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ABSTRACT

Background: Context regarding how researchers determine the sample size of their experiments is important for
interpreting the results and determining their value and meaning. Between 2018 and 2019, the journal Gait &
Posture introduced a requirement for sample size justification in their author guidelines.

Research Question: How frequently and in what ways are sample sizes justified in Gait & Posture research articles
and was the inclusion of a guideline requiring sample size justification associated with a change in practice?
Methods: The guideline was not in place prior to May 2018 and was in place from 25th July 2019. All articles in
the three most recent volumes of the journal (84—86) and the three most recent, pre-guideline volumes (60—62)
at time of preregistration were included in this analysis. This provided an initial sample of 324 articles (176 pre-
guideline and 148 post-guideline). Articles were screened by two authors to extract author data, article metadata
and sample size justification data. Specifically, screeners identified if (yes or no) and how sample sizes were
justified. Six potential justification types (Measure Entire Population, Resource Constraints, Accuracy, A priori
Power Analysis, Heuristics, No Justification) and an additional option of Other/Unsure/Unclear were used.
Results: In most cases, authors of Gait & Posture articles did not provide a justification for their study’s sample
size. The inclusion of the guideline was associated with a modest increase in the percentage of articles providing
a justification (16.6-28.1%). A priori power calculations were the dominant type of justification, but many were
not reported in enough detail to allow replication.

Significance: Gait & Posture researchers should be more transparent in how they determine their sample sizes and
carefully consider if they are suitable. Editors and journals may consider adding a similar guideline as a low-
resource way to improve sample size justification reporting.

1. Introduction

have too small a sample size to answer the research question will be rejected. ”
[11].

Context regarding the sample size determination of an experiment is
important for interpreting and determining the meaning of the experi-
ment’s results. For this reason, many reporting guidelines, such as the
CONSORT Statement and extensions [1-5], the STROBE statement [6]
and the recently published PRESENT 2020 checklist (Proper Reporting
of Evidence in Sport and Exercise Nutrition Trials) [7], explicitly require
reporting and justification of sample size calculations. Despite this, a
lack of sample size justification is frequently reported as a source of bias
by systematic reviews across fields. Lately, analysis of the reporting of
sample size justification has become a topic of interest in many fields e.g.
[8-10]. Between 2018 and 2019, the journal Gait & Posture introduced
the following statement in their author guidelines:

“All Articles should include a justification of their sample size. While
there is no set requirement for minimum sample size, studies considered to

This guideline was introduced in parallel with an editorial on “Sta-
tistical guidance for a successful research paper” [12] by the journal’s
Statistical Editor, supported by the journal editors [13]. As the only
journal exclusively focusing on gait and posture research and as the
official journal of the International Society of Posture and Gait Research
(ISPGR), we interpret these publications and guideline inclusion as a
positive step for our field, indicating a willingness to improve how we
plan and analyse our studies.

There has not yet been a systematic analysis of sample size justifi-
cations in the field of gait and posture research. It is therefore unclear
how researchers in this field determine their sample sizes and how these
determinations are reported. There are many possible justifications of a
study’s sample size and each has its own implications for both study
design and interpretation of results [14]. It would, for example, be
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valuable for the field to determine whether sample sizes are generally
justified using a priori power analyses based on either an expected effect
size or minimum effect size of interest and if these effect sizes are well
established or not. Alternatively, limited resources may be a larger
driving force for the sample sizes seen in this field, particularly due to its
overlap with clinical and athletic populations (limited number of
available participants), indicating a need for large collaborative pro-
jects, or which might manifest as financial limitations associated with
equipment use, which might again indicate the need for large collabo-
rations or further development of lower cost equipment. The recent
addition of this guideline also provides an opportunity to examine if this
relatively simple change is associated with a positive change in practice
with more transparent declaration of how sample sizes were deter-
mined. Once transparent reporting becomes the norm, it will create
opportunities for more rigorous field-wide analyses of these issues.

To make an initial evaluation of sample size justifications in this
field, we screened samples of articles from Gait & Posture, including
both the most recent volumes, and the latest volumes before the inclu-
sion of this guideline. We also determined the frequency of various types
of sample size justifications based on the most common justification
types outlined in “Sample Size Justifications” by Lakens [14] (Table 1).

2. Method

This study’s rationale, data collection and analysis plans were pre-
registered on the Open Science Framework [15] and all materials and
data can be found on the OSF Project Page [16].

