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ABSTRACT

Reactive agility is an important component in many team sports, with human stimulus considered more realistic
for performance assessment than video- or light-based stimulus testing. This study aimed to evaluate the reliability of
a newly adopted netball specific Life-Size Reactive Agility Test (LSRAT), and to determine the correlation between
action accuracy and total time. Twenty young female netball players, mean age = 15.1 £ 1.7 years, completed two test
conditions using a live tester with netball-specific movements: (a) the tester acted as an opponent by delivering an
offensive stimulus for the subject to react to; and (b) the tester acted as a teammate by delivering a ball pass as a stim-
ulus to which the subject had to react by receiving the pass. Results showed very high reliability for total time in both
test conditions, with Pearson’s correlation coefficient (Pearson’s ») values of 0.90-0.94, and intraclass correlation
coefficient (ICC) values 0f 0.91-0.93. However, action accuracy for both subjects and testers yielded moderate to low
Pearson’s » and ICC values across both test conditions. The usefulness of the test in detecting moderate performance
changes was evaluated as ‘good’ for the total time in both test conditions. In contrast, subject action accuracy was
rated from ‘good’ to ‘marginal’, while tester action accuracy was rated as ‘marginal’ in both test conditions. In con-
clusion, the LSRAT is a reliable tool for measuring reactive agility in netball players while action accuracy measures
may require further refinement for optimal utility in coaching and research.
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1. INTRODUCTION

etball is primarily played on indoor courts including anticipation and decision-making, are

with seven players in each team, and

each player performs at a certain position
(Sweeting et al., 2017). Matches are usually played
for 60 minutes, and divided into four 15-minute
quarters, with each position restricted to specific
court areas (World Netball, n.d.). According to
Brooks et al. (2020), netball players must perform
high-intensity multidirectional efforts such as
changes of direction, running, and jumping within a
restricted court area. Furthermore, these movements,
which require perceptual-cognitive abilities,

typically not pre-planned but rather performed in
response to a stimulus (Paul et al., 2016).
Netball-specific stimuli may include net-
ball-specific actions like jumping, ball passing, and
dodging, as well as physical movements like body
swerves performed by both teammates and oppo-
nents. Pre-planned changes of direction are consid-
ered closed skills, which can be characterised by a
change in the direction of movement that is already
known in advance, and players do not need to react
to any specific stimulus. Contrastively, open skills
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require players to change direction in response to
a stimulus by integrating cognitive components
such as observation and decision-making (Gabbett
& Benton, 2009; Peri¢ et al., 2021; Zeljko et al.,
2020). This type of skill has recently been termed
reactive agility, which is defined as the capacity to
read the game and to quickly initiate an adequate
motor response (Altmann et al., 2020). Further-
more, it is regarded as a necessary factor to succeed
in team sports such as netball (Paul et al., 2016).

On the other hand, in an actual game situation,
an opponent’s movement initiates the vast majority
of footwork patterns that players perform, especially
when playing a defensive role. It is therefore main-
tained that, in order to properly assess a player’s re-
active agility, tests need to include a visual-percep-
tual component to accurately capture this reactive
aspect of performance. The use of life-size stimuli
(human stimuli) in combination with sport specific
response patterns in a Y-shaped design has become
a popular methodology over the past ten years to
increase environment’s validity in reactive agility
testing in team sports like soccer (Chaalali et al.,
2016; Trajkovi¢ et al., 2020; Trecroci et al., 2016,
2018), basketball (Scanlan et al., 2014, 2015), and
rugby (Meir et al., 2014). In these Y-shaped tests,
athletes are required to perform change of direction
at a 45° angle in reaction to the tester’s movement.

The results of the tests show high validity and
reliability, with several investigations of the pa-
rameters such as the total time to complete the test,
response time, and the decision-making time rep-
resenting perceptual—cognitive components as well
as the movement time representing physical abil-
ity (Scanlan et al., 2014; Young & Willey, 2010).
Therefore, these parameters focus on the impor-
tance of both the physical factors and the percep-
tual-cognitive components in relation to reactive
agility performance (Paul et al., 2016).

