHOBKIB CTaTUCTUYHOTO
aHami3zy iHGopmalii [UIIXOM CTBOPEHHA MPOTrpaMHOI CHUCTEMHU MOIYIIB
CTATUCTUYHOI 0OpOOKH 3 MOMEPEIHbOI0 aBTOMATUYHOIO MEPEBIPKOIO BIAMOBITHUX
KpUTEPIiB iX BIKUBAHOCTI.

JIist JOCSTHEHHSI TOCTAaBJIEHOI METH, OyJM BU3HAUEHI HACTYIHI 3aBJaHHS
JIOCIIHKEHHS

- AHAJNITUYHUI OIS ICHYIOYMX CTATUCTMYHUX METOJIB 1 aJrOpUTMIB
00poOKu 1H(pOopMaIlii 115 JOKA30BO1 MEIUIIMHH;

- po3po0Ka MepeBOMNOIIOHOT apXITEeKTypH MPOTPAMHOI CUCTEMHU 3 BY3JIaMU

MPUHAHATTS PillICHb Ta AJITOPUTMIB MOAYJIIB CTATUCTUYHOTO aHAJI3Yy;
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- peanizamis B cepemoumii NI LabVIEW po3po0GiieHux anroputmis
CTaTUCTUYHOTO aHAJII3y 3 MOTEPETHHO0 aBTOMATHYHOO MEPEBIPKOIO BiAMOBITHIX
KPUTEPIiB 11010 MOXJIUBOCTI 1X 3aCTOCYBaHHS.

Buxopuctanas aBTOMaTH30BaHOi CHCTEMHU MJIsi BUABIEHHS CTAaTHCTUYHHUX
3B’SI3KIB Ta CTAaTUCTUYHO JOCTOBIPHUX PE3yJbTaTiB BIUIMBY (aKTOpiB MOXKe
3MEHIIUTH KUTbKICTh TOMUJIKOBUX PE3YNbTATIB B JIOKA30BI1 METUIIMHI, OCOOIMBO
IIPH ITUPOKOMY JOCTYIII IO TAKOi CHCTEMH.

Knro4osi cioBa: mokaszoBa MeauumHa, craTuctuuHui a”aini3, NI LabVIEW,

KpUTEP1i BXUBAHOCTI, IEPEBO PIIICHb, aBTOMATHU3AL1S1 JOCIIIKEHb.
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LIST OF SYMBOLS, UNITS, ABBREVIATIONS AND TERMS

NI LabVIEW — National Instrument Laboratory Virtual Instrument Engineering
Workbench

MS — Microsoft

U- test — Wilcoxon - Mann — Whitney test

F-test — Fisher test

t-test — Student's test

ANOVA — Analysis of variance
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INTRODUCTION

Relevance: One of the main methods of obtaining scientifically reliable data
in the biomedical sector are evidence-based medicine. It is based on statistical
methods of information analysis [1 — 52]. But, according to some studies [53-56], a
lot of conclusions made by this method are erroneous. This is due to the
complexity of statistical analysis mathematical apparatus, primarily the criteria and
limits of possible use of statistical tools, and the insufficient level of their mastery
of biomedical specialists.

There are a number of computer software packages that facilitate the use of
statistical methods of information processing, but the problem remains, because for
correct use of specific tools from these packages, professionals still need to know
quite deeply and check the necessary conditions.

It should be emphasized that the consequences of erroneous conclusions in
evidence-based medicine may be quite dangerous because they relate to human
health. Reducing the likelihood of errors is very important.

Purpose: ensure the reliability of the statistical analysis conclusions by
creating a software system of statistical processing modules with prior automatic
verification of the relevant criteria of their usability.

The object of research is the methodology of evidence-based medicine.

The subject of research is statistical methods of data analysis in evidence-
based medicine.

Based on the purpose for this work, the following tasks were set:

1. Analytical review of existing statistical methods and algorithms for
information processing for evidence-based medicine;

2. Development of tree-like architecture of software system with decision-
making nodes and algorithms of statistical analysis modules;

3. Implementation in the NI LabVIEW environment of statistical analysis
algorithms with preliminary automatic verification of the relevant criteria for their

applicability.

JIuct
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Research methods. NI LabVIEW was chosen as the software development
environment, which is currently an informal standard in the field of biomedical
instrumentation and biomedical research and is easily integrated into most modern
software and hardware systems [57-59]. The computer software system was built
in the form of a tree, where nodes automatically check conditions and criteria for
specific statistical methods, branching to next nodes of the algorithm, and the final
node of chain draws statistical conclusions.

The use of an automated system to detect statistical relationships and
statistically significant results of the influence of factors can reduce the number of
erroneous results in evidence-based medicine, especially with widespread access to

such a system.

JIuct
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SECTION 1
ANALYTICAL REVIEW OF STATISTICAL METHODS
FOR EVIDENCE-BASED MEDICINE

1.1 The concept of evidence-based medicine

Evidence-based medicine, according to the most popular definition, is the
conscious, clear use of the best available evidence to make decisions about care for
specific patients. This definition is not complete because the subject misses an
important aspect of evidence-based medicine — the use of mathematical methods. It
was therefore formulated a different definition: "Evidence-based medicine — a
strengthening of traditional skills in medical diagnosis, treatment, prevention and
other areas through systematic formulation and application on mathematical
probability and risk assessments".

One of the main means of obtaining scientifically reliable data in evidence-
based medicine is statistical methods of information analysis. At the current stage
of development of medicine, statistical analysis is an integral part of almost any
study and only with its help it is possible to supplement the evidence base. The
most significant results of research are made on the basis of the comprehensive and
carefully carried out statistical analysis in which rather difficult algorithms are
used. According to some studies [53-56], a lot of conclusions made by these
methods are erroneous. This is due to the complexity of statistical analysis
mathematical apparatus, primarily the criteria and limits of possible use of
statistical tools, and the insufficient level of their mastery of biomedical specialists.

There are many software tools that provide this analysis. This is, for
example, in the simplest case, MS Excel or a more functional package
STATISTICA (StatSoft). These tools meet the needs of the scientific and
technical field, where specialists know the basics of mathematics, but are often a
source of errors in biomedicine, which is due to the unjustified use of statistical

analysis without checking the criteria of their applicability. It should be

JIuct
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emphasized that the consequences of erroneous conclusions in evidence-based
medicine can be quite dangerous.

The Table 1.1 lists the traditional means of statistical data processing, the
circumstances that accompany such studies, the criteria to be met, and the
methods of drawing appropriate conclusions.

Typical statistical studies involve the detection of the influence of a factor on
the experimental group. Moreover, depending on the situation, the effect can be
investigated using control and experimental groups, or on the basis of one group
before and after the action of this factor. The influencing factor may be numerical
or non-numerical, the statistical distribution of the measured value may be
Gaussian or not, the variance of the samples may be the same or not.

The table shows how many factors a researcher must consider to make a
statistically significant conclusion. This requires a fairly deep knowledge of
mathematical principles, which is not always present in medical professionals.

Therefore, despite the existence of a number of computer software
packages that facilitate the use of statistical methods of information processing,
the problem remains, because for the correct use of specific tools from these

packages, professionals still need to know and check the necessary conditions.

JIuct
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1.2 The variants of applied problems of statistical analysis

In Table 1.1 the variants of applied problems of statistical analysis in various
conditions and the corresponding methods are presented in a visual form.

The leftmost column is the formulation of the problem in the application area.

The next column — formulation of this problem in the terminology of
statiscal literature.

Column "Additional Terms" allows to refine the choice of method
depending on the characteristics of problem and data.

The last column — a list of methods that are appropriate to certain set of
conditions.

Table 1.1 — Traditional means of statistical data processing

Formulation| Formulation
of the of the
problem in [problem in a Additional terms Applied method
the applied | statistically
setting statement
Dispersions of | Student's t-test
c . Testing th the samples are for equal
ofmpartlscl)n h est'r?gF ef Normal law equal variances
0 ;(r)]ré ro ;épo aI?tSIZfO distribution Dispersions of [Student's t-test for
) quaiity the samples [unequal variances
experimentall means |
samples | (distribution ——— _unequa .
Law distribution Dispersions of | Mann - Whitney
centers) two | ..
. different from normal, | the samples are (U- test of
independent . ) .
samples or dat_a is measured in equal Wllcoxo_n - Mann -
discrete scale Whitney)
Without the Wilcoxon two-
assumption samples median
about test
dispersions
Comparison Testing the Normal distribution law Student's t-test for
P hypothesis of dependent
of samples )
before and equality of samples
after means in two | The distribution law is different from the| Wilcoxon signed
: dependent normal or data are measured in a rank test
experiment )
samples discrete scale

JIuct
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Continuation of table 1.1

Testing the Normal distribution law F-test (Fisher)
hypothesis of — — .

