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Abstract - The mistaken use of biostatistics in scientific research involves methodologi-
cal errors both in the research itself as in its analyses. Among these, the lack of sample
size calculation, considered essential for validation and credibility of results, is often
found. The aim of the study was to determine how often sample size calculation is used
in articles published in Physical Education national journals. The study included only
national scientific journals ranked as A1 and B2 by the Coordination of Improvement of
Higher Education Personnel (CAPES), which analyzed only articles available in full and
published in the period from 2010 to 2012. Review articles, letter to the editor, points
of view and original articles that did not perform any statistical analysis were excluded.
Approximately 15 % of articles analyzed performed sample size calculation and no dif-
ference between these proportions over the years were identified. Differences between
Physical Education subareas (education, health and sport) were observed, being lower
in sport (p = 0.001) compared to other subareas. Journals classified as B2 showed higher
use of sample size calculation in relation to those classified as B1 (p = 0.013) and A2 (p
= 0.007). The use of sample size calculation in scientific research published in Physical
Education national journals in the period from 2010 to 2012 was not satisfactory, espe-
cially in sport subarea. Moreover, no evolution on the use of sample size calculation over
the years analyzed was observed.
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Resumo - O emprego equivocado da bioestatistica nas pesquisas cientificas implica em erros
metodolbgicos tanto na condugdo quanto nas andlises das mesmas. Dentre estes, a auséncia
do cdlculo amostral, considerado primordial para validagao e credibilidade dos resultados, é
frequentemente encontrado. O objetivo do estudo foi verificar com que frequéncia o cdlculo
amostral é empregado nos artigos publicados em periédicos nacionais de Educagdo Fisica.
Foram incluidos no estudo somente periddicos cientificos nacionais classificados entre Al e
B2 pela Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), dos quais
foram analisados somente artigos originais disponiveis na integra e publicados no periodo
de 2010 a 2012. Foram excluidos do estudo artigos de revisdo, carta ao editor, ponto de vista
e artigos originais que ndo realizaram nenhum tipo de andlise estatistica. Aproximadamen-
te 15% dos artigos analisados realizaram cdlculo amostral; ndo houve diferenca entre as
proporgoes destes ao longo dos anos. Observou-se diferenga entre as subdreas da Educagdo
Fisica (educagio, saiide e esporte), sendo menor na subdrea esporte (p = 0,001) em relagdo
as demais. Os periddicos classificados como B2 apresentaram maior uso do cdlculo amostral
em relagdo aqueles classificados como B1 (p = 0,013) e A2 (p = 0,007). O emprego do cdlculo
amostral em pesquisas cientificas publicadas em periédicos nacionais de Educagao Fisica no
periodo de 2010 a 2012 ndo foi satisfatorio, especialmente na subdrea esporte. Além disso,
ndo foi observada uma evolugdo do uso do cdlculo amostral ao longo dos anos analisados.
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INTRODUCTION

Like any area of knowledge, the health area has also experienced a rapid
assimilation of new technologies for the treatment of scientific data. The
medical sciences have made wide use of mathematical and statistical
knowledge in the interpretation of scientific problems'. Research linked to
the Physical Education area seems to follow the same trend.

The mistaken use of biostatistics in clinical investigation can occur
when there is a gap between researchers and the area of exact sciences, usu-
ally caused by difficulties in the communication between areas. This barrier
is due, at least in part, to the complexity and characteristic terms of statisti-
cal language, quite unusual in biological sciences®. In addition, statistics is
little tangible and dissociated from biological problems and reduced class
hours, especially in courses not associated with area sciences, which are also
responsible for increasing its understanding and application®. Accordingly,
Silva et al.* reported that the greater the understanding of statistical concepts
by students, the greater the change in attitude towards statistics, positively
reflecting on the understanding and use of such knowledge.

In this context, methodological errors in the conduction and analysis of
research are often found. One of the mistakes often found in the methodology
used in studies related to the health science area is the absence of prior sample
size calculation, considered fundamental methodology in the development of
most types of scientific research'. Thus, researchers in the area of humanities and
health sciences have made inappropriate use of inferential statistical procedures’.

The sample size directly influences the interpretation and statistical
validity of a result found®”. When the sample size is calculated, a suitable
number of observations for certain variable can be estimated'. Thus, the
probability of error in the interpretation of the final result is minimized.
Moreover, in the absence of sample size calculation, the research protocol
can be performed with insufficient n, reducing its statistical power and
increasing the likelihood of misinterpretations®®.

In the health area, where physical education is included, most studies in-
volve the participation of humans or animal experimentation as the sampling
unit. Accordingly, due to the biological variability inherent to this type of sam-
ple unit, sample size calculation becomes essential®. Likewise, it is noteworthy
that not only biological outcomes (psychological, behavioral variables, etc)
require sample size calculation. However, despite its methodological impor-
tance, no studies investigating the use of sample size calculation in scientific
research related to the national Physical Education area were found. Therefore,
the aim of this study was to determine how often sample size calculation is
used in the articles published in Physical Education national journals.