However, according to Paul et al. (2016), no
reactive agility test to date has used netball-specific
stimuli, which limits the test’s ecological validity in
netball contexts. As a result, this study developed
a test specifically designed for netball necessities.
Trecroci et al. (2016, 2018) adopted this test as
their reactive agility test. However, netball-specific
movements and ball passing take the place of the
assistant tester’s generic movement patterns. The
primary purpose of this study was to examine the
reliability of the Life-Size Reactive Agility Test
(LSRAT) for netball players. The secondary aim
was to determine the correlation between action ac-
curacy and total time. The LSRAT is hypothesised
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to demonstrate high reliability based on the results
from related studies in other team sports described
above.

2. MATERIALS AND METHODS

All participants attended a briefing session
where they received a clear explanation of the study,
observed test performances, and completed two tri-
als under each of the two test conditions, with four
protocols per test condition. During the session,
participants were also informed about the potential
risks and benefits of their participation in the study.
Upon agreeing to participate, each participant was
given an assent form and asked to complete and
sign the form. For guardian consent, an informed
consent form was given to the parent or guardian
of the participant who were asked to complete and
sign the form. The researcher obtained data on par-
ticipants’ age, height, body weight, years of netball
experience, and the highest level of competition
they had participated in.

Additionally, participants completed a health
screening questionnaire which asked a range of
questions related to their personal health, wellbeing,
exercise habits, and history of past injuries. All tests
were performed in the evening on indoor netball
hard courts. Participants wore appropriate netball
attire and shoes. The research methodology was ap-
proved (approval number UTMREC-2024-88) by
the University of Technology Malaysia Research
Ethics Committee (UTM REC).

Twenty young female netball players from a sports
school in Kuala Lumpur, Malaysia, participated in this
study. All participants had at least three years of experi-
ence competing at the state level netball competition at
the time of testing. As a result, they were familiar with
fundamental netball skills such as ball passing (shoul-
der pass) and one-on-one offensive and defensive as-
pects of play that are common in netball. The physi-
cal characteristics of the participants who completed
all tests were as follows (mean + standard deviation
(SD)): age=15.1 £ 1.7 years; height =172.4 + 3.7 cm;
body mass = 64.4 £+ 9.6 kg; body mass index =21.6 +
2.7; netball experience = 5.5 + 2.0 years.

2.1. PROCEDURES

All participants performed a standardised
15-minute warm-up, including jogging, short accel-
erations, and a one-on-one ball passing drill. After
the warm-up activity was completed, participants
were divided into two groups equally, namely the
tester group and the subject group. In each of the
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testing sessions across both testing conditions, the
tester group provided stimuli to the subject group to
react to. After completion, the tester group switched
roles to become the subject group and the subject
group to become the tester group. Each tester com-
pleted all possible protocols twice in a balanced
randomised order, resulting in eight trials (four tri-
als per session), with a passive rest of three minutes
between the trials of each test, while a 10-minute
passive rest was provided between the sessions to
ensure full recovery (Altmann et al., 2019). For
all tests, a wireless single-beam timing gate sys-
tem (Brower TCi-System) was used. The ‘start’ and
‘stop’ commands were triggered when a foot or
a hand was detected by the photogate and a beep
sound was heard. Timing gates were positioned
from the starting line to the finish line at a height
of 1.00 m, approximately at hip level. The starting
distance from the initial timing gate was set at 0.30
m (Altmann et al., 2017).

