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ABSTRACT

Purpose. The aim of this research was to develop a dynamic balance test and examine its reliability by comparing first
trial results with the average and best ones from multiple attempts.

Methods. Overall, 32 volleyball players (aged 11.3 = 0.67 years) were investigated in 2 sessions (with a 14-day interval),
each consisting of 3 trials of the modified bench walk with 3 turns (MBW3T) test. Three test methods were compared: first
trial MBW3T ,.11), average result (MBW3T,,...), and best result (MBW3T),.). A paired-sample ¢-test determined differences
with an effect size. Test-retest reliability was assessed with an intraclass correlation coefficient.

Results. The paired-sample t-test revealed no significant difference in performance between test and retest for MBW3 T,y
(t=0.01, p = 0.99), MBW3T,.., (t =-0.46, p = 0.65), and MBW3T,, (t = -1.05, p = 0.30). Standard error of measurement
(SEM) as the absolute reliability within-individual variation parameter showed that MBW3T,;,;; had higher variation than
MBW3T,can and MBW3T),;, in which the measurement error was minimal. To identify usefulness, we calculated the smallest
worthwhile change and compared it with SEM for different effect sizes; the test was rated marginal to satisfactory. The
study results indicated fair reliability when the first trial was observed and good reliability for the mean and best of 3 trials.
Conclusions. MBW3T,,.., and MBW3T),, are cheap, simple, reliable, and marginal to satisfactory useful measures for

assessing dynamic balance in youth female volleyball players and can be used in scientific and practical settings.
Key words: coordination, team sports, adolescent, athletic performance, movement

Introduction

Motor coordination appears to be crucial for success
in different sports dominated by different movement
structures, such as gymnastics [1], judo [2], or volley-
ball [3]. Although it is fundamental to performance
development in sport, there is an evident lack of con-
sensus between researchers on the theoretical struc-
ture of motor coordination abilities and reliable and
valid procedures of testing them [3]. On the other hand,
the majority of authors consider dynamic balance to be
an important part of motor coordination and conse-
quently involve it in testing protocols [1, 4]. Balance
is an ability to maintain postural stability of the body
without support throughout the somatosensory, vestib-
ular, and visual systems as a feedback from the central
nervous system [5]. Furthermore, there is a classifica-
tion into static balance ability, when the body is in a sta-

tionary position, not intended to move, and dynamic
balance ability, when the body is in active movement,
trying to maintain balance [6].

Balance is important for children who want to be
engaged in sports activities because maintaining con-
trolled body movement is essential for athletes during
competitions and training [7, 8]. Elite players in team
sports games are supposed to possess optimal balance
control in static and, especially, dynamic conditions,
as well as the ability to move in a controlled way over
the limited playing surface [9]. Good balance reduces
the risk of injury in every period in life [10, 11]. There-
fore, incorporating balance training into the program
has a positive impact on many aspects of sports per-
formance [12].

In numerous studies one can find different protocols
for testing static and dynamic balance in the athlete pop-
ulation, e.g. the Balance Error Scoring System (BESS).

Correspondence address: Karla Dolo, Faculty of Kinesiology, University of Split, Nikole Tesle 6, 21000 Split, Croatia,

e-mail: karla.djolo@gmail.com

Received: September 29, 2021
Accepted for publication: June 4, 2022

Citation: Polo K, Grgantov Z, Jelaska I. Testing dynamic balance in youth female volleyball players: development, reliability,
and usefulness. Hum Mov. 2023;24(3):78-84; doi: https://doi.org/10.5114/hm.2023.116635.



