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Abstract

The pro-agility shuttle is commonly used by practitioners to
assess Change of Direction (COD) performance in athletes.
The metric of total time is influenced by accelerative and
declarative ability and makes “true” COD ability difficult to
quantify. The aim of this study was to determine whether an
advanced diagnostic protocol, with three timing lights, could be
used to reliably measure different components of pro-agility
shuttle performance. The traditional set-up was adapted, and
additional timing lights were placed 2.28 m from each COD
line, enabling different phases of COD performance to be
quantified. Ten participants (age: 16.1 + 0.32 y, height: 1.81 £
0.11 m, body mass: 76.6 + 18.04 kg) completed three sessions,
consisting of three trials, separated by one week. Absolute and
relative consistency was assessed using Coefficients of
Variation (CV) and Infraclass Correlation Coefficients (ICC)
respectively. A one-way ANOVA was performed to determine
whether between-day performance differences existed.
Systematic changes were identified between sessions 1-2 for
COD1, Moderate Intensity 501, Moderate intensity 105,
Stationary 5-0-5 and Flying 5-0-5 (-7.37%, -4.20%, p<0.05).
However, between session performance stabilized and no
significant differences were observed between sessions 2-3 in
any of the COD phases. Comparisons between sessions 2-3
resulted in low typical error (CV<4.42%) and excellent relative
consistency (ICC>0.90) for all sub-tests. It would seem that the
components of the pro-agility test can be measured reliably
and therefore can provide valuable diagnostic information to
the practitioner to guide COD programming.

Keywords: Change of direction; Speed; Testing; Athlete
performance

Introduction

The knowledge of the physical components that contribute to
athlete performance has gradually deepened as practitioners seek to
assess and develop athletes. Notably, the capability to Change
Direction (COD) is imperative for successful performance in many
sports [1-3]. The pro-agility shuttle is one such assessment that has
been widely adopted in field sports such as Baseball/Softball [4],
Soccer [5] and American football [6] as a tool to develop and
distinguish between athletes’ performance for team selection purposes
[6,7]. The pro-agility shuttle is comprised of two 180° CODs, 4.57 m
(5 yard) and 9.14 m (10 yard) linear sprints and has been found to be a

reliable assessment of 180° COD ability (ICC=0.90, CV=2.19)
athletes [8].

A limitation with the pro-agility shuttle is that total time as a
measurement of performance has been shown to be influenced by
linear sprint ability [9]. Practically meaning, an athlete can
compensate for poor COD performance with good sprinting ability, as
identified in other 180°C COD tests, such as the 5-0-5 [10]. This
problem can be addressed by assessing linear sprinting and COD as
individual performance components [7,9,11]. An example of this is
where the 5-0-5 COD test has been updated to include the COD
deficit, the average difference between 5-0-5 and 10 m sprint times,
providing a practical measure for isolating COD time and better
recognizing athlete COD ability. The 5-0-5 test and linear sprint ability
have both been found to be “low” to “excellent” measures of
reliability [12,13]. While the differentiation between speed and COD
performance have been addressed for other 180°C COD tests, only
one study [14] has investigated the differentiation of speed and COD
performance in the pro-agility, providing insights into different athletic
capabilities.

The ability to distinguish between measures of accelerative (i.e.,
acceleration and re-acceleration) and COD may improve our
understanding of an athlete’s concentric and eccentric capabilities
[9,10]. For example, early acceleration requires concentric action of
the muscle, where propulsive forces are a product of powerful
concentric action of the muscle [15,16]. Alternatively, deceleration is
dependent on eccentric strength as the eccentric nature of deceleration
requires athletes to tolerate high braking forces [17,18]. Additionally,
possessing high levels of isometric strength will allow athletes to
withstand high forces that occur during the plant phase benefitting
COD technique, allowing the athlete to maintain optimal body
positioning [17,19,20]. Therefore, in order to perform a COD
successfully, it is imperative that athletes possess sufficient concentric
strength, eccentric strength, and isometric strength [15,21]. The use of
advanced diagnostic protocols may enable a more in-depth analysis of
pro-agility shuttle performance by decompartmentalising components
of the test. For example, a single study by Forster et al. [14] used
additional timing lights, placed 1 m before the COD line, to identify
the different phases of the pro-agility shuttle. Additionally, Clarke et
al. [22] used a beam-based ground contact system (Opt Jump, Micro
gate, Italy) and timing lights (Witty, Micro gate, Italy) to investigate
different phases of the 5-0-5, and found phases of initial approach
time, entry time, full approach time, time to plant, exit time, and 505
COD time to be reliable (CV=2.3-6.3%, ICC=0.73-0.94). The
findings of Forster et al. [14] and Clarke et al. support investigation of
individual phases within 180°C COD tests. However, the entry
distance used by Clarke et al. was consistent; therefore it is unknown
how performance may vary between entries of different starting
distances.