' equality of The distribution law is different fr(_)m the| Siegel - Tukey,
Compf’ﬂlson variances normal or data are measured in a Moses
dci);rgrelrcrjlsci:saoiz (belonging of discrete scale
two samples variances to

the same
general
population)
Testing the | Correlation Normal distribution law Pearson’s
hypothesis analysis correlation
about the The distribution law is different from the Spearman’s
presence of normal or data are measured in a correlation
correlation discrete scale
between the
variables
Testing the | Analysis of ANOVA,
hypothesis | variance F-test (Fisher)
about the (ANOVA)
presence of
the influence
of a factor
on a statistic

Consider the variants of applied problems of statistical analysis in Table 1.1.

« Comparison of indicators of control and experimental samples. There are

two independent samples in which the average values of some parameters need to

be compared. For example, the two groups of patients, which are treated by various

methods.

Formulation of the problem in a statistically statement — testing the

hypothesis of equality of means (distribution centers) two independent samples.

For this task, there may be four options for additional conditions:

1) The data in the samples are distributed according to the normal law and

dispersions of the samples are equal. In this case, it is necessary to apply

Student's t-test for equal variances.

2) The data in the samples are distributed according to the normal law but

dispersions of the samples unequal. In this case, it is necessary to apply

Student's t-test for unequal variances.

JIuct
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3) Law distribution of data different from normal, or data is measured in
discrete scale and dispersions of the samples are equal. In this case, it is
necessary to apply Mann — Whitney method (U- test of Wilcoxon - Mann
- Whitney).

4) Law distribution of data different from normal, or data is measured in
discrete scale and there is no information about the equality of variances.
In this case, it is necessary to apply Wilcoxon two-samples median test.

» Comparison of sample indicators before and after the experiment. In this
case, we are dealing with the so-called linked samples. In the literature, you can
also find the expression "samples that are naturally divided into pairs”. For
example, the value of a certain indicator in the same group of patients before and
after treatment.

Formulation of the problem in a statistically statement — testing the
hypothesis of equality of means in two dependent samples.

For this task, there may be two options for additional conditions:

1) The data in the samples are distributed according to the normal law. In
this case, it is necessary to apply Student's t-test for dependent samples.

2) Law distribution of data different from normal, or data is measured in
discrete scale. In this case, it is necessary to apply Wilcoxon signed rank test.

» Comparison of dispersion of the indicator in two samples. In some
biological experiments, it is not the average value of the indicator that is important,
but its dispersion. For example, for the subsequent selection of new varieties, it is
necessary to select such a type of influence on seeds so that the dispersion of traits
Is greatest. Or, it is necessary to choose a drug (treatment method) in which the
dispersion of a controlled symptom after application will be minimal.

Formulation of the problem in a statistically statement — testing the
hypothesis of equality of variances (belonging of variances to the same general
population).

For this task, there may be two options for additional conditions:

JIuct
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1) The data in the samples are distributed according to the normal law. In
this case, it is necessary to apply F-test (Fisher).

2) Law distribution of data different from normal, or data is measured in
discrete scale. In this case, it is necessary to apply method Siegel-Tukey, Moses.

» Testing the hypothesis about the presence of correlation between the
variables, that is checking the presence of a linear relationship between the values
of one random variable and the mean values of another.

Formulation of the problem in a statistically statement — correlation analysis.

For this task, there may be two options for additional conditions:

1) The data in the samples are distributed according to the normal law. In
this case, it is necessary to apply Pearson’s correlation testing.

2) Law distribution of data different from normal, or data is measured in
discrete scale. In this case, it is necessary to apply Spearman’s correlation testing.

 Checking the presence of the influence of some factor (usually of a non-
numerical nature) on a random variable of a numerical nature. For example, does
the diet of feeding livestock affect their weight gain.

Formulation of the problem in a statistically statement — analysis of variance
(ANOVA).

The point is to compare the variance in samples due to random causes with
the variance due to the influence of some factor. If they differ significantly, then
the factor has a statistically significant effect on the studied value.

For this task must be use F-test (Fisher).

JIuct
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1.3 Traditional means of statistical data processing

Normal distribution law

This law is widely used in probability theory and mathematical statistics.
The standard normal distribution is the distribution with zero mathematical
expectation and unit variance. Almost all parametric statistics are based on the
normal distribution law. This is due to the fact that most of the distributions used to
test statistical hypotheses (Fisher, Student, etc.) are only transformations of the
normal distribution law [60-62]. The widespread application of the normal
distribution law accordingly needs to be explained. The origin of the normal

distribution law

1 2 2
(X) - X /(204)
P \V2mo?

is attributed to the limit theorems on the sums of independent random variables. If
instead of a random variable we consider a random vector with independent
coordinates x;
x ={xq, ., X}
and the distribution density p(x) independent of the direction x, these assumptions
are sufficient to guarantee the normal distribution of all x;. Coordinate
independence means
p(x) = pi(x;) ... D (X)),
and the independence of p(x) from the direction x is the constancy of the
distribution p(x), as well as its logarithm
Inp(x) = Inp;(x) + - + Inp,(x)
on spheres x#+...+x2= const. In other words, these functions have the same level
surfaces, which in turn is possible only when their normals (gradients) are collinear
(equally or oppositely directed).

The average absolute deviation is found by thg formula:
i1l Xi — X (1.1)
N

Agps=
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Also, in order to check the normality of the distribution, it is enough to check the
following conditions [60-62]:
(1.2)

Aabs

0.7979]| < 04
' VN

Correlation

Correlation is a characteristic of the closeness (strength) of the relationship
between variables, expressed in a single number. This characteristic is called the
correlation coefficient, usually denoted by the letter r. The correlation coefficient can
take values from -1 to +1. The correlation coefficient sign indicates the direction of
communication (forward or reverse), and the absolute value indicates the closeness of
the relationship. The coefficient is equal to -1, determines a strong relationship, the
same as in case 1. In the absence of a relationship, the correlation coefficient is zero.

Figure 1.1 shows examples of dependencies and their corresponding values of r.
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Fig.1.1 — Types of correlation
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Rank correlation

Rank correlation is analogous to pairwise correlation for those cases when
the values of the relationship, between which you want to check, are not presented
in the scale of relations, but in any other. This situation most often arises when we
are dealing with subjective assessments of objective phenomena that cannot be
measured, i.e. with expert assessments. In addition, rank correlation is also used in
cases, where the distribution law of the studied variables is not Gaussian (hormal).

Correlation coefficients are called rank, because before calculating the
values of the variables are converted into ranks. To do this, the available values of
the variables are placed in a ranked series. Then each value is assigned a rank from
1 to N, where N is the number of analyzed objects. In that case, if several elements
have the same rank, then each of them is assigned an average of the values
occupied by them.

Remark:

« All observations should be statistically independent.

« All values of observations are taken from one two-dimensional population,
ie X and Y must be equally distributed. There are several different ways to find the
values of rank correlation coefficients. One of the most commonly used is

Spearman’s correlation coefficient (p, sometimes denoted as r).

Spearman’s rank correlation coefficient

The Spearman coefficient is based on the formula

6 XiL1(Ri; — Ry)?
nd—n

where R;; Ta R,;are the ranks of the i-th object for each of the compared variables.

p(A,B) =1-—

This coefficient is a complete analogue of the pairwise correlation

coefficient after conversion, that can be represented as

n+1 n+1
4B 1 1Ry — 5 ) (R — )
pl4, = 1= 1

3 (° —n)
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To test the significance of Spearman's rank correlation coefficient at n> 9,
we can use the Student's t test. Validation for the general case is performed using

special tables.