2.1.1. LIFE-SIZE REACTIVE AGILITY
TEST (LSRAT)

The LSRAT used in this study was based on
the Y-shaped agility test previously adopted from
Trecroci et al. (2016), with two modifications in or-
der to increase ecological validity. First, the generic
movement patterns of the tester were substituted
with netball-specific movements, as recommended
in a recent review by Paul et al. (2016). Second,
based on the mean height of the participants in this
study (both subject and tester), additional direction-
al changes were added, thereby increasing the total
distance. In short, the subjects stood at the starting
line, facing the live tester at a distance of approx-
imately 11 m. The tester was introduced as either
a teammate or opponent in a standardised briefing
prior to the test condition. Timing began when the
subject initiated a sprint from point ‘A’. When the
subject reached point ‘B’, the tester displayed one
of four possible protocols based on the test condi-
tions described below:

a. Test Condition 1

opponent
i.  Step forwards with right foot, change
direction to the left, and sprint at 45°

— Tester acts as an
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ii. Step forwards with left foot, change
direction to the right, and sprint at 45°
Jump forwards and land with right
foot, change direction to the left, and
sprint at 45°

Jump forwards and land with the left
foot, change direction to the right, and
sprint at 45°

Test Condition 2 — Tester acts as a teammate
i.  Step forwards with right foot, change
direction to the left, make a left-hand
ball pass, and receive the return pass
from the subject

Step forwards with left foot, change
direction to the right, make a right-
hand ball pass, and receive the return
pass from the subject

Jump forwards and land with right
foot, change direction to the right,
make a right-hand ball pass, and re-
ceive the return pass from the subject
Jump forwards and land with left foot,
change direction to the left, make a
left-hand ball pass, and receive the re-
turn pass from the subject

The subjects responded to the tester’s move-
ment or ball pass by changing direction either to the
left or the right, attempting to fulfil the instruction
to recognise and anticipate the movement or ball
passing as swiftly as possible, while emphasising
both action accuracy and movement speed. After
changing direction in response to the tester’s move-
ment or ball passing at a 45° angle, which is approx-
imately 5 m from the start line, the subjects sprinted
through the finishing timing gates (Figure 1).

Each of the four movements and ball passing
placed unique physical and cognitive demands on
the subject and were repeated once per participant
in a separate testing session. Therefore, the mean
score from all four trials per testing session was re-
corded for analysis. To ensure consistent test con-
ditions, both subjects and testers were not allowed
to discuss possible scenarios or running strategies
during the testing sessions.

iii.

1v.

ii.

iii.

1v.
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Figure 1. Schematic
illustration of the Life-

Size Reactive Agility Finish Left, ‘D2
Test (LSRAT) for netball 0 «m
players

ﬁ Timing gate system
A Cone
T Running direction
A ;
| Tester’s movement

l Video camera

2.1.2. ACTION CHECKLIST

The action checklist for the LSRAT was used
to measure the correctness of the tester’s ability to
conduct the tasks required by the testing protocols
for both test conditions and the subject’s ability to
respond appropriately to the stimulus given by the
tester. In Test Condition 1, which focused on ba-
sic movement skills, the checklist included actions
to be performed by the tester and the subject, such
as stepping forwards, changing body position, and
sprinting at a 45° angle. In Test Condition 2, which
incorporated ball-passing tasks, the checklist in-
cluded skills such as shoulder passing, receiving
the ball while running, and maintaining proper
footwork. Each protocol listed specific actions with
checkboxes to indicate “Yes’ or ‘No’ for completion.

Scoring was determined using separate rubrics
for each test condition and the rubrics were validat-
ed by three experts, a national netball coach, a sport
scientist, and a former national netball player. The
tester in Test Conditions 1 and 2, and the subject in
Test Condition 2 earned up to a maximum of three
marks per protocol, each of which had three criteria.
The total scores were categorised as ‘Complete’ (9—
12), ‘Needs Improvement’ (5-8), or ‘Incomplete’
(0-4). Meanwhile, the subject in Test Condition 1
earned up to a maximum of two marks per protocol,
each of which had two criteria only, and the total
score was categorised as ‘Complete’ (7-8), ‘Needs
Improvement’ (4-6), or ‘Incomplete’ (0-3). These
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scores were given by the researcher during the test-
ing and collected from the checklist, and later used
to validate the integrity of the testing protocols and
to confirm the accuracy of the alignment between
the tester’s stimulus and the subject’s response.
Furthermore, to ensure that each score is given cor-
rectly, the researcher conducted a cross-check with
video recording after the testing was completed.