HUMAN MOVEMENT

K. Dolo, Z. Grgantov, 1. Jelaska, Testing dynamic balance in youth volleyball players

BESS was designed to easily assess postural stability
in athletes who are at high risk of contusion, with an
intraclass correlation coefficient (ICC) of 0.90. Despite
a high reliability due to the BESS subcategories, the test
is rated as inadequate for assessing postural stability
[13]. The Star Excursion Balance Test and the Y Bal-
ance Test are also tools for assessing lower extremity
balance and they are applied after the implementation
of a rehabilitation program. Both tests have excellent
inter-rater reliability (0.88-0.96) and therefore they
can be applied in a healthy population [14]. Another
test, the Motor Control Test, in most cases has been
tested among older adults, with a high reliability of
0.85 [15]. All previously mentioned tests are utilized
in computerized dynamic posturography [16], although
very reliable tests are not ‘similar’ to situational move-
ment (lack of ecological validity). It is important to
underline that movement structures in such tests are
in general not dynamic enough owing to the lack of
demands on the proprioceptive and the somatosensory
systems, especially those which influence the reestab-
lishment of posture after a perturbation [17, 18].

Consequently, for an ecologically valid estimation
of dynamic balance among youth team sport athletes,
tests with more pronounced dynamic components
should be developed and examined with reference to
reliability and usefulness. For example, more dynamic
tests should be used, such as the Backward Balance
Test, drawn from the Kérperkoordinationstest fiir
Kinder battery of'tests, or bench walk with 3 turns [4].
The Backward Balance Test has recently been re-
searched for test-retest reliability (0.80-0.95) [19].
There is, however, an evident lack of current investi-
gations on the reliability and usefulness of bench walk
with 3 turns. Furthermore, the performing complexity
of this test clearly indicates a need for its modification;
among others, it should be made more volleyball-spe-
cific and easier to apply in young players or children.

In addition, the assessment of the first trial, the
average result, and the best result of 3 trials have been
used as outcome scores [20, 21]. Owing to lack of time
or general resources, some coaches either do not con-
duct testing at all or implement tests in such a manner
that only one item is performed for each test. There-
fore, that single item would be the first one in our case;
it was compared with the 2 methods recommended by
scientists, i.e. the average result of multiple attempts
and the best result of multiple attempts.

This testing procedure gives a more complete esti-
mation of reliability and usefulness, especially respect-
ing the fact that inter-trial variability is greater in chil-
dren [22]. Following the previously stated facts, this

study aimed to fill the existing gap - to modify the dy-
namic balance ability test in youth female volleyball
players so that it more precisely simulated volleyball-
specific situations. It was hypothesized that the test
would present good reliability and potential usefulness
to assess balance in a sample of young volleyball players.

Finally, the aim of this research was to develop a dy-
namic balance test and examine its reliability by com-
paring first trial results with the average and best ones
from multiple attempts.

Material and methods
Study design

Owing to the issue of finding the most suitable bal-
ance test for youth female volleyball players, this re-
search analysed the reliability and usefulness of the
modified (i.e. ecologically more valid) dynamic balance
test by comparing the first, average, and best results.

Participants

A sample of 36 youth female volleyball players were
recruited from 3 randomly chosen clubs in Herzego-
vina; they represented the same level of training and
competition. During interviews with players, the par-
ticipation criteria were verified: the inclusion criterion
of at least 6 months of training experience and the
exclusion criterion of any kind of injury that would pre-
vent the athletes from testing. Two participants were
excluded from the sample because of the recent inju-
ries. Furthermore, the subjects were asked to identify
their health status; then, another 2 participants were
removed from the sample because of a musculoskele-
tal disorder and recent musculoskeletal injuries.
Finally, a convenience sample of 32 participants (age:
11.3 + 0.67 years, training experience: 6-48 months)
completed both testing sessions. At the time of test-
ing, they had 2-3 workouts per week. The parents of
all participants were informed in detail on the goal of
the research and testing procedures; they were noti-
fied that any player could withdraw from the testing
at any time with no consequence.