Movement velocity before and after COD in the pro-agility shuttle
may be dependent on entry distance, eliciting different loading
requirements. An example of this is that greater eccentric loading is
required during deceleration into the second COD in the pro-agility,
compared to that required for the first COD, due to a longer entry
distance allowing for higher velocities to be reached before
deceleration occurs [20,23]. Similarly, higher and lower reactive
acceleration ability out of a COD may also be present in the pro-
agility shuttle, as determined by the eccentric-concentric force
capability from 5 m and 10 m entries [20,23]. Early acceleration from
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a stationary position, such as that performed in the stationary 5-0-5
[24], relies more on concentric muscle action to propel athletes over
the first 5 meters, where relatively slow COD entry velocity will
require relatively low eccentric loading [17,20]. Alternatively, during
reacceleration from relatively faster COD entry velocities, due to
accelerating from a flying start as those seen in the flying 5-0-5, will
be more indicative of higher eccentric strength and elastic capabilities
of the athlete [17,25].

Finally, although phases of the pro-agility shuttle were initially
measured by Forster et al. [14], they acknowledged that reliability of
measures may improve when timing gates are placed at equal
distances between the COD and start/finish lines. In doing this,
modified versions of the aforementioned tests may be built into the
pro-agility shuttle as sub-tests (i.e., 4.57 m and 9.14 m sprints,
stationary 5-0-5 and flying 5-0-5 into the first and second 180° COD).
Therefore, the pro-agility may provide more diagnostic information
than a singular test time, while minimizing athlete fatigue caused by
evaluation of multiple speed and COD assessments [14,26,27]. While
advanced protocols have enabled the differentiation between linear
and COD speed for the 5-0-5 test, it is currently unknown whether an
advanced diagnostic protocol can be used to reliably determine
performance between different phases and sub-tests of the pro-agility
shuttle.

Given that COD performance is comprised of multiple speed and
COD components, it is of interest to investigate whether the individual
qualities which constitute the pro-agility shuttle can be measured
accurately and consistently. Therefore, the aim of this study is to
investigate the reliability of different phases and sub-test measures
(i.e., linear acceleration, reacceleration, and COD phases), in field
sport athletes, by advancing the diagnostics provided by the pro-agility
shuttle. We hypothesized that after appropriate subject familiarization
with the pro-agility shuttle; all sub-test measures would be reliable.
Additionally, we hypothesized that given the complexity of COD
performance, the measures of COD would be more variable relative to
linear sprinting performance.

Methods

Experimental approach to the problem

To analyses the reliability of an advanced diagnostic protocol for
the pro-agility shuttle, a repeated measures analysis of male field sport
athletes was conducted. Subjects performed maximal effort attempts
of the pro-agility shuttle, with two additional timing gates placed at
2.28 m (2.5 yards) prior to each COD line. To determine whether
between-day performance differed, absolute consistency using
Coefficient of Variation (CV) and relative consistency using
InfraclassCorrelation Coefficient (ICC) were also used to determine
the reliability of total time and sub-test performance.

Subject

Ten male high school field sport athletes (Age: 16.1 £ 0.32 y,
Height: 1.81 £ 0.11 m, Body mass: 76.6 + 18.04 kg) participated in
this study. All subjects participated in field sports requiring 180°C
CODs, had an average training age of 4.50 + 0.50 y, and wererequired
to be healthy and free of injury at the time of testing. After being
orally briefed on the methods and reading the information sheet,
subjects provided their written informed consent, or assent, prior to
participating in this study and where appropriate, subjects’ guardians

provided written consent. Subjects were notified that they were free to
withdraw from the study at any point. This research was approved by
the Auckland University of Technology Ethics Committee (20/67) and
conforms to the Declaration of Helsinki.