For a testing procedure to be considered valid,
both the tester and the subject needed to achieve a
‘Complete’ rating for the respective test condition.
This ensured that the participants demonstrated
sufficient proficiency in movement accuracy (Test
Condition 1) and ball-handling coordination (Test
Condition 2). The structured checklist and scoring
system provided a clear, standardised method for
assessing performance accuracy and determining
correct execution of the testing protocols.

2.2. DATA SCREENING AND ANALYSIS
PARAMETERS

The time required to complete LSRAT was au-
tomatically determined using the timing gate sys-
tem and verified through video camera recording.
The following parameters were recorded:

i.  Total time — Duration from the moment
the subject started sprinting and trigger-
ing the first timing gate to the moment
the subject passed the finishing timing
gate (measured in milliseconds).
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ii.  Subject action accuracy — Total action
checklist score for the subject based
on the accuracy of the movements or
passes performed.

Tester action accuracy — Total action
checklist score for the tester based on
the accuracy of the stimuli performed.

iii.

2.3. STATISTICAL ANALYSIS

All test results were analysed using IBM SPSS
Statistics software version 29.0 (SPSS Inc., Chica-
go, IL). For each subject, the mean of eight trials of
each test condition was included in the analysis to
increase consistency of all trials and represent reac-
tive agility performance. The data are presented as
mean values, SD, and 95% confidence interval (CI)
for the whole sample. Finally, in order to determine
relationships between action accuracy for the sub-
ject and the tester with the total time, Pearson’s cor-
relation coefficient (Pearson’s r) values were cal-
culated. For the applied statistical procedures, the
Shapiro—Wilk test was conducted and supported the
use of parametric analyses. The significance level
for all statistical tests was set at a = 0.05.

2.4. RELIABILITY ANALYSIS

The test-retest reliability of the LSRAT was
examined using intraclass correlation coefficient
(ICC), Pearson’s r, and coefficient of variation (CV)
(Atkinson & Nevill, 1998). According to Hopkins
(2002), the magnitude of » was interpreted as fol-
lows: small (0.1 <7 <0.3), moderate (0.3 <r<0.5),
large (0.5 <r<0.7), very large (0.7 <r<0.9), and

nearly perfect (» > 0.9). All statistical analyses were
conducted with a significance level a = 0.05. ICC
values were interpreted using the same scale. CV
values below 10% were considered acceptable (At-
kinson & Nevill, 1998).

Hopkins’s (2004) guidelines were followed in
calculating the action correctness and the usefulness
of the total time as an additional measure of reliabil-
ity. The measurement system, which is based on the
ratio of the CV (reported in seconds) to the smallest
worthwhile change (SWC), shows how sensitive a
test is to detect significant changes in performance.
In this context, the SWC was determined by multi-
plying the pooled between-subject SD of the mean
over the eight trials from both test conditions by 0.2
(SWC,, = small effect) and 0.5 (SWC_ ;= moder-
ate effect), based on Cohen’s effect size principle.
Consequently, usefulness ratings were established
by comparing the CV with the respective SWC:
good (CV <SWC), OK (CV = SWC), and marginal
(CV > SWC) (Hopkins, 2004).

Finally, in order to determine correlation per-
formance between action accuracy for subject and
tester with the total time, Pearson’s » was used, with
interpretations consistent with the magnitudes of
the correlation coefficients described above.

3. RESULTS

Descriptive statistics (mean = SD) for all pa-
rameters under both test conditions are presented in
Table 1.