Procedures

The test was performed on an indoor floor surface
to control for the environmental conditions. The hall
temperature was ca. 25°C and humidity equalled 65%.
A dynamic warm-up was conducted before the test-
ing and included 4 minutes of jogging and 6 minutes
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of head, shoulder, hip, and knee mobility exercises.
One experienced measurer, the first author of the study,
evaluated all participants. Before the testing, the pro-
cedure was precisely demonstrated to all subjects. After
one preparatory attempt, the individuals performed
the test 3 times, with a 30-second pause between the
trials. The assessment was organized in 2 testing ses-
sions, with a 14-day break between them. Each session
was carried out in the afternoon, between 1:00 and
4:00 p.m. The participants were dressed in shorts and
T-shirts.

Bench walk with 3 turns test

To evaluate the volleyball players’ coordination, we
used the modified bench walk with 3 turns (MBW3T)
test (dynamic balance), in which the participant stands
behind a 3-m long bench [23]. Before the signal is pro-
vided, child has right leg on the bench. At a signal, the
child stands on the bench and tries to walk to the other
end, while making three 360° turns (Figure 1). If the
examinee loses their balance, they can touch the ground
up to 2 times; each touch represents one negative sec-
ond added to the final measured time or, otherwise,
becomes a reason for the test to be repeated. The final
score is gathered as the time from the starting signal to
the touch of the ground behind the bench. The modi-
fication of the test consisted in the fact that the bench
was not turned upside down, and the movement was
performed on the wide side (22 cm), which is 12 cm
wider than the narrow one. Consequently, the test would
not be too complicated and the movements with turns
would be even faster and more dynamic, which is spe-
cific for volleyball.

.. //\ JA /D

Figure 1. Visual representation of the modified bench
walk with 3 turns test

Statistical analysis

All data were analysed with the SPSS Statistics
27.0 for Windows and GraphPad Prism 9 (GraphPad
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Software, Inc.) software and are presented as mean
and standard deviation. The Kolmogorov-Smirnov test
was used to verify the normality of the data. Compo-
nents of reliability such as systematic bias, within-
individual variation, and retest correlation were cal-
culated [24].

A paired-sample t-test was conducted to determine
if there were the significant differences (systematic
bias) between the 2 testing occasions (test-retest). In
addition, the effect size was calculated in accordance
with Cohen’s d. The effect sizes were interpreted as
follows: 0.0 to < 0.2, trivial; 0.2 to < 0.6, small; 0.6 to
< 1.2, medium; 1.2 to < 2.0, large; 2.0 to < 4.0, very
large; and = 4.0, extremely large [25]. Test-retest reli-
ability was assessed by using ICC model alpha with
a 2-way mixed effect and a 95% confidence interval
(CI) when analysing the first trial, the average result,
and the best result [26]. ICCs are considered excel-
lent if larger than 0.75, good from 0.60 to 0.74, fair
from 0.40 to 0.59, and poor if < 0.39 [27]. Further-
more, to identify within-individual variation and the
95% CI over the repeated trials, the standard error of
measurement (SEM) was determined by using the fol-
lowing formula:

SEM = 8D -~N1 -1ICC

Similarly, to identify the 95% CI of changes in scores
which were generated by a real change in score and
not by the error in measurement, minimal detectable
change (MDC) was calculated with the following for-
mula:

MDC = SEM x 1.96 2

The coefficient of variation (CV) expressed as the
percentage of the mean score and CV% below 10% were
considered acceptable [28]. The smallest worthwhile
change (SWC) was also calculated for various effect
sizes (0.2, 0.6, and 1.2 multiplied by the between-par-
ticipant standard deviation) to verify the usefulness
of the test. The usefulness of the test was assessed by
analysing SWC and SEM, where SEM below SWC
indicated good usefulness, SEM similar to SWC was
rated satisfactory, and SEM higher than SWC was
considered as marginal [29].

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the Re-
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search Ethics Committee of the Faculty of Kinesiology,
University of Split, Croatia (approval No.: 2181-205-
02-05-18-002 as of January 8, 2018).

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study and their parents.