Test of statistical hypotheses

For the practical application of the methods of probability theory and
mathematical statistics, knowledge of the law of probability distribution is
extremely important. In fact, the studied random variable for the scientist is
represented only by the law of distribution of probabilities of realization of its
values. Attempting to apply observational analysis methods developed for specific
probability distribution laws in conditions where the real distribution differs from
the hypothetical one is the most common error in practice, leading to incorrect
conclusions and, ultimately, to significant material loss and time. That is why any
processing of the results of observations should begin with the answer to the main
question: what is the probability distribution of a number of random variables
under study? In practice, this problem is usually formulated as follows. The
hypothesis is put forward - “the observed distribution of random variables is
described by some specific law (normal, exponential)".

The task of the primary study is to accept or reject the hypothesis.

Statistical is the hypothesis about the type of unknown distribution, or about
the parameters of unknown distributions. For example, hypotheses will be
statistical:

1) The general population is distributed according to the law of normal
distribution;

2) The variances of the two normal sets are equal to each other.

The first hypothesis assumes the type of unknown distribution, and the
second — the parameters of two known distributions.

Together with the proposed hypothesis it is required to consider its
contradictory hypothesis. if the hypothesis is rejected, then the opposite hypothesis
Is accepted. Therefore, it is important to be able to distinguish them.
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The null hypothesis is called the advanced hypothesis HO.

An alternative hypothesis is called H1, which contradicts HO.

For example, if the null hypothesis is that the mathematical expectation o of
the normal distribution is 15, then the alternative hypothesis may state that, o # 15.
In short, it is written as follows: HO: o = 15; H1: o # 15.

The hypothesis may be correct or incorrect, so it is necessary to test it.
Because the test is performed by statistical methods, it is called statistical. As a
result of statistical verification in two cases the wrong decision can be made, ie
mistakes of two kinds can be admitted.

The first kind of error is that the correct hypothesis will be rejected.

The second kind of error is that the wrong hypothesis will be accepted.

The probability of making a mistake of the first kind is usually denoted as o;
it is called the level of significance. Most often, the level of significance is taken
equal to 0.05 or 0.01. If, for example, the accepted level of significance is 0.05, it
means that in five cases out of a hundred we risk making mistakes of the first kind,
I.e. rejecting the correct hypothesis.

To test the null hypothesis, a specially selected random variable is used.
This variable is denoted by U or Z, if it is distributed normally; F, if distributed
according to Fisher's law; T — according to Student's law, y2 — according to the
law "chi square”. In the general case, this variable is denoted by K. A random
variable K is called the statistical criterion, which serves to test the null
hypothesis. For example, if the hypothesis of equality of variances of two normal
general populations is tested, then the criterion K is taken as the ratio of corrected

sample variances:

2
S1
F=—2
S2

This value is random because, in different studies of variance, will take
different, previously unknown values. To test the hypothesis using the sample data,
specific values of the parameters in the criterion are calculated, and thus their

observed value is obtained.
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After selecting a certain criterion, the set of all its possible values is divided
into two non-intersecting subsets: one of them has the value of the criterion in
which the null hypothesis is rejected, and the other — in which it is accepted. The
critical area is called the set of values of the criterion at which the null hypothesis
Is rejected. The area of acceptance of the hypothesis is called the set of values of
the criterion under which the hypothesis is accepted. The basic principle of testing
statistical hypotheses can be formulated as follows: if the value of the criterion
belongs to the critical area — the hypothesis is rejected, if the value of the criterion
belongs to the area of acceptance of the hypothesis — the hypothesis is accepted.
Since the criterion K is a one-dimensional random variable, all its possible values
belong to a certain interval. Therefore, the critical region and the area of
acceptance of the hypothesis are also intervals and as a consequence there are
points that separate them. Critical points (boundaries) k. are points that devides the

critical area from the area of acceptance of the hypothesis.

Comparison of two variances

In practice, the problem of comparing two variances arises when you want to
compare the accuracy of instruments, tools, measurement methods themselves.
Obviously, it is better to use the device or method that will provide the least
possible scattering of measurement results, i.e. the lowest variance.

Let the general sets X and Y be distributed normally. From independent
samples n; and n; of these sets corrected sample variances s# and s¢ were found. It
IS necessary, at a given level of significance a, to test the null hypothesis, which is
that the general variances of the aggregates under consideration are equal to each
other:

Hy,: D(X) = D(Y)

Considering, that the corrected variances are unbiased estimates of the

general variances
M[sz] =D(X),  M[s{]=D(Y)
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the null hypothesis can be written as follows.
Ho: M[s3] = M[s?]

Comparison of two average normal general populations, whose variances are
unknown and identical.

Let the general sets X and Y be normally distributed, and their variances are
unknown. For example, it is not possible to obtain good estimates of general
variances from small samples. For this reason, the method of comparing averages
cannot be applied.

However, if we additionally assume that the unknown general variances are
equal to each other, then we can build a criterion (Student's) for comparison of
averages. If there is no reason to believe that the variances are the same, then
before comparing the averages, you need to use Fisher's test to pre-test the
hypothesis of equality of general variances.

Assuming that the general variances are the same, the null hypothesis should
be tested, i.e. the sample averages found in the independent small samples of
volumes n and m should be significantly or not significantly different. As a

criterion for testing the null hypothesis take a random variable

-

_ X-Y nm(n+m-—2)
- /= DSZ+ (m— 1)SZ

n+m

It is proved that the value of T when confirming the null hypothesis has

t-Student's distribution with k = n+m-2 degrees of freedom.

Hypothesis about the significance of the sample correlation coefficient

Let the two-dimensional general population (X, Y) be normally
distributed. From this set, a sample of volume n was selected and a sampling
correlation coefficient rs was found, which will be nonzero. Since the sample
was chosen randomly, it is not yet possible to conclude that the correlation

coefficient of the general population ris also nonzero.
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It is necessary, at a given level of significance o, to test the null
hypothesis HO : .= 0 about the equality of zero of the general correlation
coefficient, with the competing hypothesis H1 : ,.# 0.

If the null hypothesis is rejected, it will mean that the sample correlation
coefficient is significantly different from zero, and X and Y are correlated, i.e.
related by a linear relationship.

If the null hypothesis is accepted, then the sample correlation coefficient
Is insignificant, and X and Y are not correlated, i.e. not related by a linear
relationship.

As a criterion for testing the null hypothesis take a random variable

n—2

T=r,——
*J1- r2
The value of T, if the null hypothesis is valid, has a Student's distribution

with k = n — 2 degrees of freedom.

Test the hypothesis of the normal distribution of the general population

If the distribution law is not known, but all grounds to assume that it has a
certain type (type A), then test the null hypothesis: the general population is
distributed according to law A.

Testing the hypothesis of compliance with a law of unknown distribution
is carried out in the same way as testing the hypothesis of distribution
parameters, i.e. using a specially selected random variable — the criterion of
consistency.

The criterion of consistency is the criterion for testing the hypothesis of
the proposed law of unknown distribution. There are several consistency

criteria: x2 (“chi square"), Pearson, Kolmogorov, Smirnov and others.
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Perform comparisons of empirical (observed) and theoretical (found in the
proposed normal distribution) frequencies. Usually empirical and theoretical
frequencies differ.

It is possible that the difference in frequencies is random (insignificant)
and is due to the small number of observations or the way they are grouped, or
other reasons. Perhaps the difference in frequencies is not accidental
(significant) and then the null hypothesis must be rejected.

Pearson's criterion answers this question. However, like any other
criterion, it does not prove the truth of the hypothesis, but only establishes at the
accepted level of significance, its consistency or inconsistency with the
observational data.

Suppose that a certain empirical distribution is obtained in the sample of
volume n. Suppose that under the assumption of a normal distribution of the
general population, the theoretical frequencies n; are calculated. At the
significance level a, you need to test the null hypothesis: the general population

is normally distributed. As a criterion for testing the hypothesis, we take a

2 _ z (n; —ny)?
X —n§

This value is random, because in different experiments it takes different

random variable

previously unknown values. Obviously, the less the empirical and theoretical
frequencies differ, the smaller the value of the criterion and, as a consequence, it
to some extent characterizes the closeness of the empirical and theoretical
distributions. If you square the differences in frequencies, the possibility of
mutual repayment of positive and negative differences is eliminated.