2.1. Determining the date of introduction of the author guideline

Following communication with colleagues, checking the website
“WayBack Machine” (https://web.archive.org/) and web searches for
PDF versions of the author guidelines, it was determined that the
guideline was not included in the May 2018 version of the author
guidelines (copies of the guidelines were found in the appendices of two
postgraduate dissertations from Universidade de Brasilia [17,18]) and
was included in the September 2019 version. Following communication
with the Deputy Editor of Gait & Posture, it was determined that while a
precise date of the inclusion of the guideline was not known, the pub-
lisher confirmed that it was included in a version of the guidelines dated
25th July 2019 (J. Stebbins, personal communication). As a result, we
could confirm that the guideline was not in place prior to May 2018 and
was in place from 25th July 2019.

2.2. Sample size determination

This was a short-term project with time limitations. Therefore, a

Table 1
Overview of Possible Justifications for the Sample Size in a Study (adapted from
Lakens [14]).

Type of Justification When is this Justification Applicable?

Measure entire
population
Resource constraints

The researcher can specify the entire population, it is finite, and it
is possible to measure (almost) every entity in the population.
Limited resources are the primary reason for the choice of the
sample size the researcher can collect.

The research question focusses on the size of a parameter, and a
researcher collects sufficient data to have an estimate with a
desired level of accuracy.

The research question has the aim to test whether certain effect
sizes can be statistically rejected with a desired statistical power.
The researcher decides upon the sample size based on a heuristic,
general rule or norm that is described in the literature or
communicated orally.

The researcher has no reason to choose a specific sample size, or
does not have a clearly specified inferential goal and wants to
communicate this honestly

Accuracy

A-priori power
analysis
Heuristics

No justification
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sample size of articles to screen was determined based on this resource
constraint. Given the weekly time commitment feasible for the authors
and the period within which the data collection should be completed, as
well as an estimated rate of 13 articles screened per hour based on
piloting (see pilot details below), a total of approximately 312 articles,
each screened by two authors, was considered feasible. Since the earliest
confirmed date of guideline inclusion (25th July 2019) until and
including May 2021, 14 complete volumes of the journal were published
(Volume 73-86) including approximately 600 articles (reviews
excluded). In order to have a sample most representative of current
practice, the three most recent volumes of the journal (84—86) and the
three most recent, pre-guideline volumes (60—62) at time of preregis-
tration were included. This provided an initial sample of 324 articles
(176 pre-guideline and 148 post-guideline).

2.3. Procedures

Prior to data collection and screening, the authors read and discussed
the article “Sample Size Justification” by Lakens [14]. The purpose was to
ensure that all authors were aware of the concepts and issues in this
topic and would understand the characteristics of common justifications
of sample size and how to distinguish them from each other.

To standardise the screening process, a draft instruction sheet and
standardised excel results sheet were prepared to guide the screeners.
Items included Screener Initials, Article First Author Surname, Title, Pub-
lication Year, Journal Volume, DOI number, Received Date, Accepted Date, If
the article involved live human participants (no secondary analyses or
retrospective database studies were considered) and Total Sample Size.
Additionally, screeners were asked if a sample size justification was
provided (yes or no) and if so, in which section of the article it was found
and what type of justification was used. Six potential justification types
were specifically included as options based on the article of Lakens [14]
(Table 1) and an additional option of Other/Unsure/Unclear was
included, with the intention that this would be discussed after screening
was complete. Note that a “No Justification” justification was only
selected when the authors explicitly stated that they had no justification
for their chosen sample size. Screeners were also asked to copy and paste
the relevant text from the articles into the excel sheet.

A pilot data collection on eight preselected articles was conducted to
test the draft screening instructions and to have an estimate of the time
required for article screening. The project leader (CM) pre-selected eight
articles to include a range of justification types, detail and perceived
clarity. The other four authors then performed the screening and timed
their work. On average, it took approximately 4.5 min per article
(mean=4.56 min, SD=0.98 min). Some contradictions in responses and
classifications were found and these were discussed. The screening in-
structions were then updated based on identified issues and to reduce
the risk of human error (i.e. overlooking relevant text). The draft and
final screening instructions, as well as the pilot results file can be found
on the OSF Project Page [16]. The final screening instructions are
included in the supplementary materials.