Results

The sensitivity of the tests was monitored with the
Kolmogorov-Smirnov test, which revealed no significant
difference between the obtained distribution results
and normal distribution (p > 0.20, skewness = 0.15,
kurtosis = -0.11). The results of the paired-sample
t-test demonstrated no significant difference in perfor-
mance between test and retest for MBW3T,;; (¢ =0.01,
p = 0.99), MBW3T,.., (t = -0.46, p = 0.65), and
MBW3Ty (t = -1.05, p = 0.30). High individual
consistency in results between the 2 testing sessions
(Table 1) was observed for all 3 testing responses (Fig-
ures 2-4).

Table 1. Performance responses during test and retest
of MBW3T

Variable (s) Test Retest ES (95% CI)

MBW3T,. 7.30 (1.57) 7.30 (1.42) 0.00 (~0.34 to 0.35)
MBW3T,een 7.21 (1.20) 7.32 (1.42) -0.08 (~0.43 to 0.27)
MBW3T,.. 6.39 (1.00) 6.59 (1.31) -0.18 (-0.53 to 0.17)

Values are presented as mean and standard deviation.
MBW3T - modified bench walk with 3 turns
(MBW3T 1 — first trial, MBW3T,,.., — mean of 3 trials,
MBW3T, — best of 3 trials), ES - effect size

Furthermore, the relative reliability assessment to-
gether with 95% CI and absolute reliability parame-
ters of the MBW3T test are presented in Table 2. The
test-retest reliability indicates a fair value at the first
trial, while when it comes to mean and best results,
the reliability was good. SEM was investigated as an
absolute reliability within-individual variation param-
eter. It can be observed that MBW3T,,;.;; exhibited
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Figure 2. Scatterplot of the first trial results
of the modified bench walk with 3 turns (BW3T)
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Figure 3. Scatterplot of the mean results of 3 trials

of the modified bench walk with 3 turns (BW3T)
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Figure 4. Scatterplot of the best results of 3 trials
of the modified bench walk with 3 turns (BW3T)

during test and retest

Table 2. Measures of reliability and usefulness of performance variables of MBW3T

Variable (s) ICC (95% CI) p(ICC)  SEM(95%CI)  SWC(0.2,0.6,and 1.2)  CV% MDC
MBW3T 1 0.47 (-0.12 to 0.74) 0.05  5.99 (4.80-7.96) 1.7,5.1,10.2 6.27 16.55
MBW3T,ean 0.68 (0.38-0.84) <0.01  2.38(1.88-3.24) 0.68, 2.04, 4.08 3.40 6.58
MBW3T,,. 0.73 (0.45-0.87) <0.01  0.77 (0.62-1.03) 0.22, 0.66, 1.32 1.10 2.13

MBW3T - modified bench walk with 3 turns (MBW3T ;.1 — first trial, MBW3T,,.., — mean of 3 trials, MBW3T,,, — best
of 3 trials), ICC - intraclass correlation coefficient, SEM - standard error of measurement, SWC - smallest worthwhile
change, CV% - typical error expressed as coefficient of variation, MDC - minimal detectable change
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higher variations compared with MBW3T,,.., and
MBW3T}q-

In the first place, SEM was tested as the absolute
reliability within-individual variation parameter and
it was shown that MBW3T,;.;; presented higher vari-
ation (6.27%) than the MBW3T,,.., and MBW3T,,
results. To identify a meaningful change in perfor-
mance, we calculated SWC by multiplying standard
deviation by 0.2, 0.6, and 1.2, finding that SEM was
higher than SWC for variables that were multiplied
by 0.2 and 0.6.