It is proved that for n — oo the distribution law of a random variable,
regardless of the distribution law of the general population, goes to the
distribution law x2 with k degrees of freedom. Therefore, the random variable is
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denoted by %2, and the criterion itself is called the criterion of agreement "chi
square".

The number of degrees of freedom is found from the equality k = s —1 —
r, where s is the number of groups (partial intervals) of the sample; r is the
number of distribution parameters proposed, which are estimated from the

sample.

Comparison with unknown unequal variances

The problem of comparing the averages of two normally distributed sets
with unknown and unequal (according to sample estimates) variances is known
as the Behrens — Fisher problem, named after the authors who first formulated
it. There is no exact solution to this problem so far. In practice, various
approximations are usually used, one of which is a paired t-test for comparing
averages.

The criterion value is calculated by the following formula

t = (Xl_XZ)
S, S
Nl NZ

where N;, and N, - the size of the first and second samples; S and S2—

empirical variances.

Paired t-test for comparing averages

Suppose there are two samples of random variables of the same volume n,
the values of which are arranged in the order of their observation. It is necessary
to test the hypothesis of equality of averages in these samples. In such a
formulation, a two-sample problem can be formulated as a single-sample
problem if we consider the difference y; = x,; — x,,, of the observed pairs as a
random variable.

The statistics of the criterion are similar to the usual Student's statistics
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- 1 1 -
where y = ~i=1Yi; 332/ = i —9)?
Testing the null hypothesis is completely similar to the usual Student's

test.

Comparison of two variances. Fisher's criterion

For two samples of normally distributed random variables Xi... X, Y1... Ym
it is necessary to test the hypothesis of equality of variances 12 and o,?, based
on their sample estimates s;% and s,

Fisher's criterion statistics are written as F = (s12) / (s22).

If the null hypothesis HO : 1% = 6,2 is valid, the criterion statistics has a
Fisher distribution with k; = n-1 and k, = m-1 degrees of rim, where n and m are

the volume of samples to be compared.

Nonparametric criteria for statistical homogeneity

In cases where assumptions about the hypothetical probability distribution
law do not seem convincing, other methods should be used to compare random
variables and test hypotheses about their significance.

Any distribution can be described by a position parameter characterizing
the grouping center of some random variables and a scale parameter
characterizing the degree of scattering of random variables relative to the
grouping center (for example, in the case of a normal distribution they are mean
u and standard deviation o, respectively). When the distribution law is
unknown, hypotheses about position and scale parameters are tested using
special offset and scale criteria.

If fi(x) and f,(x) are unknown probability densities, then the

displacement hypothesis is written as: HO: f;(x) = f,(x) against the alternative
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H1l: fi(x) = f,(x —A), or HO: A = 0 against the alternative H1: A # 0, where A
Is the shift determined by the difference of the distribution position parameters.

Hypotheses about the difference in variances are formed as hypotheses
about scale parameters. For example, if f;(x) = %f(x%“) and f,(x) = f(x —

w), then the hypothesis about the scale parameter is written as HO: t = 1 against
the alternative H1: T # 1.

The advantage of non-parametric (free from distribution) methods of
testing statistical hypotheses is their calculated simplicity. However, the power
of statistical criteria based on them is inferior to similar parametric criteria (eg,

Student's, Fisher's, etc.).

Rank criteria for displacement

Rank criteria are based on a sequence of ranks of sample values of
random variables. In this case, we do not consider the sample values
themselves, but their ranks, which are determined by the ordinal number of the
sample element in the general order, in ascending order. For example, in an
ordered sample x; < x, < -+ < x,, the sample value x; is replaced by the rank

R =1.

Mann-Whitney—Wilcoxon test
Let X1 ... Xn and yi...ym be ordered in ascending order of the sample. To
test the bias hypothesis, Mann and Whitney proposed a ranking criterion based

on statistics.

m

1,x; <vyi;
UZZZhU’; where hif={0x2>§j--

n
i=1j=1
Here U is the exact number of pairs of values x; and y; for which x; < y;

If Ui(a) < U < Uy(a), the displacement hypothesis is rejected.

JIuct

BM73.07.3105.48/21-CIL.N3

13M.

JIuct [Ne moxkym. [[limnuc  |ara




31

The Mann-Whitney U-statistic is related to Wilkson's statistics, which are
determined by the sum of the ranks of the elements of one sample in the general
ordered sequence of elements of the joint sample of volume (n + m):

nn+1) B

R =mn +
mn 5

When n, m> 20 apply the approximation

nn+m+1)
k- 2
W =
Jnm(n+m+1)
12

The statistic W is approximated by the normal distribution, and the bias

hypothesis is rejected with confidence a if [W| > ure,

If there are matching values in the two samples being compared, it is
recommended that they be assigned average ranks (arithmetic mean for each
series of consecutive ranks). Thus in a denominator of statistics use value

it (2 = 1)
_(m+n)(m+n—1)(m+n+1)}

1/2

nmn+m+1)
12

where k is the total number of groups of matching quantities; t; - the number of

matching values in the i-th group.
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Conclusions to the section 1

Statistical method of information analysis is one of the main means of
obtaining scientifically reliable data in evidence-based medicine is. But there are
difficulties associated with the insufficient level of mathematical training of
medical specialists. This is due to the complexity of statistical analysis
mathematical apparatus, primarily the criteria and limits of possible use of
statistical tools.

The list of methods of statistical analysis, that researcher should know,
demonstrates the complexity of mathematical tools and is the basis for formulating
the tasks of the thesis.
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SECTION 2
TREE-LIKE ARCHITECTURE OF SOFTWARE SYSTEM

2.1 The proposed algorithm for solving the problem

The Table 1.1 and the following material shows how many factors a
researcher must consider to make a statistically significant conclusion. This
requires a fairly deep knowledge of mathematical principles, which is not always
present in medical professionals.

Therefore, despite the existence of a number of computer software
packages that facilitate the use of statistical methods of information processing,
the problem remains, because for the correct use of specific tools from these
packages, professionals still need to know and check the necessary conditions.

The aim of the work was to create a software system that implements the
most commonly used tools of statistical analysis, but at the same time provides
verification of the necessary criteria and the limits of their use in automatic mode.
Thus, the user is not required to know the appropriate mathematical apparatus,
the system will automatically select the optimal statistical methods and draw
conclusions according to specific conditions, significantly reducing the likelihood
of errors.

To solve this problem, it is proposed to construct a tree-like structure of
subroutines representing specific statistical methods, and in the nodes of this tree
there are decision-making tools — branches based on the analysis of the
conditions of their applicability (Figure 2.1).

The input of the system is two arrays of values, which are two samples of
random variables. The result of the system operation will be an assertion about a
statistically significant difference in the mean values of random variables in these
samples or the absence of such a difference. For example, this may be evidence
of the effect of a drug on the patient's blood pressure. Moreover, the samples can

be either two groups of patients (experimental — under the influence of the drug
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and control — without it), or one group (before and after exposure to the drug).
The second case is called linked samples or samples, which are naturally divided
into pairs, and the statistical criteria in this case are also different [60—62]. The
applied statistical methods also differ for the cases of the normal distribution law
of random variables and the distribution law other than normal; for samples with
the same and different variances. In the case of a distribution law other than
normal, a special statistical method is used, when the values of not the random
variable itself are analyzed, but its ranks.

Such a variety of possible situations and the statistical methods and criteria
used in this case required the creation of a software system in the form of a tree
structure with nodes for making decisions on the ways of further program execution.

In each node of such a structure, the user receives information about the
results of checking the parameters of the applicability conditions of specific
methods with appropriate branching recommendations. In parallel, along the
route, information is available about the equality or difference of variances, about
the variety of the distribution law, etc.

The aforementioned decision tree, algorithm and program code can be
conditionally divided into 12 main modules, which semi-automatically switch
during program operation based on the corresponding decisions in the tree nodes.

The sequence of execution of system modules is as follows (Figure 2.1):

- in module 1 branching occurs into module 2 or module 7, depending on
whether the samples presented in the arrays are independent or interconnected; it
Is implied that either influence of the factor is studied on the experimental and
control group, or on one group — before and after influence of the factor;

- in module 2 the normality of the law of data distribution in arrays is
checked; if both samples are distributed according to the normal law, then
transition occurs to module 3, otherwise — to module 6;

- the module 3 checks uniformity of variances of the input samples by

Fisher's test; depending on the result, it is further proposed to branch to module 4

JIuct

BM73.07.3105.48/21-CIL.N3

13M.