In preparation for the full article screening, the lead author (CM)
downloaded all non-review articles per volume from the journal website
in PDF format. Articles were combined from the target volumes in a
single folder and arranged alphabetically with the title as filename.
Based on the availability of the various authors, these articles were
distributed among the authors such that all articles would be screened
by two authors. Following screening, the lead author combined the re-
sults in a single sheet and identified disagreements. These disagreements
were resolved by a combination of the original screeners re-evaluating
their assessment, discussion between the screeners and a third author
acting as a tie breaker. It was planned a priori to report the results in a
descriptive manner in terms of frequencies of the outcomes relative to
the pre- and post-guideline samples [15].
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3. Results

324 articles (176 pre-guideline and 148 post-guideline) from the
non-reviews section of Gait & Posture volumes 60-62 and 84-86 were
screened. Of these, one corrigendum and one author response article
were excluded. Articles reporting secondary analysis of data not
involving live participants for the first time were then identified and
excluded (17 pre-guideline articles and 20 post-guideline articles). The
presence and type of sample size justifications were determined for the
remaining 157 pre-guideline and 128 post-guideline articles.

Pre-guideline, 26 articles (16.6%) included an identifiable justifica-
tion of their sample sizes and post-guideline, 36 articles (28.1%)
included a justification (Fig. 1). A priori power analyses were the
dominant type of justification (Table 2). The proportion of articles with
no justification decreased post-guideline and the proportion of articles
where the sample size justification was unclear slightly increased
(Fig. 1).

Eleven pre-guideline articles and 14 post-guideline articles were
considered to have unclear sample size justifications. Pre-guideline, the
11 articles involved the authors referring to convenience samples, but
without enough detail to determine whether the sample size itself (as
opposed to the method of recruitment) was chosen out of convenience,
which we could have considered a resource-based justification. Post-
guideline, the 14 articles with unclear sample size justifications
included 11 mentioning convenience samples but lacking other details.
Two of the 14 studies claimed that sample sizes were based on previous
research but did not provide sufficient detail to determine if this led to a
power calculation or a heuristics-type justification and one study justi-
fied their sample size with a post hoc sensitivity power analysis that was
clearly not used to determine the sample size a priori.

We originally planned to describe and not analyse the sample sizes of
the study, but it is interesting to note that the median sample size in each
category of justification decreased over time, particularly in the articles
with sample size justifications (Fig. 2). Sample sizes of the included
articles, categorised by time point and justification status, are shown in
Fig. 2. Overall, the median sample size was 30, with median sample sizes
of 29.5, 30 and 30 for articles with, without and with unclear sample size
justifications, respectively.

== Without Justification
mmm  \Vith Justification
80

n of Articles

Post-Guideline

Pre-Guideline

Fig. 1. Number of articles screened pre- (Gait & Posture Volumes 60-62) and
post-guideline (Gait & Posture Volumes 84-86) with percentages of articles
with and without justifications and with unclear justifications.
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Table 2
Types of Sample Size Justifications Reported Pre- and Post-Guideline.

Pre-Guideline Post-Guideline

0
0
0
34

Measure entire population 0
Resource constraints 1
Accuracy 0
A-priori power analysis 23
Heuristics

No justification
Other/Combination
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Fig. 2. Analysed sample sizes of the included studies categorised by publication
pre- (Gait & Posture Volumes 60-62) and post-guideline (Gait & Posture Vol-
umes 84-86) and by the presence of sample size justification or lack thereof
(individual data points, medians and 95% confidence intervals).

4. Discussion

We aimed to evaluate sample size justifications in the gait and
posture research field and to make an initial assessment of whether the
inclusion of a sample size justification requirement in a journal’s author
guidelines would be associated with a positive change in practice. Our
results from 157 pre-guideline and 128 post-guideline articles demon-
strate that authors of Gait & Posture articles do not provide a justifica-
tion for their study’s sample size in the majority of cases and that the
inclusion of the author guideline requiring such a justification was
associated with a modest increase in the percentage of articles providing
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a justification (16.6-28.1%).

Given that only 28.1% of post-guideline articles include a sample size
justification, we conclude that adherence to this guideline is not a
(consistent) criteria for publication enforced by the journal or publisher.
Nevertheless, it does appear that the inclusion of the guideline is asso-
ciated with an, albeit modest, increase in sample size justification
reporting. As a result, it seems that simply including a few sentences in a
journal’s author guidelines may be sufficient to have a small positive
influence on practice and can certainly be recommended for other
journals looking for low-resource ways in which to improve the trans-
parency of articles published. However, due to the nature of the study,
we are not able to determine causality between the inclusion of the
guideline and the changes in sample size justification and can only infer
an association. One other reason for the observed changes may be an
increased awareness among researchers of the importance of explicitly
providing sample size justifications and increased openness and trans-
parency more generally. There have been related publications and de-
velopments in adjacent and overlapping fields of sports science,
biomechanics and physiology [7,19-24] that may have played a role in
this way. One other reason may be changes over time in funder, uni-
versity or ethical review board criteria that filter through to the pub-
lished manuscripts. It should also be kept in mind that change in the
proportion of articles reporting sample size justifications is no guarantee
that the justifications are correct or appropriate. Rigorous sample size
planning, justification and power analyses can be time consuming and
require considerable expertise. Requiring justification without any
quality control may lead to an increase in poorly or nefariously con-
ducted power analyses (or “power analysis hacking") [25] simply in
order to fulfil this requirement. Asking authors to produce well planned
and substantiated justifications for their sample sizes at the journal
submission stage may be too late to ensure quality since the study has
already been conducted. We strongly recommend that researchers spend
time prior to data collection considering and planning what sample size
will be appropriate to address their aims and that ethical review boards
place more focus on this aspect of study design, while adjustments can
still be made.