Table 1. Descripti
rssuis forets(::;i)tli‘l;fe and Test Condition 1 Test Condition 2
action acc‘:r ch- Res“"i Session 1 Session 2 Session 1 Session 2
are presented as mean
SD of eight trials in Test Total time (s) 1.91+£0.47 1.91 £0.47 2.52+0.53 2.44 +£0.57
Condition 1 and Test Subjec t action
Condition 2 7.25 +0.44 7.25+0.44 10.20 + 1.01 10.65 + 0.93
accuracy (score)
Tester action
9.95+1.00 10.30+0.73 9.80 +0.83 9.95+0.94
accuracy (score)

The results indicated key differences between
the two test conditions across both sessions. In Test
Condition 1, the total time remained consistent at
1.91 £+ 0.47 seconds in both sessions, whereas Test
Condition 2 showed a slight decrease in total time,
from 2.52 +0.53 seconds in Session 1 t02.44 +0.57
seconds in Session 2, although this condition con-
sistently took longer than Test Condition 1. Subject
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action accuracy in Test Condition 1 maintained a
stable score of 7.25 + 0.44 across both sessions.
In contrast, Test Condition 2 demonstrated an im-
provement in subject action accuracy from 10.20 £
1.01 score in Session 1 to 10.65 + 0.93 score in
Session 2, indicating higher accuracy and enhanced
performance. The tester action accuracy improved
in both conditions. However, the improvement in
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scores was more noticeable in Test Condition 1
(9.95 £1.00 in Session 1 to 10.30 £ 0.73 in Session
2), whereas Test Condition 2 showed a marginal
increase from 9.80 + 0.83 to 9.95 + 0.94. Overall,
these results suggest that while Test Condition 2
was more time-consuming, it resulted in better sub-
ject performance over time, which is possibly due
to the increased task complexity.

RELIABILITY OF LIFE-SIZE REAC-
TIVE AGILITY TEST (LSRAT)

The test—retest reliability statistics for all mea-
sured parameters, namely intraclass correlation
coefficient (ICC), Pearson’s correlation coefficient
(), coefficient of variation (CV), smallest worth-
while change (SWC), and usefulness rating across

each test condition are shown in Tables 2 and 3, re-
spectively. The total time showed consistently high
reliability in both test conditions, with strong intra-
class correlation coefficient (ICC = 0.91 and 0.93)
and Pearson’s » values (0.90 and 0.94), along with
relatively low yet within the acceptable range CVs
(CV =0.12s and 0.10s). Therefore, the total time re-
sults for both test conditions showed ‘almost perfect’
rating as the ideal reliability level, which is more
than 0.85 as suggested by Landis and Koch (1977).
This indicates that the total time is a highly consis-
tent measure across both sessions in both conditions.
The usefulness of total time was rated ‘marginal’ to
‘good’ in the Test Condition 1 and ‘OK’ to ‘good’ in
Test Condition 2, indicating that the total time is a
stable and practically valuable measure.

Table 2. ICC (95% CI),

Pearson’s r (95% CI), CV, IcC oo CV | CV | SWCO0.2 | Useful- | SWCO0.5 | Useful-
SWC, and usefulness for (%) | () (s) ness (s) ness
total time, subject acthI.l Total =091 r=0.90
accuracy, and tester action .
accuracy between Session time (0.78*0.96) (0.6971 . 12) 6.32 | 0.12 0.09 marginal 0.23 gOOd
1 and Session 2 for Test p<0.001 p<0.001
Condition 1 -
Subject r=0.21 r=0.20
action (-0.27-0.60) | (-0.29-0.69) | 2.83 | 0.21 0.09 marginal 0.22 good
accuracy p=0.19 p=0.40
Tester r=0.48 r=0.53
action (0.08-0.75) | (0.10-0.95) | 5.32 | 0.53 0.18 marginal 0.44 marginal
accuracy p=0.01 p=0.02