JIuct [Ne moxkym. [[limnuc  |ara




36

(testing the hypothesis of equality of mean values of two samples by Student's t-
test for equal variances) or to module 5 (testing the hypothesis of equality of
average values of two samples by Student's t-test for different variances);

- in module 6 the test of hypothesis about the equality of average values of
two samples with a distribution law other than normal is implemented by ranking
the data and applying the two-sample Wilcoxon test;

- in module 7 the form of distribution law of both input arrays is checked
(for the case of connected samples) — is the distribution normal or not. Depending
on the result, it is proposed to move to module 8 (testing the hypothesis of
equality of mean values of two related samples by Student's t-test) or to module 9
(application of non-parametric sign criterion);

- in module 10, the existence of a parametric correlation between input
arrays is checked, if the distribution law is normal, and the Pearson’s correlation
coefficient is calculated;

- in module 11, the existence of a rank correlation between input arrays is
checked if the distribution law is different from normal, and the Spearman’s rank
correlation coefficient is calculated,;

- in module 12 the one-factor analysis of variance (ANOVA) of input
arrays is implemented in order to detect the influence of the factor, that is to
identify a statistically significant difference between average values of the
samples by means of analysis of variance.

It should be noted that at each node of the tree structure, the conditions for
applicability of statistical methods are checked before transition to the
corresponding module occurs. And in each module, the statistical accuracy of the
conclusion is checked.

For example, in correlation analysis, not only the correlation coefficient is

calculated, but also the statistical accuracy of such a correlation is determined.
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2.2 Software development environment

NI LabVIEW was chosen as the software development environment,
which is currently an informal standard in the field of biomedical instrumentation
and biomedical research and is easily integrated into most modern software and
hardware systems [57— 59].

NI LabVIEW (National Instrument Laboratory Virtual Instrument
Engineering Workbench) is very convenient for applications that are created and
used not by programmers but by engineering professionals, including biomedical
engineers. Instead of text programming languages with complex syntactic rules,
the graphic language G is used here, which has a more familiar to engineers type
of block diagrams.

Additional advantages of the workbench are the presence of a large
number of built-in functions and routines, a wealth of developed and visual
elements for building interfaces, the ability to interact with other environments.

The convenience of combining with hardware for entering information
provides opportunities to create automated workstations for statistical processing,
and ease of programming — the ability to improve, configure and adapt the

software system to specific situations.
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Conclusions to the section 2

It is proposed software system that implements the most commonly used
tools of statistical analysis, but at the same time provides verification of the
necessary criteria and the limits of their use in automatic mode. Thus, the user is
not required to know the appropriate mathematical apparatus, the system will
automatically select the optimal statistical methods and draw conclusions
according to specific conditions, significantly reducing the likelihood of errors.

The advantages of using the software environment NI LabVIEW are
substantiated. A logical diagram of the system operation algorithm has been built
with a demonstration of the execution sequence. It is shown how the reliability of
statistical inferences is provided in an automatic mode by sequentially checking the

conditions of applicability of each method in the tree structure of the algorithm.
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SECTION 3
MATERIALS AND METHODS

3.1 System interface and principles of using the system

The appearance of the system interface is shown in Figure 3.1.
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Figure 3.1- View of the software system interface with direct display of input

data sets and with the results of the previous functional transformation

Here at the top there are 12 pages of the interface (bookmarks), which
correspond to execution of the above modules and are sequentially opened during
execution of the algorithm. At the bottom — the input data arrays, given for
illustration and settings, and in real circumstances can be entered automatically
from various devices or software.

Two options for displaying input data on the left and right screens
demonstrate a specially designed ability of the system to analyze either the input
data arrays directly, or the results of their preliminary conversion by almost any
function that can be simply entered in the interface window. In the example shown
in Figure 3.1 on the first screen you can see signs that between the input data
arrays there is a relationship similar to quadratic law, so on the second screen
instead of the data of one of the arrays enter their squares, then see the trend of

linearity of such data connection law. It is possible to select functions of
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preliminary transformation of input data either on a kind of curves on the screen, or
proceeding from physical essence of the investigated phenomena.

The result of each module is either a branch demonstration with an
explanation of reasons for a particular transition, or a statistical conclusion of an
algorithm. Thus, after selecting the functions of homomorphic transformation in
the first module, a branching take place due to the choice of the option regarding
the independence of samples or their connection. Next, the normality of the
distribution law of both samples is checked, then the equality of variances; each
combination of features uses its own statistical tool. Checks in the modules are
performed automatically using the appropriate statistical criteria.

The first tab (Figure 3.2) contains a window for entering data arrays, a
formula window for each axis (for the ability to visualize not only linear
dependencies), a window for visualizing data arrays, a button to recalculate and a

button "Stop” to end the program.
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Figure 3.2 — The first tab of the interface
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Further a dialog window appears, in which you need to specify whether the

samples are related (linked samples) (Figure 3.3).
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Figure 3.3 — Window for select whether the samples are related

The second tab (Figure 3.4) shows the results of the normality check for

ated samples (for related samples implemented in another tab module).

Separate windows with conclusions for the first and second arrays. Additionally, a

dialog box appears with a message about the results of the general inspection and a

further recommendation to which pages it is suggested to switch for further

operation of the program, it is tab 3 or tab 6, depending on the previous conclusion.

JIuct

BM73.07.3105.48/21-CIL.N3

13M.

JIuct

[Tinmuc  |dara

No moKyM.




42

X

Both samples have a normal distribution law, it is suggested to go to page 3

[.ToPage3 i To Page 6

Figure 3.4 — The second tab of the interface

The third tab (Figure 3.5) shows the results of the check for equality of
variances. A dialog box appears with the result for variances and a suggestion to
switch to tab 5.

X

The wvariance of the samples is unequal, it is suggested to go to page 5

E ToPaged ’ To Page 5

Figure 3.5 — The third interface tab

The fifth tab (Figure 3.6) displays the conclusions of the analysis of
hypotheses about the equality of the averages and proposes to continue the analysis
by considering the correlation of random variables or return to the first tab to
analyze the next problem. The fourth tab is for the same, but with equal variances.
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formity of variances
with equal variances
with unequal variances
differs from normal
Equality of means under
normal distribution law

Non-linearity
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Normal
distribution law'?
Checking the uni-
Equality of means
Equality of means
Distribution law
Normal
distribution law'?
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correlation
Ranked
correlation
Analysis of
variance
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Decision_

= X

§The hypothesis of equality of mean values of the samples is rejected
Proceed?

Correlation

Figure 3.6 — The fifth interface tab

The sixth tab checks if the distribution in the sample is different from
normal. In the window box hypothesis of equality of the average values of the
samples is accepted or rejected.

The seventh tab checks the normality of the distribution for related samples.
A separate window appears with conclusions for the first and second arrays (as
well as in the second tab).

The eighth tab tests the hypothesis of the equality of the averages at the
equal variances for the related samples.

The ninth module draws a conclusion on acceptance or rejection of the
hypothesis on equality of the average values of the samples, based on the criterion
of signs.

The tenth module is designed for parametric correlation. The values of the
correlation coefficient, the confidence interval and the conclusions of the
hypothesis of no correlation are drawn (Figure 3.7).

When the algorithm is finished, a dialog box appears for returning to the first
module or Analysis of variance.

The eleventh module displays information about rank correlation: correlation

value and confidence intervals for input arrays.
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Proceed?

[.ToPagel § ]Analﬁis ofvariancel

Figure 3.7 — The tenth interface tab, abour correlation

An example of display in the interface of one of the statistical conclusions
(analysis of variance) is shown in Figure 3.8.

Figure 3.8 — The 12-th interface tab, statistical conclusion of analysis of variance

Here in the text line it is stated that “The hypothesis of equality of mean
values of the samples is rejected”, and in the numerical indicators the values of
Fisher's calculated ratio and Fisher's critical ratio are given, on which basis this

statistical conclusion is made.
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3.2 Implementation of algorithm modules

The program has a tree structure. Block diagram of the program is shown in
Figure 2.1.

The program has 12 separate modules, and some of them have additional
sub-modules to simplify working with the main program code.