METHODOLOGICAL PROCEDURES

Information survey
The study included only national scientific journals ranked as Al and
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B2 by the Coordination of Improvement of Higher Education Personnel
(CAPES), which analyzed only articles available in full and published in
the period from 2010 to 2012. The present study included the following
journals: Movimento (A2), Motriz: Revista de Educagao Fisica (A2), Revista
Brasileira de Medicina do Esporte (A2), Revista Brasileira de Ciéncias do
Esporte (B1), Revista Brasileira de Educagéo Fisica e Esporte (B1), Revista
Brasileira de Cineantropometria e Desempenho Humano (B1), Revista
Brasileira de Atividade Fisica e Saude (B2), Revista Brasileira de Ciéncia e
Movimento (B2) and Revista da Educacio Fisica/UEM (B2). The selection
of journals was performed by Qualis-CAPES 2011 listing in the Physical
Education area (area 21). A flowchart of the process of inclusion and ex-
clusion of journals in the study is shown in Figure 1.

The analysis of published articles was performed by five experienced
evaluators graduated in Physical Education (Master and PhD students).
Initially, a thorough reading of the introduction and abstract was conducted
to rank them subjectively into one of three Physical Education subareas
(education, health or sport) in accordance with its objectives and contents
(main theme). Articles that fit into more than one subarea were classified
by the predominance of content and greater focus on one of the subareas.
Subsequently, it was observed if the article described some statistical
analysis of results. If so, a thorough reading of methods and results was
performed by a single examiner in order to determine whether sample
size calculation was performed. The presence of sample size calculation
was defined by its description or not throughout the article. There was no
judgment on the level of appropriateness of the sample size calculation,
statistical methods used and / or reliability of results. Review articles, letter
to the editor, points of view and original articles that did not perform any
statistical analysis were excluded.

Journals
1.308

Qualis B3-C Qualis A1-B2
572

P v

Multidisciplinary
102

I+I+I

Physical Education
9

Total = 1.299 Total =9

Figure 1. Flowchart of the process of inclusion and exclusion of journals in the study.
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Statistical Analysis

Data description was performed by absolute and relative frequency. The
chi- square test (2x2 contingency tables and linear trend) and binary
logistic regression (expressed as odds ratio [OR] values and confidence
intervals of 95 % [95% CI]) were used to compare proportions. P-values <
0.05 were considered significant. The Biostat 5.0 statistical software was
used for analyses.

RESULTS

The absolute quantification of articles published in the journals analyzed is
shown in Table 1 considering: journal, Qualis-CAPES and publication year.

Table 1. Absolute quantification of articles included (1) and excluded (E) in the analysis of the use of sample size
calculation in the national literature related to the Physical Education area.

Publication year

Journal Qualis* 2010 2011 2012 Total
| E | E | E
Movimento A2 1 46 2 35 3 38 125
Motriz A2 41 39 40 31 49 25 225
RBME A2 69 20 71 16 76 7 259
RBCE B1 30 28 25 38 36 35 192
RBEFE B1 37 10 4 23 38 28 177
RBCDH B1 58 15 59 14 61 12 219
RBAFS B2 30 12 42 18 43 21 166
RBCM B2 40 21 33 22 45 15 176
REF B2 34 26 40 20 26 20 166
Total 340 217 353 217 377 201 1705

*: Qualis Capes listing of 2011; RBME: Revista Brasileira de Medicina do Esporte; RBCE: Revista Brasileira
de Ciéncias do Esporte; RBEFE: Revista Brasileira de Educacdo Fisica e Esporte; RBCDH: Revista Brasileira de
Cineantropometria e Desempenho Humano; RBAFS: Revista Brasileira de Atividade Fisica e Satide; RBCM:
Revista Brasileira de Ciéncia e Movimento; REF: Revista da Educacdo Fisica/UEM.

The use the sample size calculation had a prevalence of 15.2 % (95%
CI: 13.1% - 17.4%) in the analyzed period (2010-2012). There was no dif-
ference (p = 0.862) in use (%) of sample size calculation between years of
2010, 2011 and 2012 (Figure 2).

However, differences were observed between Physical Education
subareas (education, health and sport) (Figure 3), in which the use (%)
of sample size calculation in health (OR = 10.1 [5.27-19.5], p = 0.001) and
education subareas (OR = 7.37 [2.62-20.6], p = 0.001) was higher than in
the sport subarea.

Differences in use (%) of sample size calculation were found between
Qualis - CAPES (A2, B1, B2) in which they were included. Journals ranked
as B2 showed higher use (%) of the sample size calculation in relation to
those ranked as B1 (RC = 00:50 [0.33-0.75], p = 0.001) and A2 (RC = 00:48
[0.31-0.72], p = 0.001) (Figure 4).
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Figure 2. Use (%) of sample size calculation in studies in the Physical Education area in the period between
2010 and 2012
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Figure 3. Use (%) of sample size calculation in studies included in the Physical Education subareas between
2010 and 2012. * Significant difference in relation to Education. ® Significant difference in relation to Health
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Figure 4. Use (%) of sample size calculation in accordance with the Qualis-CAPES of journals. * Significant
difference compared to A2. ® Significant difference compared to B1

DISCUSSION

The present study showed no significant difference between publication
years in the proportions of use of the sample size calculation in national
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journals. There are no studies in literature with similar proposal in the
Physical Education area, which impairs the comparison of our findings with
those of other studies. Moreover, it is noteworthy that the non increase in
the use of sample size calculation in the last three years identifies limitation
without current trend of evolution.