Procedures

Testing was conducted on an indoor hardwood floor. Wearing the
same clothing and footwear, subjects were required to attend four
sessions: one familiarization session where the subjects were
accustomed with performing the pro-agility shuttle and three testing
sessions. By asking the subjects to come in for three testing sessions,
this allowed researchers to compare performance between sessions
(i.e., session one and two and session two and three) and determine the
reliability of sub-test performances with the new diagnostic setup.
Testing sessions were conducted seven days apart, at the same time of
the day, under the same experimental conditions. Each testing session
lasted approximately one hour. During each session, subjects
performed a standardized warm up consisting of progressive sprint
and COD drills interspersed with dynamic lower body stretching,
followed by three pro-agility trials at 70%, 90% and 100% intensity
[14].

For the pro-agility run, the subjects started on a centerline facing
perpendicular to the running direction [28]. The subjects sprinted 4.55
m to the left, then 9.10 m to the right, and 4.55 m back to finish the
test as they crossed the centerline, always turning on their dominant
leg. Three trials on each testing session were used to gather average
performance data and minimize the effect of best performances
confounding the results [29,30]. Three minutes of passive rest was
provided between trials to limit performance fluctuations resultant
from fatigue and decrease risk of injury [7,31].

Equipment

To quantify COD performance, timing gates (Smart speed, Fusion
sport, Finland) were set at the start/finish line and 2.28 m either side of
the start line (i.e., 2.28 m between the start/finish and each COD line)
(Figure 1) [32,33]. Timing gate height was set at 0.85 m for the start/
finish to correspond with approximate center of mass and gates 2.28
meters from each COD were set at 0.75 m to account for subject’s
lower center of mass during the COD [34]. This set-up enabled total
time (i.e., 18.2 m) and associated sub-tests to be measured (Table 1).

Split Name Explanation/ Proposed
Distance Quality

1 Acceleration 1 Acceleration Starting
from gate 1 to acceleration
gate 2.

Distance=2.28
m.

2 COD 1 Timing 2.28 m Lower velocity
entry and exit of entry COD
the first COD. ability
Distance  4.57
m.

3 Reacceleration Acceleration Low load Initial

1 from gate 2 to accelerative/
gate 1. reaccelerative
Distance=2.28 ability
m.
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4 Acceleration 2 Acceleration Final
from gate 1 to accelerative
gate 3. ability
Distance=2.28 !
mls ance copi Acceleration 1 l<Reac:eIeration 2 cop2 ,
. 1
> Reacceleration 1 3 Acceleration 2 [
5 COD 2 Timing 2.28 m Higher velocity i
entry and exit of entry COD !
the second ability 2a8m 228m 2.28m 228m )
COD. Distance e e
=4.57 m.
6 Reacceleration Acceleration High load initial Figure 1: Advanced pro-agility shuttle protocol.
2 from gate 3 to accelerative/
gate 1. reaccelerative .. .
Distance=2.28 ability Statistical analysis
m.
The two fastest trials from each session were averaged for all the
Sub-Test variables of interest and used for subsequent analysis [35].
i i Assumptions of normality were assessed using a Shapiro-Wilks test
Acceleration Moderate From gate 1 Stationary 501 . . . s
1+COD 1 intensity 501 | through gate 2, | (moderate and' homogenelty of variance was calculated' using th'e Levene’s
(MI501) 1800C  COD | intensity statistic to test for outliers. Thereafter, descriptive variables were
back to gate 2.| eccentric quantified using IBM SPSS statistical software package (version 25.0;
51|stance—6.84 I::;;gﬁity) IBM Corporation, New York, USA). Data was reported using 95%
i Confidence Limits (CL) and means. Reliability was established using
CcoD Moderate From gate 2, Moderate airwise analysis. Each dependent variable was investigated between
p y P g
1+F§eaccelerat| '(R}Iﬁ‘gg)y 105 ':hSOOCh CtODé reactlwe ’ the first and second sessions and between the second and third
on rough gate accelerative . . . .
o gate 1.| abiity sessions. A One-way Analysis of Variance (ANOVA) using repeated

Distance=6.84
m.

time.
Distance=18.28
m.

