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Abstract

Statistical hypothesis testing is one of the key steps in modern medical research. Initially, scientists formulate a research
hypothesis based on which the statistical hypothesis is then developed and statistically tested. This review provides the null
and alternative hypotheses’ compiling examples for different research questions and the general algorithm for their testing
using t-test. The authors also describe type | errors, which are necessary to interpret p-values estimated from statistical tests,
and type Il errors, which are used to assess study power. The article focuses on effect size and its calculation methods, and
the difference between statistically significant and clinically significant effects. The associations between effect size, sample
size, and type Il error are also discussed.
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| PYKOBOZACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

AHHOTauus

[MpoBepka CTAaTUCTUYECKNX MMNOTE3 — OAMH W3 KITIOYEBBIX 9TaN0B COBPEMEHHbIX UCCNefoBaHNi B 06nacT MeauuuHel. Ha
HayanbHOM 3Tarne y4YeHble BblABUraloT UCCNEA0BATENbCKYIO FMNOTE3Y, HAa OCHOBE KOTOPON (HOPMYSIUPYIOT CTATUCTUYECKYHO
rmnoTesy, kotopas NoaaaeTcs NpoBepKe C MOMOLLBbH CTaTUCTUYECKUX TECTOB. B pykoBOACTBE NpeAcTaBneHb npuMepsb Co-
CTaBIEHUs HyNEBOW 1 anbTEPHATUBHON CTAaTUCTUYECKIX TMNOTE3 ANS pasHbIX MCCegoBaTeNbCKMX BOMPOCOB, NpeacTaBeH
o0Lmi anropuT™ 1X NPOBEPKYM Ha NpuMepe t-Tecta. ABTOpbI pasbupartoT koHUenUmy ownbok | poga, KoTopble HEOBX0aUMbI
ANS MHTEPNpeTaLnn p-3Ha4eHiA, NOMyYeHHbIX B CTAaTUCTUYECKMX TecTax, v owmbok Il poga, koTopble UCNONb3YHT Ans pac-
YeTa MOLLHOCTH UccneaoBaHus. CyLuecTBEHHOE BHUMaHWE yaeneHo NOHATII0 pa3mepa achekTa v ero OLEeHKe, pasnuumsam
MEXOY CTaTUCTUYECKN 1 KIMHUYECKM 3HaUMMbIMK ddbchekTamu. [poaeMOHCTpMpOBaHa B3aMMOCBSI3b MEXAY pasMepom adh-
heKTa, YNCNEHHOCTLIO BbIOOPKM M BeNWYMHOI owmbkk |l poga.

KntoueBble cnoBa: CTaTUCTVKA KaK pa3gen; Hynesas runoTeaa; ownbka | poga; owwbka Il poaa; pasmep acbdekra; t-rect
Py6pukn MeSH:

CTATUCTUKA KAK TEMA

BUOMELMUMHCKUE NCCNEQOBAHKA

HAYYHbIX UCCNELOBAHUA NNAHUPOBAHWE

Onsa umtposanua: Cyeopos A.10., bynaHos H.M., LUeegosa A.H., Tao E.A., BytHapy [1.B., HaguHckas M.HO., 3ankmH A.A.
[MpoBepka CTaTUCTUYECKNX rMnoTe3: obLMe noaxodbl B NPaKTUKE MeaMUMHCKMX uccrienoBaHni. CeYeHOBCKUI BECTHUK.
2022; 13(1): 4-13. https://doi.org/10.47093/2218-7332.2022.426.08

KOHTAKTHA I THOOPMAIINA:

Byaano Hukosaii MuxaiijioBu4, KaHJ. Mell. HayK, JOICHT Kadeapsl BHYTPEHHUX, MPOPECCHOHANBHBIX OONE3HEH U peBMATOIOTHH
OI'AOY BO «Ileprriit MI'MY um. .M. CeuenoBa» Mun3zapasa Poccun (CeueHOBCKUI YHUBEPCUTET)

Anpec: yn. Tpybenkas, 1. 8, ctp. 2, . Mocksa, 119991, Poccus

Ten.: +7 (919) 100-22-79

E-mail: bulanov_n m@staft.sechenov.ru

KonduuKT nHTEpecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.
dunaHcupoBaHme. VccienoBaHne He IMENIO CIOHCOPCKOH MOINEPKKH (COOCTBEHHBIE PECYPCHI).