Discussion

This study aimed to modify the bench walk with
3 turns test so that the ecological validity was even
more emphasized, as well as to examine the reliability
and usefulness of this test. In doing so, the existing
testing procedure was modified in a way that the move-
ment was performed on the wide side of a bench so the
test performance was faster, more dynamic, and there-
fore more volleyball-specific. After all, it has to be
underlined that a very limited number of studies deal
with dynamic balance issues in volleyball so the results
of this research are found to be hard to compare with
previous outcomes. The test-retest reliability was ob-
served through ICC and the results of MBW3T,c.n
and MBW3T),.,; showed good reliability. It can be con-
cluded that both approaches are useful in the assess-
ment of balance ability. The MBW3T test included
reactions to postural disturbances evoked by abduc-
tion-adduction movements (i.e. turning around). Con-
sequently, the application of more difficult tasks and
posturokinetic activities leads to larger errors, which
is an age-dependent process [30]. If MBW3T was im-
plemented in a population of volleyball beginners
(i.e. children), the number of turns should probably be
reduced and reliability would increase. When deal-
ing with younger age categories, one has to take into
account that at the age of 12, dynamic balance, along
with spatial orientation and rhythmic capacity, are the
most frequently dominating abilities in volleyball [31].
Furthermore, at the age of 15, volleyball players show
the best results in dynamic balance. Considering the
previously stated facts, one can conclude that there is
a possibility to obtain higher reliability indexes in an
observed sample. Also, in the context of junior and sen-
ior age categories and the interaction of their coordi-
nation capacities with long-term training processes,
it would be of interest to examine reliability indexes
in that population [23, 32].

82

Moreover, the SEM values, as an estimate of the
measurement error, indicate that the typical score in
MBW3T,,can and MBW3Ty,, variables can deviate by
2.38 to 0.77 seconds. Additionally, SEM is used to
calculate MDC [33]. When observing MDC, it is im-
portant to monitor progress, in this case, of volleyball
players so that intra-trial variations do not inaccurately
suggest a change [31]. In this research, random error
was found to be low, which is reflected in good reli-
ability.

The usefulness of the test was examined by com-
paring the results of SWC,, 6, ana1.2) with SEM. It can
be concluded that the test can be utilized to detect
changes that exceed 0.6-1.2 times the test standard
deviation [29]. SWC,, showed marginal usefulness
and SWC presented a satisfactory level of usefulness
of the test. It should be noticed that poorer results in
MBW3T .11, with low reliability and usefulness, can
be of great importance for practitioners. With this in
mind, one should not conduct fewer than 3 testing trials
so that conclusions can be drawn by using the mean
or best result of 3 trials because they are equally reli-
able [34]. The modification of the test was introduced to
make the performance level adjustable for the children
and it has shown to be a reliable measure. Also, the
test modification is reflected in the dynamic aspect
as volleyball is among the most dynamic sports [35].
The dynamic balance performance would have prob-
ably been even better if the participants had applied
positive self-talk during the task as a motivation strat-
egy [36]. It would have been more effective if the meas-
urer had motivated the children with a precisely de-
fined positive talk before their performance.

This research had some limitations. First of all, the
study involved a relatively small sample size - it is un-
known if a larger sample size would have brought about
similar results. The second limitation is the fact that
aspects of validity were not analysed. Moreover, in
future research, the test would be even more dynamic
if the number of turns is to be reduced. Most studies
focus on the clinical application of balance and less on
athletes, and the vast majority of them are based on
computerized dynamic posturography. Consequently,
another limitation refers to the impossibility of com-
parison with other, similar studies. Additionally, only
female athletes were tested, which limits referring the
results to male athletes.

In practice, balance tests are in most cases expensive
to perform. This study indicates reliability of a dynamic
balance test that is simple and inexpensive and there-
fore can be applied in all sports, not only volleyball.
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Conclusions

Testing balance ability in children with the MBW3T
test revealed a good level of test-retest reliability for
2 testing procedures (mean and best results). These
findings indicate that there is a need to perform more
than one trial for the test to be reliable. Nevertheless,
the study proves that MBW3T can be considered as
a cheap, reliable, and satisfying tool for dynamic bal-
ance estimation and can be used in scientific and prac-
tical settings, especially in coordination monitoring in
longitudinal research designs.
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