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ABSTRACT

Background: the relationship between sample size and errors of the first and second type,
which are taken in those studies, where there are properly supported hypotheses, who is
detailed in the classical literature; but without indicating a design of the methodology to
follow. Aims: to design a methodology to establish the concordance between the sample
size, the first and second gender errors of the experimental data. Method: mathematical and
statistical methods, procedures, and algorithms are applied, combined with theoretical
methods: analysis-synthesis, induction-deduction, and abstraction-concretion to determine
the size of the sample, based on fixing the errors first and second gender. The empirical
methods applied are framed mainly in the observation of the records of the experimental
data, the bibliographic review, in order to deepen the problem and obtain information on the
main difficulties that affect the research process. Results: a methodology is designed, in
which the correspondence between the minimum size of the sample and the errors of the
first and second gender is established with a preset significance level, according to the
experimental data of the study. Conclusions: through elaborated health situations, the need
to establish a methodology as a work tool to determine the concordance between the
sample size, the errors of the first and second gender o and B is evidenced; in research with
a predetermined significance level, based on experimental data in clinical trials, controlled

and randomized studies in medicine.


https://orcid.org/0000-0003-2381-4958

Descriptors: RESOLUTION OF MEDICAL PROBLEMS, EXPERIMENTAL DESIGN, ERRORS OF
FIRST, AND SECOND GENDER.

RESUMEN

Introduccién: la relacién entre el tamafio de la muestra y los errores de primer y segundo
tipo, que se toman en aquellos estudios, donde existen hipétesis debidamente sustentadas,
gue se detalla en la literatura clasica; pero sin indicar un disefio de la metodologia a segquir.
Objetivos: disenar una metodologia para establecer la concordancia entre el tamafo de la
muestra, el primer y segundo error de género de los datos experimentales. Método: se
aplican métodos, procedimientos y algoritmos matematicos y estadisticos, combinados con
métodos teodricos: analisis-sintesis, induccion-deduccién y abstraccidon-concrecion para
determinar el tamafio de la muestra, a partir de la correccion de los errores de primer y
segundo género. Los métodos empiricos aplicados se enmarcan principalmente en la
observacién de los registros de los datos experimentales, la revisién bibliografica, con el fin
de profundizar en el problema y obtener informacién sobre las principales dificultades que
afectan el proceso de investigacién. Resultados: se disefia una metodologia, en la que se
establece la correspondencia entre el tamafio minimo de la muestra y los errores de primer
y segundo tipo con un nivel de significancia preestablecido, segin los datos experimentales
del estudio. Conclusiones: a través de situaciones de salud elaboradas, se evidencia la
necesidad de establecer una metodologia como herramienta de trabajo para determinar la
concordancia entre el tamafio de la muestra, los errores de primer y segundo tipo a y B; en
investigacion con un nivel de significancia predeterminado, basado en datos experimentales
en ensayos clinicos, estudios controlados y aleatorizados en medicina.

Descriptores: resolucién de problemas médicos, diseno experimental, errores de primer y

segundo tipo.

INTRODUCTION

When developing mixed studies, it is necessary to specify the sample size, the first and
second gender errors o and B, establish a relationship among these to ensure the veracity
and reliability of the research, as well as the effectiveness of the results by hypothesis
verification and interval estimation, using the working techniques of classical inference
statistics.

The determination of these elements are not always used adequately, however the
foundation of any research that is developed must be supported by these statistical tools

and techniques, and work mathematics. ¢~



For the analysis of the collected data, as well as the verification of the inferred results, from
a study sample, they generally depend on an experimental design, where the reliability and
efficacy of the study (minimum sample size) is ensured, in which the importance is
emphasized, and the correspondence of the deductions, from the study sample to the
population it represents. ¢~ ©

Some authors point out the need to interpret first and second gender errors in research to
highlight the results achieved in the research; () but it is decisive to ensure their veracity
and reliability from the beginning, therefore it is essential to specify the minimum size of the
sample in such a way as to certify the inquiries obtained.

That is, ideas are retaken in depth, which acquire leading dimensions from the initial stages
to the final ones, for which the objective is addressed: to design a methodology to establish
the concordance between the sample size, the first and second errors gender of
experimental data that ensure the reliability and veracity of research such as clinical trials,

controlled and randomized studies in medicine.

MATERIALS AND METHODS

Mathematical and statistical methods, procedures, and algorithms are applied, combined
with the theoretical methods: analysis-synthesis, induction-deduction, and abstraction-
concretion to determine the minimum size of the sample, based on fixing the errors of the
first and second gender.

A methodology is designed to ensure the processes of understanding, explanation and
interpretation in the analysis of experimental data, ‘" ® to guarantee the reliability and
veracity of the study.