Hoctynuaa: 05.04.2022

Mpunsara: 11.05.2022

Jara my6auxauuu oniaiin: 16.06.2022
Jara meuaru: 23.06.2022

List of abbreviations
BP - blood pressure
RR - relative risk

SBP - systolic blood pressure
H, - null hypothesis
H, (H,) - alternative (null) hypothesis

Hypothesis testing is one of the essential steps  °

in modern medical research. Many studies aim not
only to describe the data but also to determine the
differences in study subjects’ characteristics and assess
their significance. Study subjects may be patients,
animal models or cell cultures. Any existing subjects’
observation, with or without active intervention, can be
called an experiment. In medicine, one way to conduct
an experiment is by performing a designed study [1].
Strict rules and firm conditions must be defined and
implemented before initiating a designed study:
 the aim of the study is accompanied by a specific re-
search question;
* the objectives are formulated through which the aim
can be achieved;

one or several research hypotheses are formulated

that will be tested to answer the research ques-

tion;

* the study design is determined to achieve the goal in
the most effective and valid way, and to obtain reli-
able and reproducible results by minimizing the risk
of making a mistake;

 the inclusion and exclusion criteria are formulated
without ambiguity;

 the statistical analysis methods, which are used for
achieving the objectives mentioned before and an-
swering the research question, are described in detail.
Thus, when designing an experiment, the researchers

test a model under ideal conditions which allow them

to answer the research question. In addition, designed
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studies have restricted sample size and time to perform
all the steps.

An example of a slightly different approach are
observational exploratory studies; the main goal of which
is not to confirm pre-formulated hypotheses about the
influence of certain factors on the outcome but to look
for any relationships and generate hypotheses. Thus,
observational studies focus on determining whether
there are any significant interactions between factors
within the study population. In observational studies
the restricted main research question that requires
confirmation might be missing. However, in exploratory
studies the researchers must also determine the goal, the
objectives, and the study population, which is generally
larger compared to the designed studies samples, in
advance.

The aim of this review is to explain the main aspects
of the designed research and the relationship between
the research question and its answer in terms of research
methodology, a key aspect of which is statistical
hypotheses testing.

RESEARCH AND STATISTICAL

HYPOTHESES

Every study, or experiment, begins with the for-
mulation of a hypothesis (scientific assumption). After
that, researchers try to confirm or reject the hypothesis.
For example, they can assume that a particular region’s
bad ecology affects people’s health, or that smoking is
associated with a high risk of cardiovascular events.
These assumptions are research hypotheses, that should
be distinguished from statistical hypotheses. Statistical
hypothesis represents the research hypothesis that can
be analyzed by using statistical methods through an
experiment with specific design.

A statistical hypothesis is a judgment about the
parameters that describe a statistical population (general
population), but not a sample. And the statistical
population is a homogeneous group of people, for
example, those at risk or of interest in the present study
(experiment). Such a group may be a city population
or all patients in a hospital over a certain period of
time. Initially, researchers claim two hypotheses about
the possible relationship of the observed phenomena
(potential risk factors and outcomes): null and
alternative.

The null hypothesis, commonly shown as H, claims
that observed effects, phenomena, and relationships
happen randomly; meaning they are not connected.
On the contrary, the alternative hypothesis (H, or H)
claims that observed phenomena do not occur randomly
and are connected. It should be noted that connection
here means any association, not only causal effect.
For example, a minor study assesses the differences
between mean values (u, and p,) of empirical value —
total cholesterol level — in patients with or without
a history of myocardial infarction (group 1 and 2,

respectively). The research hypothesis can state that
groups differ or do not differ. In this case, the null
hypothesis would claim that total cholesterol level is
not connected with the risk of myocardial infarction,
i.e. there is no difference between the two mean values
(observed differences are random):

Htp =u,

The alternative hypothesis claims that the observed
differences are significant and not random:

H p #u,.

The null and alternative hypotheses are mutually
exclusive, meaning that true H excludes H, being false
and otherwise. Therefore, accepting the alternative
hypothesis (existing difference between two groups)
implies rejecting the null hypothesis.

STATISTICAL TESTS

Statistical tests are statistical proof methods,
or inferential statistical analysis, which are used to
determine whether the null hypothesis (/) might be
rejected. It should be noted that statistical tests do not
formally accept the null hypothesis but only demonstrate
if we can reject it in favor of the alternative one.