The first module reads the input data, visualizes the samples using built-in
routines, launches a dialog box to determine whether the samples are linked with

the subsequent transition to page two or seven, respectively (Figure 3.9).

H [0] "OK Button": Value Change —H

OldVval
NewVal

Y formula — B XY Graph

G
[

|
I

| | samples are related?|

g 2

alial

Tab Control

Figure 3.9 — Block diagram of the first module
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The second module checks the type of distribution of the two input arrays —
is the distribution normal or different from it (Figure 3.10). The module also
additionally uses the developed sub-device “norm distr” (Fig. 3.11). The conditions

and formulas described in section 1, formulas 1.1 and 1.2 are used.

1-th sample

XY Graph

Both samples have a normal
distribution law, it is suggested to
go to page 3

Not all samples have a normal
distribution law, it is suggested to
go to page 6

|

% Tab Control

Figure 3.10 — Block diagram of the second module
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Std Deviation and Variance.vi I

o
Ll v wgz ' I> le

Normal distribution?

Nkl
TF

Figure 3.11 — Block diagram of the subdevice "norm distr"

The third module implements the verification of the uniformity of the
variances of the input samples (Figure 3.13). The developed “Fisher” sub-device is
used (Figure 3.12). Depending on the result of the test, it is suggested to switch to
the fourth or fifth tab.

K

i123 “_IJ.

ET " ge Boolean
i K

Figure 3.12 — Block diagram for the sub-device "Fisher"

The sub-device is created in accordance with the formulas of section 1.3
“Comparison of two variances. Fisher's criterion”. The structure of the Case is used
to always have a ratio of greater dispersion to less, the degree of freedom of the

elements is reduced by one position the number of elements of the array.
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The variance of the samples is equal,
it is suggested to go to page 4
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page 5
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%— Tab Control

Figure 3.13 — Block diagram of the third module

The fourth module tests the hypothesis of equality of the average values of

two samples with equal variances (Figure 3.14).
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{roge s

XY Graph
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IThe hypothesis of equality of mean values of the samples is rejected ‘
A Decision
IThe hypothesis of equality of mean values of the samples is accepted ﬁ
ab<

To Page 1 |—I342]
[0 page 1] 4=
l*' Page 10 3 %_ Tab Control

Figure 3.14 — Block diagram of the fourth module

At the end of the program, the ability to go to the first page or to the
correlation analysis tab is implemented.

The fifth module (Figure 3.15) tests the hypothesis of equality of the mean
values of two samples with different variances and open a dialog box for further

work.
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o s B

XY Graph =+t

Decision_

IThe hypothesis of equality of mean values of the samples is rejected l— ]E
V
abc

IThe hypothesis of equality of mean values of the samples is accepted

(TIE)

2 g Tab Control
4 Page 10

Figure 3.15 — Block diagram of the fifth module

In the sixth module (Figure 3.16) a check is performed for the equality of the
average values of the two samples with an abnormal distribution due to the ranking
and use of the two-sample Wilcoxon test. Two additional sub-devices "W" (Figure
3.17) and "Rank 2 arr" (Figure 3.18) are built into the module.

In the substructure "Rank 2 arr" (Figure 3.18) the algorithm of ranking of
two arrays is executed. First, look for "bundles", i.e. check each cluster with each
in the 1st line. Then count how many times each value occurs; for each case of
similarity of values we sum in one shift register number of coincidences, and in the
second — the sum of indices from the second line of a cluster, then we divide value

of the second shift register by value of the first, thus we calculate average ranks of
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" bundles ", i.e. average value of those ranks, which they would have if they were
different in meaning. The calculated values of the ranks are written in the second
line of the cluster. We move the third line of the cluster (where the order of the
input array is preserved) to the first place, because the clusters are sorted by the
first line. We sort the array of clusters in the order of the input array, and then

select the second line, which contains the calculated data in the desired order.

|j "Page 6" :t]

| XY Graph
oozs] | —>
L=
Wi SO
Decision__

IThe hypothesis of equality of mean values of the samples is rejected ]— ﬁ
»
b
IThe hypothesis of equality of mean values of the samples is accepted ﬁ .

To Page 1 E9Z
(R
ICorreIation I'

Tab Control

/7

Figure 3.16 — Block diagram of the sixth module
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Figure 3.17 — Block diagram for the sub-device "W"
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Figure 3.18 — Block diagram for the sub-device "Rank 2 arr"
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In the seventh module (Figure 3.19) the normality check for connected input

data arrays is performed. It also, like the fourth module, uses the sub-device

"normdistr” to check the normality of the distribution, but after hanging on the

page, depending on the result, the transition to the eighth, if both samples have a

normal distribution, or to the ninth page, if one of the sample has abnormal

distribution.

XY Graph

Both samples have a normal
distribution law, it is suggested to
go to page 8

Not all samples have a normal
distribution law, it is suggested to

go to page 9

1-th sample
ﬁ
b
D
2-th sample
ﬁ
abc

[erege i T——
w2

Tab Control

Figure 3.19 — Block diagram of the seventh module

In the eighth module (Figure 3.20) the hypotheses about the equality of the

averages in the case of related samples with the normal distribution law are tested.

13M.

JIvct

No moKyM.

[Tinmc

JTaTa

BM73.07.3105.48/21-CIL.N3

JIuct




54

the sum of the
7 sample differences
XY Graph — ¥

the sum of the
squares of the
sample differences

IThe hypothesis of equality of mean values of the samples is rejected }—

Decision:
|The hypothesis of equality of mean values of the samples is accepted ﬁ

S(x-v)
p |

N (3.10) |*Page1

2

(E(x ~-v,)

—y) - W
N(N - 1)

EFly

Figure 3.20 — Block diagram of the eighth module

In the ninth module (Figure 3.22) the hypotheses about the equality of the
averages in the case of related samples with the law of distribution different from

the normal one are tested. This tab also uses the «Bin» subroutine (Figure 3.21)

- L >
. NE
ge— o 5>y

Figure 3.21 — Block diagram for the sub-device "Bin"
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Figure 3.22 — Block diagram of the ninth module

The sub-device “Bin” implements the criteria of signs described in section

1.3. The tail area of the binomial distribution is calculated; the developed device

calculates the integral binomial distribution.

Block diagrams of modules that perform correlation analysis for two

situations — the normal law of sample distribution and the law other than normal,

are located in tenth and eleventh modules and are shown, respectively, on Figure

3.23 and Figure 3.24. The modules additionally use the sub-devices "Correlation"

(Figure 3.25) to calculate the Pearson correlation coefficient of two arrays and

"Rang for Spirmen" (Figure 3.26), which performs the ranking of input data sets.

In the module of Figure 3.23 the detection of parametric correlation is

realized and the Pearson correlation coefficient is calculated by the formula

13M.

JIvct

No moKyM.

[Tinmc

JTaTa

JIuct

BM73.07.3105.48/21-CIL.N3




56

|Confidence interval
L{pDBL]|

XY Graph

|Corre|ation coefficient rI :

~PDEL H
IThe hypothesis of no correlation is rejected I—-—
IThe hypothesis of no correlation is accepted

)

l Analysis of variance}J

[Prageih

2l 5
7 o,
&
(o]

-5

;

1

% Tab Control
|“ Page 12 3

Figure 3.23 — Block diagram of the tenth module

But then the statistical accuracy of the result is checked, i.e. the hypothesis
of equality of the correlation coefficient to zero is tested. The interface displays
conclusion about the presence or absence of a correlation, the value of correlation
coefficient and the half-width of confidence interval for it.

In the module of Figure 3.24 the detection of rank correlation is realized and

the Spearman rank correlation coefficient is calculated by the formula
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tables of Spearman's statistics.

Figure 3.24 — Block diagram of the eleventh module

After calculations, the significance of result is checked according to special
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Figure 3.25 — Block diagram for the sub-device "Correlation"
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Figure 3.26 — Block diagram for the sub-device "Rang for Spirmen”

Block diagram module, that implements the analysis of variance and located
in twelfth module, is shown in Figure 3.27.