The empirical methods applied are framed mainly in the observation of the records of the
experimental data, the bibliographic review, in order to deepen the problem and obtain
information on the main difficulties that affect the research process, and the published
reports, from of the search for methods and procedures. /=9

The document review method is used, through books, and articles referring to the topic
Inferential Statistics in the Scielo, DOAJ, Latindex, Google Scholar Databases, Elsevier,

among others, (1012

RESULTS
The methodology designed to establish concordance between sample size, first and second
gender errors, a and B, to ensure the reliability and veracity of research, such as clinical

trials, controlled and randomized studies, is made up of the following steps:



(I) Formulation of the statistical hypothesis.

(II) Determination of the minimum size of the study sample, based on prefixing the errors of
the first and second gender o and B.

(III) Verification of the statistical hypothesis, preset a level of significance (reliability).

(IV) Construction of the confidential interval, which allows comparing the results obtained in
the (III) verification of the statistical hypothesis (the veracity of the study is ratified).

(V) Interpretation of the results obtained, which allows to conclude the analysis of the
transformation of the initial health situation.

Biomedical problems are elaborated to illustrate the application of the designed
methodology.

Problem 1. A population made up of the Elderly belonging to the San Andrés Polyclinic,
Holguin, is considered. The average number of beats per minute is 80, with a standard
deviation of 4 beats per minute which are recorded before performing systematic physical
exercises. These population averages are considered to be normally distributed. Six months
later, 53 older adults are randomly selected, the average heart rate is 78 beats per minute.
1. Make statements Hy and H;. (I)

2. What is the minimum size necessary to verify hypothesis HO: beats per minute, and
hypothesis H;: m = 78 beats per minute, when the first gender error o = 0.01; and the
second gender B, do not exceed 0.1. Indicate the critical domain. (II)

3. Determine the probability of first and second gender errors o and B for the critical domain
criterion. (II)

Problem 2. Consider valid the conditions of problem 1. Verify hypothesis Hy: beats per
minute, as an alternative hypothesis H;: beats per minute at the significance level o = 0.01,
based on the construction of the confidential interval of the parameter m (mean, average).
(111)

When deepening by means of the documentary review in the reports of studies in different
databases, (> * 13 no details are made that verify the concordance of aspects related to the
experimental design, when continuing search no findings that ratify this gap are found (!¢ 7
18) Thus, the aforementioned condition is not ratified from now on.

Problem 3. The data contained in the technical certification of a drug show its effectiveness
in 80 % of cases to cure a certain type of dermatitis. As a result of the modifications of the
therapy, an increase in its effectiveness is expected. To verify this statement, checks are
made, 121 patients are randomly selected, and 108 of them were cured with modifications

in the treatment. Suppose that the sample of patients is obtained from a normally



distributed mother population whose proportion is P = 0.80. Compare the reported results.
€))

1. What is the minimum size necessary to verify the null hypothesis:

Ho: Classical therapy is applied, which does not influence the increase in the effectiveness
(proportion) of the drug, and the alternative hypothesis.

H;: Modified therapy is applied, which influences the increase in the effectiveness of the
drug, when the first gender error a = 0.01; and the second gender error B, do not exceed
0.1. Indicate the critical domain.

1. Determine the probability of errors of the first and second gender o and B for the critical
domain criterion. (II)

2. Consider the conditions of the problem valid. Verify hypothesis HO: Classical therapy is
applied, which does not influence the increase in the effectiveness (proportion) of the drug,
as well as alternative hypothesis H;: Modified therapy is applied, which has an influence on
increasing effectiveness of the drug at the significance level o = 0.01, based on the

construction of the confidential interval of the parameter p (proportion). (IV)

DISCUSSION

In solving the problems raised above, it is necessary to delve into the statistical tools and
techniques supported by the methods, procedures and ways to stimulate the creative
thinking of researchers. )

The concordance of the study sample size and the errors of the first and second gender and
are not specified in the reviewed research reports. Compare with analyzes presented in the
scientific literature. "% 3 Through steps a in the designed methodology.

Problem 1: (I)

1. Ho: Yo = 80, the average of the beats per minute of the Older Adult is equal to 80.

H;: go = 78, the average of the beats per minute of the Senior Adult is equal to 78.

2. Mathematical (statistical) model is represented by the densities of the normal probabilistic
distributions of the mean (of beats per minute of the Elderly):

N (o = 80; 0 = 4/V/53), y N (Mo = 78; 0 =4/+/53).

According to the problem data, the following system is considered:

%, — 80

P[X<X; /Hy:m=80] =& =0.01.




Thus, the system is solved by simplifying:

%, — 80
k4 Vn = ug0; = —2,326

% — 78

Vvn >uy9 = 1.282

The system is simplified, then n > 53.