Each statistical test is a mathematical function
which calculates test statistics. Test statistics show
how far an observed value differs from the expected
value distribution, given that the null hypothesis is not
rejected. The larger the test statistic value the bigger
the difference between the observed and expected
distributions.

Test statistics set evaluated from specific test follows
defined distribution law (for more on distributions see
[2]). For example, t-test evaluates ¢-statistics which
follows Student’s ¢-distribution. To reject the null
hypothesis, the test statistic distribution threshold must
be determined, and that threshold is called critical
value, and corresponding probability — significance
level.

Significance level (o) shows the probability of the
true null hypothesis being incorrectly rejected. This
probability is known as Type I error. Significance level
and corresponding critical value are initially proclaimed
in order to assess the probability of making Type I error
as the lower the a the less the risk of rejecting the true
null hypothesis. However, there is always a chance that
this might happen, thus researchers can only minimize
the risk by choosing the suitable threshold. Depending
on the field of study, various a values can be chosen, for
instance, medical researchers commonly use a = 0.05.
When it is highly crucial to avoid Type I error (i. e. two
study groups are comparable) o would be set as low as
possible (a = 0.01 or lower).

After the test statistic is determined, researchers
also obtain the p-value (p). P-value is the probability
of acquiring the same results or more extreme than

6 CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022



imagined, with the null hypothesis being true. Extreme
results are generally understood to mean results which
differ greater from the expected distribution. Small
p-value means that if the null hypothesis is true, then
the chance of obtaining the same or more extreme
results is rather low, therefore it is highly likely that
the null hypothesis is false and can be rejected. If p < a,
1. e. test statistic equals critical value or exceeds it, the
result is statistically significant (Fig. 1). That is why
in the “Materials and Methods” section it is always
stated at which p-value the results are considered
to be statistically significant. The phrase “P-values
below 0.05 were considered statistically significant”
means that researchers chose Type I error threshold
a=0.05.

Let us imagine that we are conducting a parallel
study with two groups: one group is given the
antihypertensive treatment A, the other group is given
a placebo. Our null hypothesis states that the drug A
effect on blood pressure (BP) is equal to placebo if we
estimate the mean blood pressure at the end of the study
in both groups:

* W, — mean BP value in patients who received treat-
ment A;

W, — mean BP value in patients who received pla-
cebo;

‘ Ho “Marr = Mppe O Mypr = Hppe = 0;

‘ Hl * Mgy i Hprc OF Hopr = Hprc #0.

Using the Student’s #-test, we verify if we can reject
the null hypothesis claiming p .. — p,, .= 0.We can build
a graph, which demonstrates t-statistics distribution
according to the difference (Fig. 1: green lines). After
conducting the experiment, we have the difference
Her — My Which corresponds with z-statistic = 2.5,
given the null hypothesis is true (Fig. 1: Red line).
We see that the observed result exceeds critical
values, therefore the null hypothesis can be rejected.
Corresponding p-value is 0.0126, thus, if the chosen a
is equal to 0.05 the null hypothesis can be rejected, and
the differences are statistically significant.

EFFECT SIZE

Research hypotheses are most commonly generated
to identify differences or associations between certain
parameters. However, not only are the differences
essential but also their significance. For example,
one study compared the proportion of patients who
achieved therapeutic effect in the treatment group
and the placebo group, and they were 10% and 80%,
respectively. We see the remarkable difference equal to
70%. In another study, these proportions were equal to
45% and 55%. We sce that the results differ as well, but
only by 10%. In the third study, the treatment efficacy in
two groups reached 75% and 80% differing only by 5%.
Another example of the new antihypertensive treatment
illustrates this point clearly. The new treatments X, Y,
and Z lower systolic blood pressure (SBP) by 15, 8,

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

and 1 mmHG on average, respectively. Conventional
antihypertensive treatment lowers SBP by 1 mmHg. All
examples demonstrate that a certain effect exists, but it
is different and more or less prominent.

Effect size is a wide statistical concept that refers
to a certain statistic or parameter which shows the
quantity of differences or associations between the
distributions in different groups. In medicine, the effect
size is important as it refers not only to the statistical
significance but also to the clinical significance of the
results observed in the study. For example, we use the
average decrease in SBP as the effect size. The average
decrease in SBP by 1 mmHg, most likely, is not clinically
significant — for the patient, the treatment Z will not be
more effective than conventional therapy, thus, from
a practical point of view, its administration provides
no advantages. On the contrary, too great an effect
(treatment X) may be associated with complications
caused by hypotension. Treatment Y is probably the
best choice amongst the new drugs in clinical practice
as it has a significant but not excessive antihypertensive
effect.