As can be seen in our data (available in the supplementary material
and on the OSF Project Page [16]), many of the a prior power analyses
performed in the included studies based their expected effect sizes on
single (often pilot) studies and smallest effect sizes of interest or clini-
cally meaningful differences were rarely mentioned. Pilot studies serve
particular purposes in the research process, but suitably powered hy-
pothesis testing is not typically one of them and as such, these small,
underpowered analyses are not a reliable basis for power calculations
[14,26-28]. Combined with a lack of detail on smallest effect sizes of
interest or clinically meaningful effects sizes, this creates difficulty
drawing or trusting the conclusions of a study; it is often not clear if the
effect size powered for is reasonable or meaningful [29]. Additionally,
the articles screened often did not provide sufficient information to
replicate the power analyses. For example, often the values and justifi-
cations used to determine the effect sizes and the type of statistical test
used were not specified. Each of these issues potentially reduces the
quality, reliability and interpretability of the studies [30]. Similar results
have been found in other fields [9,10,21,31-36]. For example, in or-
thopaedics, it has been reported that the majority of studies with power
analyses do not provide rationale for the effect size used in their power
calculations [9] and that almost half of the power analyses cannot be
replicated [35]. In the Journal of Biomechanics in 2018-2019, 29 of 653
experimental papers reported conducting an a priori power analysis,
about half of which could be replicated using the information provided
[36]. While these issues are not unique to our field, power analyses
urgently require attention in gait and posture research and the data
provided in this article may provide a starting point.

It is worth noting that only one study justified their sample size based
on resource constraints. However, most research is affected by resource
constraints to some extent, whether that be lab time, contract length,
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cost of measurements or available funding, or more recently, pandemic-
related lab closures. As Lakens [14] highlights, while resource con-
straints may not be the primary justification of sample sizes, they are
usually secondary justifications. We therefore recommend that re-
searchers consider and report these restrictions when justifying their
sample sizes in the future and we refer readers to previous work dis-
cussing this issue [14,37].

While not the focus of this analysis, we did not observe many dif-
ferences in sample size between articles with and without justifications
and overall, we found a median sample size of 30 participants. This is
slightly higher than the median sample size in other related fields, for
example in a sports science journal from 2017 to 2020 (median of 19
participants) [21] and in three applied biomechanics journals in 2009
(median range of 12-18 participants) [19,38]. While larger, 30 partic-
ipants may not be sufficient to detect meaningful changes in some pa-
rameters. For example, very small changes (in absolute terms) in
measures of step variability may be clinically meaningful [39] and could
require anywhere between 39 and 192 participants (depending on the
correlation between repeated measures) in a within participant (i.e.
pre-post) comparison [40]. Similar to our findings in Gait & Posture, it
has been reported that sample sizes in the Journal of Applied Biome-
chanics and the ISBS (International Society of Biomechanics in Sports)
Proceedings did not appreciably change over time (1989-2009) [19,41].

It should be kept in mind that we analysed three issues pre-guideline
and three issues post-guideline. As Gait & Posture publishes eight reg-
ular issues per year, we feel that this will be a representative sample of
the articles published by the journal, but the decision to include six is-
sues was based on resources constraints and not on a sample size
calculation based on power or precision of analysis. Also, the results
from this analysis are specific to one journal and while this is the single
society-associated journal for research on posture and gait, it is by no
means the only publication outlet for this community and research field.

5. Conclusion

In the majority of cases, authors of Gait & Posture articles do not
provide a justification for their study’s sample size. The inclusion of an
author guideline requiring such a justification was associated with a
modest increase (16.6-28.1%) in the percentage of articles providing a
justification from volumes 60-62 (February, March and May 2018) to
volumes 84-86 (February, March and May 2021). However, it is
important to note that encouraging reporting of sample size justifica-
tions does not ensure that these justifications are appropriate or of high
quality (the majority of the observed power analyses were not reported
in sufficient detail) and this should be a point of attention in the future.
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