Table 3. ICC (95% CI), CV | CV | SWCO0.2 | Useful- | SWCO0.5 | Useful-
Pearson’s r (95% CI), CV, ICC Pearson’s r
SWC, and usefulness for (%) | ) () LESS ) s
total time, subject action Total r=0.93 r=0.94
accuracy, and tester action .
accuracy between Session time (0.83-0.97) | (0.77-1.11) | 4.54 | 0.10 0.11 OK 0.27 good
1 and Session 2 for Test p <0.001 p <0.001
Condition 2 -
Subject r=0.13 r=0.14 .
) . margin-
action (-0.28-0.52) | (-0.36-0.63) | 8.52 | 0.88 0.20 marginal 0.49 |
a
accuracy p=0.28 p=0.57
Tester r=0.33 r=0.32 .
) . margin-
action (-0.13-0.67) | (-0.15-0.79) | 6.01 | 0.60 0.18 marginal 0.44 |
a
accuracy p=0.08 p=0.17

Note: CI = confidence interval; ICC = intraclass correlation coefficient; CV = coefficient of variation, SWC =
smallest worthwhile change.

Note: CI = confidence interval; ICC = intraclass correlation coefficient; CV = coefficient of variation; SWC =

smallest worthwhile change.

Conversely, action accuracy for the subject
demonstrated low reliability across both conditions,
with very low ICC values (0.21 and 0.13) and weak
correlations, suggesting substantial measurement
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error and inconsistency. Although the CV was low
in Test Condition 1 (0.21s), it increased markedly
to 0.88s in Test Condition 2, further reducing its
usefulness. However, the tester’s action accuracy
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showed moderate reliability in Test Condition 1
(ICC = 0.48) but dropped to low reliability in Test
Condition 2 (ICC = 0.33), with CV values around
5—6%, and usefulness was rated as ‘marginal’ across
both test conditions. These results suggest that action
accuracy measures, particularly for subjects, are not
consistently reliable due to several possible factors
which are age differences, differences in playing ex-
perience, or the complexity of the testing protocol.

The results presented in Tables 4 and 5 show the
relationships between total time and action accura-
cy for both the subject and the tester across different
sessions and test conditions. Under Test Condition
1, no significant correlations were found between
the total time and either form of action accuracy in
Session 1, Session 2, or in the mean of both sessions.
Pearson’s r values ranged from —0.05 to —0.24, with
all p-values well above 0.05, indicating low and sta-
tistically non-significant relationships.

In contrast, several significant negative correla-
tions were found under Test Condition 2. Specifi-
cally, the action accuracy for subject showed ques-
tionable to acceptable negative correlations with
total time in Session 1 (» =—0.68, p <0.01) and in
the mean of Sessions 1 and 2 (» =-0.75, p < 0.01),
suggesting that greater action accuracy was asso-
ciated with faster performance. Although the cor-
relation in Session 2 was poor (» = —0.43) and not

statistically significant (p = 0.06), it followed the
same trend. Similarly, the tester’s action accuracy
was negatively correlated with the total time in Ses-
sion 1 (r =-0.62, p <0.01) and poor in the session
mean (r = —0.51, p = 0.02), indicating that quick-
er performance was linked with higher-rated tester
action accuracy. No significant correlation was ob-
served in Session 2 for tester’s action accuracy.

In summary, the negative ICC values and wide
confidence intervals for an ICC estimate for both
test conditions is due to a small sample size. With
few participants, the estimates between participants
become imprecise. Other than that, the differences
between conditions suggest that the nature of the
task or experimental setup in Test Condition 2 may
have promoted a performance trade-off between
action accuracy and speed, likely due to greater
complexity and demands of netball-specific ac-
tions that needed to be fulfilled by the participants
in Test Condition 2 whereas Test Condition 1 did
not exhibit such an effect. In addition, although Test
Condition 1 was more defensive and Test Condi-
tion 2 emphasised more offensive actions, it did not
affect the action accuracy for either the subject or
the tester. This reflects real-game dynamics in net-
ball when one team is in a position to attack and the
opposing attacker must also react as a defender to
prevent the opponent from attacking.