It should be emphasized that we try to statistically
determine the effect size when testing statistical
hypotheses. Absolute difference rarely equals null,
however it can be small and clinically insignificant
and both positive and negative. On the other hand,
when testing statistical hypotheses, it is necessary to

Probability density /
TInotHOCTH BEPOSATHOCTH
o o o
) w ~

o
-

/ -1.98 1.96 \2.5
0.0

-4 -2 0 2 4

t-statistic / f-cratucTHKa

FIG. 1. T-distribution for 50 degrees of freedom
PUC. 1. T-pactpenenenne st 50 creneneii cBOOOIBI

Notes: green dotted lines indicate critical values of 1.96 and -1.96 cor-
responding to the 97.5th percentile and the 2.5th percentile, respectively,
i.e. two-sided significance level a = 0,05. B. Red solid line indicates t-
statistics = 2.5, which exceeds critical value of 1.96 using two-tailed t-test
(p = 0.0126 with specified a = 0.05), thus the null hypothesis can be
rejected, and we can accept the alternative one.

I'Ipmmeanvm: 3eNeHbIMU MYHKTUPHBIMA NIUHUAMWU YKa3aHbl KpUTUYe-
ckve 3Hayenms -1,96 n 1,96, cootsetcTaytowwme 2,5-my n 97,5-my npo-
LeHTUNSM — ABYCTOPOHHEMY YPOBHIO 3HauumocTn a = 0,05. KpacHoi
CNIIOLHOM NHMeN 0603HaveHa t-ctaTucTuka = 2,5, koTopas npesbIaeT
kpuTudeckoe 3HaveHue 1,96 npum gyctopoHHem t-tecte (p = 0,0126 npu
3apanHom a = 0,05). Takum obpa3som Hynesasi runote3a MOXET ObiTb
OTKIOHEHA W NpUHATA anbTepHaTUBHas.
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define the criteria for the detection of plausible clinical
effect. In the antihypertensive treatment example, an
average decrease in SBP of <2 mmHg can be defined
as the absence of the clinical effect, 3-10 mm Hg —
as a moderate effect, and >10 mm Hg — large effect.
For testing research hypothesis, we want to determine
whether the average decrease in SBP will at least reach
a moderate effect size after treatment with the drugs X,
Y, and Z.

How to measure the effect size?

Psychologist and statistician Jacob Cohen made a
significant contribution to the conceptualization of
effect size, writing in his later work: “The primary
product of a research inquiry is one or more measures
of effect size, not p values” [3]. Nowadays, there are
many statistics to measure the effect size, testing any
hypotheses.

Effect size measuring methods can be standardized
and unstandardized. Standardized methods allow
measuring the effect size for variables with both similar
and different dimensions (for example, correlation
coefficient for variables in different units), for
combining results of different studies (meta-analysis
and meta-regression), and for comparing variables
varying in metrics (e. g., g/l in one study and mmol/l in
another one) [4].

Methods to measure the effect size are the following
(Tables S1—4 in the supplementary):

» Effect size assessing connections between numeric
variables’ distributions, or how one variable’s dis-
tribution influences another (correlation coefficient,
coefficient of determination);

» Effect size assessing the difference between statis-
tics (Cohen’s d, Glass’ A, risk difference);

» Effect size assessing the connections between cat-
egorical variables (Cohen’s h, odds ratio).

Research hypotheses and the effect size

Effect size plays a crucial role in research and the
forming of statistical hypotheses. In the beginning,
researchers put a question if the observed effect
occurs randomly. For example, do total cholesterol
levels in exposed and control groups differ? Observed
differences may be random. In order to verify if the
effect is random or not, pilot studies are conducted
which aim to determine the presence or absence of the
effect. These studies are hypothesis-generating (for
more on preferred study design for different purposes
see [5]). If the effect is confirmed, pilot studies can
assess its observed or hypothetical size. However, pilot
studies are often restricted and do not consider the
effect size validly (Fig. 2).