By substituting the minimum value of n in the first equation of the system, the value of the

2+(2.326)
V53

Therefore, the critical domain is defined by inequality X < 78.72. (II)
3. Substitute n = 53, x), = 78.72, and obtain:

boundary of the critical domain is determined: %, = 80 — ~ 78.72.

P[X <X /Hy:m = 80] = ® 78.72-80) | ® (-2.329) = 0.01;
5
P[Z € V] =«; Vi: Critical Domain,P[Z e V\ V] =1—aq, V '\ Vi: Approval Domain.
This means, according to the accepted criteria (Ho: Mo = 80), 1 % of the patients are
classified as patients with an average of less than 80 beats per minute.
On the condition that the hypothesis Hi: pg = 78 is correct, the statistic has the normal
distribution N (po = 78; o =4/V/53).

According to the equation g =P[Z € V\V,/H,], the probability of the second kind error is

equal to:
- 78.72 - 78
B=PX>%x,/H:m=78]=1—-® e =1-® (1.31)
53

~1-0.9049 = 0.0951 < 0.1;

Thatis: p=P[Z€ V\V,/H;] =0.0951 ~ 0.1 (III)

Therefore, according to the acceptance criteria, 10 % of older adult patients are classified
with an average of 78 beats per minute, due to the systematic performance of physical
exercises for six months. (V)

If the hypothesis is verified Hy: 0; = 0,, the confidential interval for the difference 6, — 6, is
examined. The hypothesis Hg is accepted for the difference 9, — 8, covers the null value (0).
Establish analogies with reports made. (%3

The exception consists in the verification of the hypothesis about the equality of the
variances H,: 6% = o%; since the confidential interval is constructed for the relation of the
variables, the hypothesis Hg in this case is accepted, if the interval in question covers the
value equal to the Unit.

Problem 2. (1V)



The upper limit (upper bound) m, of the interval to the left is determined, that is (—; m,),
for the parameter m, when the confidential probability of the percentile Zyq9 = 2.392, is

obtained:

o 4
m, =)‘(+Zl_a\/—5= 78+(Z.329)\/§= 79.3

As the value of the mean m = 80 beats per minute of older adults is not covered by the
interval, the null hypothesis Hg: po = 80 must be rejected, which coincides with the result
obtained when solving problem 1.

Problem 3. (I, II, III)

1. According to the data, the following system is considered:

(P[F>m/H(,:P=0.8]=1—d>( P~ 0.8 )=0.01.
J(0.8) % (0.2)/n
Pr—0.9 )

J(0.8) + (0.2)/n

<0.1

I( P[P <Py /Hy:p=0.9] =c1><

Thus, the system is solved by simplifying:

J(0.8) + (0.2)/n

| PIP<Py/H;:p=09] = <0.1.

J(©0.8) % (0.2)/n

_ P — 0.8
J(P[P>ﬂ/H0:P=O.8]=1—<D< Pk ):0.01.

The system is simplified, then n > 118.

By substituting the minimum value of n in the first equation of the system, the value of the

(0.4)+(2.326)
Viis

Therefore, the critical domain is defined by the inequality P < 0.88565.

boundary of the critical domain is determined: p, =0.8 + ~ 0.88565.

2. The lower limit (lower bound) is determined for the interval to the right of the proportion,
that is (py; +), for the parameter p, when the confidential probability of the percentile
Zooo = 2.392 is obtained:

p—Z /—pq 0,90 — (2.329) [(0.8) 0.2
= —_ = — . . *
P1= P~ f1-a ’ 121

As the value of the proportion P = 0.8; when classical therapy is applied in patients, it is not

= 0.8287

covered by the interval (0.8287; +x), (IV) the null hypothesis Hy: P = 0.8 must be rejected,
which coincides with the result when solving the problem by contrasting hypotheses with a
right tail. (V)

The use of professional statistical programs is recommended, which ensure data processing

with speed, precision, accuracy, and a high level of reliability. Compare with reports made.
(1,2, 3)



CONCLUSIONS

It is necessary that the professionals of the Medical Sciences demonstrate in the analysis of
the health situation, the application of the designed methodology, which ensures the
reliability and veracity of the study to be developed, according to the steps to follow:

(I) Formulation of the statistical hypothesis.

(II) Determination of the minimum size of the study sample, based on prefixing the errors of
the first and second gender o and B.

(III) Verification of the statistical hypothesis, preset a level of significance (reliability).

(IV) Construction of the confidential interval, which allows comparing the results obtained in
the (III) verification of the statistical hypothesis (the veracity of the study is ratified).

(V) Interpretation of the results obtained, which allows to conclude the analysis of the
transformation of the initial health situation.

It is recommended to deepen the application of statistical techniques to analyze the
information collected, using inferential statistics work tools to model and simulate

experimental data with the help of professional statistical programs.
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