The module calculates actual Fisher ratio MSa / MSe — the ratio of variance,
which is explained by the influence of factor (intergroup), and unexplained
variance (intragroup), and compares with the critical value of Fisher for the
appropriate number of degrees of freedom and a given level of significance. The
calculated indicators are displayed on the front panel, and based on the result of the

comparison, a statistical conclusion is made about the acceptance or rejection of
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the hypothesis about equality of the arrays average values. This output is also

displayed on the interface panel.

d “Page 12" :h
Tab Control
= I'!i
>
0}l 732
o] >
=
OK Button
Lok b
a8
IThe hypothesis of equality of mean values of the samples is accepted I—L [Solutions for analysis of variance |
L Fabc
IThe hypothesis of equality of mean values of the samples is rejected
- —12 Tab Control
4+ Page 12 -
-
—
@ oy 5 @

Figure 3.27 — Block diagram of the twelfth module

It should be noted that the module of analysis of variance seems to duplicate

the results of previous modules, i.e. determines the presence of a statistically

significant difference between the average values of two samples, only by another

method. But, first, the verification of important conclusions by two independent

statistical methods increases the reliability of obtained results, and secondly, the

analysis of variance is less sensitive to errors associated with a small amount of

data in the samples.
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Conclusions to the section 3

The implementation of software system modules demonstrates the principles
of achieving formulated goal of work. The main distinguishing feature of system is
automatic check of criterias for applicability of the corresponding statistical
methods, as well as tree structure of the system, where decision on branching is

made at the nodes in accordance with the results of the check.
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SECTION 4
SAFETY AND PRECAUTIONS

This section discusses the norms and measures for labor protection and

safety, which will be aimed at eliminating potentially harmful and dangerous

production factors that under certain conditions may adversely affect the human

body during the development and operation of this software.

4.1 Object characteristics

Table 4.1
Characteristics of premises and decoration
Ne | Name The main characteristics of the room Quantity | Position
dimensions: 4500 x 3500 x 2700 mm:;
1 | Room parameters S-45*35=1575m? -
V-45*35*27=42525m?3
2 | Number of employees | Doctor, patient -
I Folding window VEKO SM - 2080
3 | Natural lighting 1200 X 1500 mm 4
Lamp of the LPO-01 series
dimensions 1240x145x52mm;
. power 18.0 W,
4. | Lamplight armature material: steel 15
material of plafonds and pendants:
plastic
5. | Ventilation Locally -
6. | Floor type VH linoleum -
7. | Ceiling Drywall covered with water-based paint -
8. | The walls Alkyd paint -
9 Doors of LAZIO BLK | dimensions: 1090 x 2500 mm; 1
" | "RODOS" material - MDF board
e dimensions: 500 x 570 x 155
10. | The ceramic sink e material: composite - cast mixture 3
of dolomite and resin
Table 4.2
Equipment and facilities
Ne | Name Main characteristics Quantity | Position
e Size:315x 215X 77 mm;
e voltage 220V, 50 Hz;
HEACO ECG1201 |« complete set: ECG device, ECG
1. ) : 17
electrocardiograph cable (on 10 assignments), pear
electrode (6 pieces), hitch electrode
(4 pieces), grounding cable
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Continuation of table 4.2

HP Pavilion All-in- | ® size: 540 x 160 x 442 mm;
2. | OnePCis 24- »  power supply 120 W; 1 9
%31008ur . volta_ge 220V,_50 Hz; _
« housing material: plastic
Wall conditioner e dimensions: 730 x 254 x 184 mm;
3 COOPER & e Vvoltage 220V, 50 Hz; 1 5
' HUNTER CH- e productivity (max) heat kW. 2.43
SO07RX4 e consumption (max) cold kwW. 0.69
4 Table ON-96-20 e Size: 1_6§O X 900 x 750 mm; 1 7
o material: chipboard
g‘t”rgi]taggowy o dimensions: 980 x 480 x 475 mm;
5. Cr31/r ome (CH) e product material: leatherette, 1 6
ECO-30 black metal;
Medical e size: 1900 x 580 x 530 mm;
S o material: metal frame (painted
6. examination couch . . 1 11
KP.5 with _powder paint), soft bed
(fabric base)
Double-leaf metal . ]
7. | medical cabinet © Slz& 1.85_0 X 800 x 400 mm; 1 12
MP- 958 « material: metal.
Chair stand for the .
8 NPO - 34 e Size: 1_2(?0x500x400 1 16
cardiograph e material: metal
Medical screen .
9. three - leaf HML- | * 125 2.0(_)0)(10)(1800 1 14
596 e material: wood
e size: 540 x 250 x 300 mm;
10. | HP4532 printer | *  VOItage 220V, 50 Hz; - 1 10
o housing material: plastic
e Size: 1000 x 500 x 120 mm;
« material: steel with nanoceramic
11 Radiator steel coating; 1 15
" | Bronner 22 type e max. coolant temperature 110° C
e power 2040 W;
« connection: lateral;
e Size: 100 x 100 x 23 mm;
e voltage: from 10 to 30 V
e stum (at rest) not more than 30 pa
Thermal sensor of | * voltage when transmitting the
. signal "FIRE" (stum - 20mA) not
12. the fire alarm more than 5.2V 1 19
system IP-105-1/ 2 ' -
« voltage when transmitting the
signal "FIRE" (stum - 5mA) not
less than 4.2V
o case material: plastic;
13 Powder fire extin- | e size: 420x150x150; 1 16
' guisher OPU-10 e Vvolume: 10 I.
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In Figure 4.1. the scheme of an office is represented.

in mm

Figure 4.1 — Schematic diagram of the doctor's office

We compare the real data with the normative values given in table 4.3.

Table 4.3
Comparison of factual and normative characteristics
Ne Room parameter Real value Normative
values
1 | Areaper 1 employee 7.85m 2 6m?2
2. | Volume per 1 employee 21.26m 3 20m
3. | The minimum width of the passage to the 0.85m 07-1.0m
workplace
4. | The width of the main passages 1.6m 1,5m
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After comparison of the actual data of the premises with the norms of
DSanPiN 3.3.2.007-98 and DNAOP 0.00-1.31-99 it can be concluded that the

premises meet the requirements.

Assessment of key hazards and harmful factors
There are several hazardous factors in the room, which are listed in Table 4.4.
Table 4.4

The main dangerous and harmful factors

Ne Physical Chemical Biological

1 Microclimate Dlsmfgctmg Infections,
chemicals fungus

2 Electrical hazard - -

3 Fire - -

There are dangerous factors in the room, but if safety measures are observed,

they are not life-threatening.

4.2 Microclimate

This type of work can be attributed to category la, the nature of work

indoors — constant. Table 4.5 shows the sources of impact on the microclimate and

what consequences this may lead to.

Table 4.5
Sources of influence on the microclimate in the room
Name of Source of influence on | Causes of influence Co_nsequences
No . . . ) . of influence on
equipment the microclimate on microclimate . :
microclimate
In the cold
1 gfgr'li?rr;;espe Heating element Working heating f:risr?:r,aftﬁerze
rises
Wall conditioner Additional
9 COOPER & Heating / cooling Switching the temperature
" | HUNTER CH- element device on / off rise in the cold
SO07RX4 season
Window rotary . . Open or .
3. | and folding ggr'g a ‘;‘Zrt‘;téi“”g insufficiently t';?n";zrr';‘tﬂfge
VEKO SM-2080 insulated window
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The condition of the premises and the comparison with the normative
value are given in Table 4.6

Table 4.6
Real and normative values
Ne | Microclimate parameters in the .
Real value | Normative values
cold season

1. | Air temperature, °C 22 22-25

2. | Relative humidity, % 45 40-60

3. | Speed of movement, m/s 0.1 0.1

Some measures, developed for normalization of indicators of a microclimate
are specified in tab.4.7
Table 4.7

Measures for normalization of microclimate indicators

No Group of

nomenclature
measures on SP

View of the event

Selection criterion

Correct radiator intensity

ensuring the temperature
is within normal limits

arrangements

1. LZ(;ZEL%? The air conditioner is in prevention of
heating mode at insufficient | hypothermia of the
temperature patient

2. Organizational Systematic ventilation Providing fresh air

3. | Operational

calibration of temperature
measuring instruments

reliability of information

4. | PPE

according to the user's
position

Control over observance
of temperature within
norm

The values of the parameters of temperature, relative humidity and air

velocity at the workplaces in the workplace do not exceed the normative values,
which are considered in accordance with LTO 3.3.6.042-99.