The pilot studies are followed by confirmatory
studies that determine a certain effect size. For
example, a pilot study established that smoking in men
aged 35-45, who live in urban area, increases the risk
of cardiovascular diseases over 10 years (relative risk

Research hypothesis: Is an observable effect present? /
WccnenoBarenbckas runoresa: Ecte 1 Habaronaemslid 3¢ dext?

Pilot hypothesis-generating research /
[TunoTHOE rumoTe3000pasyromee MccieaoBaHue /

A

A

The null hypothesis: H,/
Hynesas runoresa: Hy

The alternative hypothesis: H; /
AunsrepHatuBHas runoresa: H,

No effect, observed effect is random /
D¢ dekra Het, HaOmOMAaeMbIi P PEKT
ciydacH

An effect of measurable size is present /
Oddekrt ecth, UMEETCSI HEKUI
HaOJIIOJaeMBIi pa3Mep

Estimation of the minimal sample size which is adequate to confirm the occurrence of the
effect statistically / Onpenenenre MUHUMAJILHON BBIOOPKH, JOCTATOYHOMU JJIs
CTaTUCTHYECKOTO MOATBEPIKICHHS HaIu4aus dQdexra

FIG. 2. Flowchart of the hypothesis-generating studies

PUC. 2. Cxema npoBeeHHs THIIOTE3000pasyrOIINX HCCICIOBAHHUIH
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(RR) is X). Researchers then have to question whether
this is true for men living in the rural area. To conduct
such a study, we can rely on the data from the city
group and expect that the effect size (RR) will be at
least X (Fig. 3). It is also possible that according to our
research assumptions, the effect will be n-fold less, so
we can conduct a study that will be able to detect the
effect size of at least X/n.

The concept of the effect size allows avoiding pilot
studies as the results of previous research can be used.
One of the key concepts in medical research is the effect
size threshold that should be plausible from a practical
point of view. For example, in the study of a new
drug for weight loss in patients weighing more than
200 kg, a statistically significant weight loss of 1 kg
was obtained after one year. The effect is statistically
significant but has no benefit for the patients: within
1 year, nutritionists (and patients themselves) would
likely want to achieve a more noticeable weight loss.
It would probably be more justifiable to introduce an
effect size threshold of 10 or 15 kg.

ONE-SIDED AND TWO-SIDED

STATISTICAL TESTS

Two-sided tests

Let us return to the antihypertensive treatment
example. There is a promising new treatment (TRT) that
is supposed to lower SBP; however, we do not know how

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

effective it will be in clinical research. The conventional
antihypertensive treatment (CTRL) is administered to
the control group. Estimated average decrease in SBP
will be p,,, and p_,.. in the treatment group and in the
control group, respectively.

If the aim of our study is to determine which
treatment is more effective, the null hypothesis asserts
H, : W, = Wy and the alternative one asserts the
opposite /| : p.. # 1 ... Hence, we can divide the latter
into two simple statements:

H :{H'TRT>“'CTRL

1 < '
l"LTRT HCTRL

In other words, we test alternative hypotheses for
two scenarios: when TRT is more effective than CTRL
and when TRT is less effective. Tests used to check both
statements are called two-sided tests. For example, if
we analyze t-statistic probability distribution (Fig. 1),
one will notice two opposite critical values of 1.96 and
-1.96 (two-sided test with a given a = 0.05). In two-sided
tests, the significance level is divided by half and critical
values of each side are o/2:

{a =a/2

right

Oy = o/2

Given a equals 0.05 (5%), the null hypothesis will
be rejected, if observed t-statistic exceeds any of the
two critical values (2.5% and 97.5%) indicated by

Research hypothesis: Does the effect have a size higher than a selected threshold? /
HccnenoBarenbckas runoresa: Mimeer au 3 ekt pazmep BhIllIe ONPeeIeHHOTo mopora?