Acceleration 2 High intensity From gate 1, Flying 501 (high
+COD 2 501 (HI501) through gate 3, intensity
1800C COD eccentric
back to gate 3. loading
Distance=6.84 capability)
m.
COD 2 High intensity From gate 3, High  reactive
+Reacceleratio 105 (HI105) 1800C  COD, accelerative
n2 through gate 3 ability
to gate 1.
Distance=6.84
m.
Acceleration 1 Stationary 505 From gate 1 Moderate
+COD through gate 2, intensity
1+Reaccelerati 1800C COD, eccentric
on1 back  through loading and
gate 2 to gate reactive
1. accelerative
Distance=9.14 ability.
m.
Acceleration 2 Flying 505 From gate 1 High intensity
+COD through gate 3, eccentric
2+Reaccelerati 1800C  COD, loading and
on 2 back  through reactive
gate 3 to gate accelerative
1. ability
Distance=9.14
m
All Total time Pro-agility total All the above

Tablel: Pro-agility diagnostic sub-test categorization and proposed

physical qualities measured.
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measures was used to determine whether between-day performance
differed for total time and each of the twelve sub-tests. A secondary
one-way ANOVA was used to compare between phase performances
of relative distances (e.g., Acceleration 1 vs. Acceleration 2 and flying
5-0-5 vs. stationary 5-0-5) within session 3. To determine if systematic
differences were presented between testing sessions one to two and
two to three, and between phases of session 3, a Bonferroni pair wise
comparison was used. Absolute consistency between sessions was
assessed by the root-square-mean method to calculate CV [36,37],
mean percentage change and relative consistency using test-retest
correlations was measured via ICC using a two-way random model
and averaged measures [38]. CVs of less than 10% were deemed
acceptable as a percent of typical error [39]. Categorization of ICC
was deemed as follows: ‘very poor’ (<0.20), ‘poor’ (0.20-0.49),
‘moderate (0.50-0.74), ‘good’ (0.75-0.90) or ‘excellent’ (>0.90) [40].

Results

The mean and standard deviation for each session’s sub-test results
are displayed in Table 2. The only significant difference observed
existed for COD1, moderate intensity 501 (MI501), moderate intensity
105 (MI105), stationary 5-0-5 and flying 5-0-5 between the first two
sessions (-7.37%-4.20%, p<0.05), with no significant differences
being observed between the last two sessions. Between sessions 1-2
mean change in total time ranged from -6.28% to 1.19% and between
sessions 2-3 the change in mean was between (-0.38%-1.36%) for all
conditions. The change in mean was smaller in sessions 2-3 compared
to sessions 1-2 for all variables measured.

Regarding absolute consistency, CVs ranged from (0.95%-10.22%)
for both days, averaged CV between session 1 and 2 was 7.15% and
between sessions 2 and 3 was 1.74%. Only Acceleration 1 and COD2
had an unacceptable CV (>10%) between sessions 1 and 2, with all
measures reporting acceptable CVs (<4.42%) between sessions 2 and
3.
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Table 2: Pro-agility and sub-test descriptive statistics. Note:
significance difference between session p<0.05, : Significant
differences between phases in session 3 p<0.001. Al: Significantly
different to Acceleration 1, RI1: Significantly different to
Reacceleration 1, A2: Significantly different to Acceleration 2, AR2:
Significantly different to Reacceleration 2, C1: Significantly different
to COD1, C2: Significantly different to COD2, M 501: Significantly
different to Moderate Intensity 501, M 105: Significantly different to
Moderate Intensity 105, H 501: Significantly different to High
Intensity 501, H 105: Significantly different to High Intensity 105,
S505: Significantly different to Stationary 505, F 505: Significantly
different to Flying 505.