In assessing the Physical Education subareas (Education, Health and
Sport), the number of studies investigating the use of appropriate statistic is
greater in the health subarea. This difference is attributed, at least in part, to
the proximity of these researchers in medical literature, which has strongly
suggested the use of this procedure . Still in the Health area, Charles
et al."* compared the years of 1980 and 2002 and reported a 79% increase
in the number of studies using sample size calculation in international
journals of high impact factor. However, they found that the parameters
required for sample size calculation are often absent in studies. In addition,
when sample size was recalculated in these studies, two-thirds had errors.
Zlowodzky and Bhandari® observed a tendency to use small samples in
most studies and reported that ethical and methodological issues are also
involved. This sample size restriction has the effect of lowering the statisti-
cal power, decreasing the capacity of proving the hypotheses being tested.

In the Education area, Gracio and Garrutti'® reported the need to
bring qualitative and quantitative approaches close to each other in order
to enable a more comprehensive visualization of the results and strengthen
their arguments, often supported only on qualitative analyses. Gracio and
Garrutti'” also found that only 18 % of articles published in the education
area performed statistical analyses. Among these, only 23 % worked with
samples. In our research, the number of studies in this area excluded for lack
of statistical analysis followed this trend; however, from a minority included
in the analysis, approximately 15 % performed sample size calculation.

There are no studies questioning the non-use of sample size calculation
in research conducted in the sport area. This can be justified due to the
fact that studies with homogeneous samples (low variability) are sufficient
for the application of statistical tests with safety', as is the case of research
with athletes. In this sense, Mourdo-Junior'® claim that it is not the sample
size that guarantees good results, but its quality, i.e., its ability to represent
the population studied. On the other hand, Charles et al."* suggest that in
studies that do not use sample calculation, samples are often based on in-
accurate and arbitrary assumptions, mainly driven by the study feasibility
(convenience), resulting in inaccurate interpretations of results.

Regarding the Qualis - CAPES classification, it was expected that in
the best classified journals, the number of articles published using sample
size calculation was greater. However, the findings of this study indicate
that this statistical method was used more frequently in journals ranked as
B2.In agreement with these results, Andrade and Abreu-e-Silva® reported
that even in reputable journals with excellent editorial board, most of the
times the application of the method and / or sample calculation description
is not mentioned in the articles, which is an important methodological
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error’. Moreover, Andrade and Abreu-e-Silva" reported that there is a great
tendency of scientific journals not to value the presence of the sample cal-
culation as well as the correct description of the calculation methodology.
However, in this study, this trend was not confirmed by analyzing national
Physical Education journals in the period between 2010 and 2012. Nev-
ertheless, this result can be explained by the higher proportion of articles
focused on health published in journals classified as B2, since this subarea
showed the highest relative frequency of use of sample calculation (22.1
%), and in additional analyses, the association between the outcome and
the Qualis - CAPES lost significance when adjusted for the health subarea.
Moreover, in the Physical Education area, there is a process of “induction”
of some journals in higher strata of the Qualis - CAPES (even not fulfilling
all the requirements for such inclusion, the area chooses some journals
and ranks them into higher strata [A2]), which is a process that apparently
needs to be further discussed.

Although it is an important tool in the process of scientific research,
the use of sample size calculation needs to be analyzed from other perspec-
tives. For example, studies with animal models typically do not use sample
calculation because they understand that the strict control (genetic, food,
etc) that these samples are submitted leads to the reduction of variability
of results and thus directly affects the power to detect differences'. Epide-
miological studies covering an entire population are another example®, in
which, for obvious reasons, sample size calculation does not apply (however,
they are scarce in our area). Additionally, it is noteworthy that only the
proper use of sample size calculation does not guarantee the quality of the
research, since other methodological procedures such as the quality of the
random sampling and the eligibility criteria are essential”'®. In fact, trying
to calculate a priori (before the start of the experiment), the ideal sample
size for this to be representative of the entire population being studied
may be impractical in some cases and useless. For example, the study of
Mourdo - Junior® indicates that determining the sample size is a dynamic
process that may change as data are collected and analyzed.

One limitation of the study worth mentioning is the absence of a more
detailed analysis of the sample calculations used, i.e., it was not possible to
determine whether it was done correctly. Furthermore, the study period
(three years) was not long enough to establish a perspective on the use of the
sample size calculation in national Physical Education scientific journals.

CONCLUSION

In short, it was concluded that the occurrence of sample size calculation in
scientific studies published in national journals in the Physical Education
area in the period from 2010 to 2012 is low, especially in the sport subarea,
showing no evolution in recent years and no positive relationship with the
higher strata of the journal in the Qualis - CAPES.
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