Confirmatory study /
[ToaTBeprk aarolee UCCIICA0OBAHHE

The null hypothesis: H, /
Hynesas runoresa: H,

Effect size is less then the selected
threshold or equals it / Pazmep addekra
HWKE MTOPOTa WIH PABCH MY

The alternative hypothesis: H, /
AunsrepHaTrBHas runoresa: H,

Effect size is higher than the selected
threshold / Pasmep a¢dekra BbIe
nopora

Estimation of the minimal sample size which is adequate to confirm the occurrence of the
effect statistically / Onpenenenne MUHUMAIBLHON BEIOOPKH, JTOCTATOYHOM IS
CTaTUCTUYECKOTO MOATBEPKIeHUs pa3Mepa dddexra

FIG. 3. Flowchart of confirmatory studies

PUC. 3. Cxema npoBeieHHs MOATBEPKIAIONINX UCCIIETOBAHMI
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0.4

et
w

o
-

Probability density /
ITnotHOCTH BEPOATHOCTH
o
N

1.65 \ 25

-4 -2 0 2 4

t-statistic / --cratucTika

0.0

FIG. 4. One-sided #-test illustration
PWUC. 4. Miutroctpanust OAHOCTOPOHHETO /-TeCTa

Notes: the green line indicates critical value of 1.65 which corresponds
with one-sided significance level a = 0.05; p-value is 0.006 for t-statistic
t=2.5 (red line): the result is clinically significant, given the chose type |
error value as p < a.

MpumeYaHmsi; 3eneHas NHUS 0603HayaeT KpuTdeckoe 3HadeHme 1,65,
COOTBETCTBYIOLLEE OAHOCTOPOHHEMY YPOBHIO 3HaunmocTut a = 0,05. [ina
cTatuctukn t = 2,5 (kpacHas nuHus) p-value = 0,006: pesynbTat cTaTucTu-
YECKMW 3Ha4MM Npu BbIGPAHHOM 3Ha4eHNM oMbk | pofia, NOCKONbKY p < a.

green lines (Fig. 1). So why do researchers use two-
sided tests?

As the TRT effectiveness has yet to be discovered,
the two-sided test is appropriate for all scenarios: TRT
and CTRL have approximately the same effectiveness,
TRT is better or worse than conventional treatment.

One-sided tests

On the other hand, if the main question is whether the
new treatment is more effective than the conventional
one, the hypotheses would change. The actual goal is to
determine the significant effect size W, > W ., -

In this case, the null and alternative hypotheses
assert the following:

{HO = HTRTS l'l'CTRL.
H] = HTRT> p'CTRL

To test this hypothesis, one-sided tests are used
not only to estimate the certain effect size but also its
direction. In this case, it must be verified if the test

statistic exceeds the critical value located on the right
side of the distribution on the graph (Fig. 4).

TYPE | AND Il ERRORS

We discussed type I errors but for valid interpretation
of the results we should consider another type of errors
(Table).

Type I error (a, false-positive result) occurs when
the true null hypothesis is rejected and the false
alternative hypothesis is accepted. For example, a
researcher assumes that the differences are significant
between two groups, however in fact they are random.

TBype II error (B, false-negative result) occurs when
neither the false null hypothesis is rejected nor the
true alternative hypothesis is accepted. For example,
researchers consider the differences to be random,
however in fact they are significant and occur not
randomly.

To conduct a successful experiment, the risk of type
I and II errors should be minimized. Type I error, as
mentioned previously, is the significance level of the
test which is then compared to the p-value. The low risk
of type I error means that with high probability, the true
null hypothesis will not be rejected.

Type II error shows the probability of rejecting
the incorrect null hypothesis equal to (I — B). This
probability is known as statistical test power = 1 — p.
In medical studies, the minimal acceptable is usually
set to 80%, 1. e. the maximal type II error is 20%.

ADEQUATE SAMPLE SIZE

AND THE CONCEPT OF STATISTICAL

HYPOTHESIS TESTING

The last step in statistical hypothesis testing is to
choose the adequate sample size required for accepting
or rejecting the null hypothesis [6]. We can summarize
the statistical hypothesis testing in the flowchart shown
in Fig. 5.

After formulating the research question and
assuming the expected effect size, the researcher should
do the following:

* choose the most suitable statistical test which re-
lates with the effect size distribution law in statisti-
cal population;

Table. Type | and Il errors
Tabnuya. Ownoku | m Il popa

In statistical population / In the study / After testing H, / Probability /
B cratuctuyeckon nonynsaumum B xope nccneposanus PesynbTat npoepku H, BepostHocTb
H, true / H, BepHa H, not rejected / H, He oTknoHeHa e P=1-a
0 Y 0 0 PelueHue He OTKNOHSATL BepHOE
H, true / H, BepHa H, rejected / H, oTkroHeHa Incorrect false) rejection, Type | error / P=a
OwmboyHOe OTKNOHEHME, owmbka | poaa
H false | H. HesepHa H. not rejected / H, He oTkroHeHa Decision not to reject is incorrect (false), Type Il error / P=p
g Y g L Peluenue He oTKnoHATL owmnbo4Hoe, owmbka Il poga
H, false / H, HeBepHa H, rejected / H, oTknoHeHa Correct rejection / BepHoe 0TKnoHeHne P=1-8
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Research hypothesis / MccenoBarennckast rumoresa