Discussion

In the assessment of COD tests, determining COD performance
from absolute performance time is a unique challenge, where

independent qualities (i.e.,Acceleration and Deceleration, Re-
acceleration and COD) are components contributing to the
performance assessed [10]. Of interest to the authors was whether an
advanced diagnostic protocol could be utilized to assess performance
for distinctive phases of the pro-agility shuttle. In doing so, two true
acceleration measures, two reacceleration measures, two COD phases
and six additional assessments were identified as sub-tests that could
provide informative data, in addition to total time measure for the pro-
agility shuttle. Prior to any utilization of the sub-tests in the field, it
was crucial to determine the reliability of the different phases. The
main findings of this study were: 1.Acceleration phase performance
measures of Reacceleration 1, Acceleration 2, and Reacceleration 2,
HI501, HI105 and total time variables were reliable across all testing
sessions; 2. All phases and sub-tests measured met the acceptable
thresholds for reliability between sessions 2-3; and 3. There appeared
to be a learning effect between sessions 1-2. Given these results, the
application of an advanced diagnostic protocol to assess different
phases and sub-tests within the pro-agility shuttle may be of utility to
strength and conditioning coaches.

Previous research [14] has suggested reliability of phase’s within
the pro-agility may be improved with the addition of timing lights
placed at equal distances between the COD and start/finish lines.
Evidence of our findings confirms this in finding all pro-agility phases
to be reliable. Each phase and sub-test measures different qualities
within the pro-agility shuttle. Measures of Acceleration 1 and
Acceleration 2 are not influenced by deceleration or a COD, due to the
nature of phases initiating from either a stationary or flying start.
Although similar in that Acceleration 1 and Acceleration 2 are
measures of accelerative ability, the force-velocity requirements differ
between initial 0-5 m and flying acceleration i.e., 5-10 m [41,42]. The
reliability of the acceleration phases of the pro-agility shuttle in this
study closely align with previous findings that 5 m (ICC=0.65-0.87
and CV < 3.3%) [43,44] and 10 m (ICC=0.85-0.62 and CV < 2.6%)
[45] sprints times are reliable performance metrics in athletes.
However, in comparison Forster, et al. [14] found measures of
acceleration to be “moderate” (ICC=0.51-0.71) when timing lights are
placed at 1 m from COD.

Subjects in this study were found to be significantly faster in
Acceleration 2 than in Acceleration 1 (0.43 £ 0.02 and 0.70 £ 0.01, p <
0.00, respectively). The difference in performance may be explained
by the flying start enabling higher movement velocities to be reached
in Acceleration 2, than from initiation of movement from a stationary
position, as measured in Acceleration 1. Additionally, variability in
mean change and relative consistency (ICC) scores in Acceleration 2
(-0.38%, ICC=0.97) were observed to be marginally higher compared
to Acceleration 1 (0.24%, ICC=0.98). These findings are in line with
previous literature, that higher movement velocity associated with the
flying start may attribute to the increased variability, reducing the
reliability of the measurement [24,46,47]. Therefore, the difference in
times between Acceleration 1 and Acceleration 2 indicate assessment
of musculotendinous capabilities at different velocities and can be
used to determine linear accelerative capabilities [7,48-50].

After making a directional change, athletes must reaccelerate.
Reacceleration 1 and Reacceleration 2 were deemed to reliably
measure low and high load initial reaccelerate ability, respective of
COD entrance velocity. Once more, there were no significant
differences (p=0.66) in performance between the low and high load
reaccelerate session 3 conditions. It appears the reacceleration phases
are similarly reliable (CVs=0.95-1.00%; ICCs=0.99), regardless of
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entry distance prior to COD. In contrast, Forster, et al. [14] found
measures of reacceleration to be wunreliable (CV=11.5-16.3;
ICC=-0.15-0.48) with timing gates placed at 1 m from COD.
Furthermore, reacceleration ability was found to be as reliable as
acceleration from stationary and flying starts, though significantly
(p<0.001) faster than Acceleration 1 and slower than Acceleration 2.
Research has shown reacceleration to differ from “pure” acceleration,
in that elastic energy, stored during deceleration, increases force
output during the propulsive phase [51,53], therefore improving post-
COD reaccelerate ability [20]. Therefore, given the differences in
times between acceleration phases and reacceleration phases, yet
similar reliabilities, strength and conditioning coaches can confidently
distinguish between different forms of acceleration ability in their
athletes.