4.3 Chemical and biological hazards

After examination of each patient it is necessary to disinfect the electrodes

of the cardiograph and other medical equipment, using disinfectants. In case of
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non-compliance with safety requirements, patients may be infected (fungus,

infection, etc.)

Table 4.8
Disinfectants
Ne Name of equipment Source of danger g::;gf of Consequences of danger
L Electrocardiograph Chloramine Contact of the May cause local skin
. substance with | ." -7~
cable solution . irritation
exposed skin
2. Allergic reactions are
Electrodes from the Glutaraldehyde Contact of th_e possible in case of
. . substance with )
electrocardiograph solution . contact with a
exposed skin
concentrated substance
Comparison of normative and real data is given in table 4.9
Table 4.9
Regulatory and real parameters of chemical safety
Ne Danger factor Normative value Real value
1 Glutaraldehyde solution 0.02mg/ m3 0.008 mg/ m®
Chloramine 10 mg/ m® 4mg/m?
The following safety measures must be observed in the office.
Table 4.10
Measures to avoid chemical and biological hazards
Ne | Group of
nomenclature View of the event Selection criterion
measures on OP
disinfection of devices and (or) | Preventing the spread of
their parts in contact with biological threats (fungi,
1. | Technical measures | patients infections)
Replacement of a disposable Observance of personal
diaper after each patient hygiene
Oraanizational admission to work training on safety in the
2. arrgn ements initial instruction on OP operation of equipment
g Carrying out safety briefings Regular staff training
Adherence to the regime and Prowdmg the
. opportunity to conduct
schedule of the cabinet
3. | Mode regular quartz
preventing the appearance of Ensuring the reliability of
strangers research
Jluct
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Continuation of table 4.10

Group of
nomenclature
measures on OP

View of the event Selection criterion

Checking the tightness of the
packaging of disinfectants

according to the user's position

4. | Operational Follow the instructions

5. | PPE individual protection

Doses of chemicals do not exceed the norm, so if you follow safety rules,

they do not pose a danger.

4.4 Electrical safety
Table 4.11

Dangers of electric shock

Ne Name of equipment gource of Causes of danger Consequences of
anger danger
L Power cable Insulation damage Impressions of the
current
Broken Careless use Impressions of the
HEACO ECG1201 electrode current
electrocardiograph Short circuit of The outer parts of
. the equipment are
Corps internal parts of I .
the equipment ive. Impressions
of the current
2. | HP Pavilion All-in-One Power cable Insulation damage Impressions of the
PC - 24-xa1008ur 9| current
The characteristics of the electrical equipment used are given in table 4.12
Table 4.12
Characteristics of electrical safety
Ne Indicator Working conditions E\(/vsumer POWer,
1 | HP Pavilion All-in- . .
One PC - 24-xa1008ur Voltage : 220 V, 50 Hz; 0.3
2 | HEACOECGL201 /100 200 v, 50 Hz; 0.15
electrocardiograph
3 | Wall conditioner 0.73
COOPER & _ _ ; .
HUNTER CH- Voltage : 220 V, 50 Hz; grs))coolmg mode —
SO07RX4 '
4 | The ceiling lamp Voltage : 220 V%, 50 Hz; 0.15
Jluct
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To reduce the likelihood of a hazardous situation, the safety precautions
listed in Table 4.13 must be followed

Table 4.13
Means of protection against electric injuries
Ne | Group of
nomenclature View of the event Selection criterion
measures on OP
the system must only be switched on
from a socket with protective earth Ensuring safe use
terminals
All ECGs connected to the patient -
1. | Technical measures | conductors and electrodes, connectors,
as well as pre-amplifiers in contact Ensuring safe use
with the patient must be galvanically
isolated from other parts of the device
and from the "ground".
Before each ECG recording, perform a
control examination of the device, | Ensuring safe use
5 Organizational wires and electrodes
" | arrangements training on safety in
Admission to work after the briefing the operation of
equipment
Ensuring security
3. | Mode preventing the appearance of strangers | against unauthorized
network connections
Check devices before each use FOHOW _the
4. | Operational - Instructions
Disconnect from the network after Follow the
each use instructions
5. | PPE according to the user's position individual protection

There is an electrical hazard, but if all electrical safety rules are followed,

the risk is minimized.

4.5 Fire safety

The hospital, where the office is located, belongs to the Il degree of fire

resistance, category B (the room contains non-combustible solid and fibrous

materials). Characteristics of non-security sources are given in table 4.14
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Sources of danger

Table 4.14

Name of equipment

Source of danger

Causes of
danger

Consequence

1 | HEACO ECG1201
electrocardiograph

Damaged power
cable, electrodes,

Short circuit

Impressions of
the current.
Occurrence of

body parts.
2 | HP Pavilion All-in-One | Damaged power Short circuit
PC - 24-xal008ur cord

fire

Characteristics of fire hazard in accordance with ONTP 24-86 are listed in

table 4.15

Table 4.15

Characteristics of the room

Classes and subclasses of
possible fires

Combustion of solids,
class A (Aland A2) | accompanied and not
accompanied by decay
Combustion of live electrical
class E . .
installations

Combustibility  groups of
materials and substances that
are present in the room

Non-combustible (incombustible) and combustible

(combustible).

There are no substances that are capable of
spontaneous combustion in this room.

Category of fire danger of
the room

category B, class P-
zone

Space in the room where solid
combustible substances and
materials are located.

The following security measures are required in the room.

Table 4.16

Means and measures of fire protection

Group of nomenclature
measures on PB

Type of protection

Selection criterion

Technical

Powder fire extinguishers

OPU-10
Automatic PS Thermal
BMI

Accordance with the

requirements
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Continuation of table 4.16

2 | Organizational

Conducting briefings,
organizing exercises with
fire protection.
Supervision and control
over compliance with fire
safety rules. Evacuation
plan. Checking the safety
of the premises

Training in fire safety
rules

Respirator (3M 6500; up

Accordance with the

3 Pergonal protective to 50 MPC) and masks, requirements
equipment . :
protective clothing
Contraindications to the Compliance with fire
4 | Mode

use of open flames

safety rules

5 | Operational

Inspection of electrical
devices for their ability to
work properly and for the
absence of defects

Compliance with fire
safety rules

To ensure fire safety in the room there is a fire extinguisher and an automatic

thermal fire-fighting system.
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Conclusions to the section 4

In this section of the thesis were considered the rules and measures for
occupational safety and health in the doctor's office. Possible potential hazards in
the workplace and during workplace testing of employees were analyzed.

This room is in acceptable operating values for microclimate, electrical
hazards, chemical and biological hazards, subject to the necessary safety
precautions. Indoors, the parameters of the area and volume meet the requirements

of the standards per employee.
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CONCLUSIONS

The goal set in the work has been achieved. An algorithm in the form of a
tree structure of modules has been developed and a computer system has been
built, which helps to reduce the probability of errors in statistical conclusions in
evidence-based medicine. The goal is achieved through the use of automatic
verification of the conditions of applicability of specific methods at each stage of
statistical analysis. The tree structure of the algorithm allows to automatically
select the sequence of modules depending on the characteristics of the analyzed
data, making the appropriate statistical conclusion.

The following tasks were solved in the work.

1. An analytical review of statistical methods and algorithms, commonly
used in evidence-based medicine, has been done. The complexity of their correct
application by specialists without fundamental mathematical training due to the
need to check the conditions of applicability at each stage of the analysis is
demonstrated.

2. A tree-like algorithm of statistical analysis modules has been developed,
the main feature of which is the automatic verification of the criteria of
their applicability in tree nodes with the subsequent decision-making on branching
to the next possible modules.

3. Software system that corresponds to the developed tree algorithm has
been implemented in the NI LabVIEW environment. The scheme of transitions
between modules depending on results of check their applicability conditions is
constructed. A block diagram and an interface part are built for each module.

The use of an automated system to detect statistical relationships and
statistically significant factor effects can reduce the number of erroneous results in
evidence-based medicine, especially with widespread access to such a system that
can be easily provided on the NI LabVIEW platform.
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Prospects for improving the system imply further addition of modules with

the implementation of additional methods of statistical analysis, as well as

providing easy access to the system by users, for example, via Internet.
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