The main study question / OcHOBHOI1 BOnpoc nccieI0BaHUsI

Effect size estimation / Onpenenenue pazmepa apdexra

}

Choosing the suitable statistical test /
BBI160p MOIXOSIIET0 CTaTHCTUYECKOTO TECTa

|

Determining the significance level to
control type I error / Beibop ypoBHs
3HAYUMOCTH: KOHTPOJIb omuOku I posa

}

!

Determining statistical power to control
type II error / Beibop anexBaTHO#
MOIITHOCTH: KOHTpOIIb omuOkw 11 pona

}

Adequate sample size to test the hypothesis /
OO0BeM BBIOOPKH, TPEOYEMBIid 1715l IPOBEPKHU THITOTE3BI

Conducting research and obtaining its data /
[IpoBenenue ucenenoBaHus 1 MOMYYCHUE TAHHBIX

I

Results of the statistical test /
Pe3ynbTarhl CTaTHCTHYIECKOTO TeCTa

|

Test statistic / CratucTrka TecTta ‘

|

‘ p-value / 3nauenue p

|

|

Rejecting or accepting the null hypothesis /
[puHsTHE MM OTBEPKEHUE HYJIEBOM THIIOTE3bI

Solution to the main study question /

OTBeT Ha OCHOBHOM BOIIPOC UCCJICIOBAHUA

FIG. 5. Flowchart of the statistical hypothesis testing
PUC. 5. Cxema mpoBepK# CTaTHCTHIECKUX THUIIOTES

» choose the suitable significance level and study
power;
» calculate the adequate sample size.

Only after performing all those steps, can we
conduct the statistical test. But what is the connection
between study power, significance level, effect size,
and sample size? Let us assume that we are trying to
statistically determine the effect size E with power
1 — B, significance level a (Fig. 6A), and sample size
n [7]. We note in advance that the test significance
level a must remain fixed under any circumstances. If
the researcher wants to keep the sample size the same
but to increase the power, the simplest solution is to

CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022

assume that we will observe a larger effect size, for
example, twofold (or E x 2). In this case, the power
will actually increase (Fig. 6B). However, in reality,
the researcher cannot voluntarily observe a larger or
smaller effect, moreover, the assumption of the effect
size is only a research hypothesis. In this case, the
effect size should not increase either; however, as the
sample size increases, the study power also increases
(Fig. 6C). Thus, if one wants to obtain a certain
effect size with the strict significance level, the only
way to minimize the risk of falsely accepting an
incorrect null hypothesis (B) is to increase the sample
size.
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FIG. 6. The relationship between effect size, type I and II errors, and sample size, when testing statistical hypotheses:

A. Effect size and type I and II errors.
B. Type II error changing after the effect size increasing.
C. Type Il error changing after sample size increasing.

PUC. 6. B3anmocssi3s Mex 1y pasmepoM addekra, omunbkamu I u 11 pona 1 pa3mepoM BEIOOPKH HPH MTPOBEPKE CTATHCTHYESCKHX

THIIOTE3:
A. B3aumocss13b pazmepa sddexra, omudok I u Il pona.

B. M3menenue Benuuunsbl omuoku 11 poga npu ysenudeHuu pasmepa 3¢ dexra.
C. U3menenue Bennuunbl omn6ky 11 poga npu yBenuueHuu pa3Mepa BEIOOPKH.

Note: p1 — mean in group 1, y2 — mean in group 2.
lMpumeyaHue: p1 — cpegHee B rpynne 1, Y2 — cpegHee B rpynne 2.

CONCLUSION

Formulating adequate research and statistical
hypotheses is an important skill for all medical
researchers, without which successful planning and
conducting research in medicine is almost impossible.
In addition, the concepts of effect size, type I and II
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errors are essential for interpreting the results of a
scientist’s own research, as well as those of published
studies. These ideas are universal and applicable to any
statistical tests, and moreover, they are of much greater
importance for a scientist than the skill of applying any
specific method.
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