It should be noted that, similar to the acceleration performance
measures, both low and high velocity COD measures were found to
have excellent levels of absolute and relative consistency between
session 2-3 (CV<2.03, ICC>0.96). Interestingly, there was no
significant difference between mean performance times of COD1 and
COD2 in session 3 (1.44 + 0.12 and 1.45 + 0.12, p=0.18, respectively).
These findings were unexpected, as the higher entry velocity into
COD2 would be thought to increase movement variability, due to
higher braking force and eccentric strength requirements to decelerate
and maintain optimal body positioning during the turn [17,19,20] (as
identified above). Though COD1 and COD?2 resulted in similar time
and reliability, it is unknown whether there were differences between
the acceleration and deceleration components within these phases. For
example, since Acceleration 2 was faster than Acceleration 1, it is
possible that there were higher entry velocities and slower exit
velocities in COD2 than CODI1. However, continuous timing
technology such as radar or laser is needed to explore this posit.

Finally, all sub-tests were established as reliable measures of the
different performance components comprising the pro-agility shuttle
(Table 1). Modifying the pro-agility enabled the measurement of both
stationary and flying 5-0-5 performance, which was found to be
similarly reliable to previous research into the stationary start
(ICC=0.97) [24] and flying start 5-0-5 tests (ICC=0.88 and 0.95;
CV=2.40%) [8,24]. MI501 and HI501, and stationary 5-0-5 and flying
5-0-5 are highly reliable measures, however, the completion times in
session 3 should be noted. That is, sub-test performance with moderate
intensity eccentric loading capabilities (MI501 and stationary 5-0-5)
exhibited longer times (0.25-0.27 s, p<0.001) to complete than the
higher intensity sub-tests (HIS01 and flying 5-0-5), due to the faster
entry velocities in the latter tests [24]. The differences in these sub-test
measures are primarily explained by whether the subject is moving or
stationary when they enter the testing phase (i.e., Acceleration 1 and
Acceleration 2, respectively). The addition of sub-test measures
provides a means for practitioners to assess a multitude of athletic
fitness qualities using a single test.

Practical applications

The advanced analysis using multiple timing lights can be used to
consistently  differentiate  between phases of acceleration,
reacceleration, and COD performance, and sub-tests within the pro-
agility shuttle. Based on the findings of this research, we recommend
that two familiarization sessions be conducted to mitigate any learning
effects and allow for reliable performance measurement. The ability to
distinguish between the speed components of the pro-agility and
utilizing the established sub-tests have the potential to provide novel

information relating to the different athletic capabilities of
performance within the pro-agility shuttle. However, this contention
needs to be investigated and a correlational analysis is needed to
determine how much shared variance there is between the new
measures and thereafter refine the testing battery to provide high level
diagnostic information to guide better programming.

Conclusion

To the researchers’ knowledge, this study is the first to empirically
test whether an advanced diagnostic protocol could be used to reliably
distinguish between different sub-tests within the pro-agility shuttle.
However, coaches and practitioners should be aware of several
limitations of the current study: 1. Timing lights were set at 0.75 m in
this study, in practice we suggest adjusting timing light height to be
appropriate relative to the population being assessed, as for those who
exhibit a very low COD position a timing light height of 0.75 m may
not be appropriate, 2. Subjects only turned on their preferred leg,
therefore it is unknown whether there are differences between the
phases, sub-tests, or reliability measures between the legs, and 3.
Using a timing light set-up at 2.28 m either side of the COD lines was
unable to completely isolate deceleration and immediate
reacceleration. Therefore, to further the diagnostic capabilities of the
pro-agility shuttle, it would be recommended that future researchers
compare performance between the preferred and non-preferred leg and
investigate the use of alternative technologies which use constant
timing, such as laser or radar technology to include velocity profiling
to detect changes in velocity over the different phases of the pro-
agility (i.e., Acceleration, Reacceleration, and COD). While the
subject sample for reliability in this study was small (n=10), Buchheit
et al. asseverate that in finding good reliability, an expansion in sample
size may not affect the results. Finally, we suggest that two
familiarization sessions are required prior to performance testing, to
ensure consistent and accurate data is captured.
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