Table 4. Pearson’s r (95% q
CI) and p-values for Total time
correlations between total Mean of Session 1
time and subject/tester ac- Session 1 Session 2
tion accuracy for Session and 2
1, Session 2, and mean of r=-0.16 r=-0.05 r=-0.13
Sessions 1 and 2 for Test Subject action
Condition 1 (-0.16-0.09) (-0.13-0.11) (-0.12-0.07)
accuracy
p=0.49 p=0.85 p=0.57
_ r=-0.12 r=-0.24 r=-0.19
Tester action
(-0.33-0.20) (-0.29-0.10) (-0.28-0.12)
accuracy
p=0.61 p=0.3l1 p=0.41
Note: CI = confidence interval.
Table 5. Pearson’s r (95% .
CI) and p-values for Total time
correlations between total . X Mean of Session 1
time and subject/tester ac- Session 1 Session 2
tion accuracy for Session and 2
1, Session 2, and mean of r=-0.68 r=-0.44 r=-0.75
Sessions 1 and 2 for Test Subject action ac-
Condition 2 (-0.49-0.15) (-0.38-0.00) (-0.36-0.14)
curacy
p <0.01 p=0.06 p<0.01
. r=-0.62 r=-0.23 r=-0.51
Tester action ac-
(-0.39-0.09) (-0.31-0.11) (-0.31-0.02)
curacy
p <0.01 p=0.33 p=0.02

Note: CI = confidence interval.
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4. DISCUSSION

4.1. MAJOR FINDING

The purpose of this study was to evaluate the
reliability of the Life-Size Reactive Agility Test
(LSRAT) in netball and to determine the correlation
between action accuracy and the overall agility per-
formance by both subject and tester, as measured
by total time. The main findings of this study re-
vealed that the LSRAT demonstrated a high level of
practically absolute and relative reliability for total
time across both test conditions to different extents
depending on the specific parameter in question.
Moreover, with regard to the correlation between
the total time and the subject action accuracy, very
large relationships were found in Test Condition 1.
While in Test Condition 2, it was the total time and
the tester action accuracy. Conversely, only small
to moderate correlations were observed for tester
action accuracy in Test Condition 1, and subject ac-
tion accuracy in Test Condition 2.

Therefore, the first hypothesis, proposing that
the LSRAT would exhibit high reliability, was con-
firmed for total time. However, the second hypoth-
esis, proposing strong correlations between overall
agility performance and action accuracy, could not
be confirmed without restrictions due to only small
to moderate relationships to the total time for the sub-
ject action accuracy and the tester action accuracy.

4.2. RELIABILITY OF LIFE-SIZE REAC-
TIVE AGILITY TEST (LSRAT)

Reliability findings for the total time align with
previous studies on classic reactive agility tests using
live testers (Sheppard et al., 2006). In the respective
studies, high reliability for total time with very large
to nearly perfect Pearson’s r and ICC values (0.87—
0.99) were reported (Chaalali et al., 2016; Gabbett
et al., 2008, 2011; Scanlan et al., 2014; Sheppard et
al., 2006; Veale et al., 2010). The high reliability re-
sults are influenced by several factors across team
sports. Firstly, the athlete characteristics, including
age differences (Dugdale et al., 2020; Hoffman,
2020; Veale et al., 2010), gender (Popowczak et al.,
2020; Zwierko et al., 2022), and experience (Shep-
pard et al., 2006; Trajkovic¢ et al., 2020; Young et al.,
2011). Secondly, the athlete physical attributes such
as balance, strength, flexibility, and speed (Mulyadi
et al., 2024; Paprancova et al., 2024; Sattler et al.,
2015; Zwierko et al., 2022). Thirdly, the strongest
predictors of total time were decision-making and
reaction time, especially in tests with high perceptu-
al demands (Young & Willey, 2010; Scanlan et al.,
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2014). Lastly, as stated by Paprancova et al. (2024)
and Sattler et al. (2015), different sports will empha-
sise different cognitive and physical components
which may affect the test reliability.

Moreover, no known studies have applied a live
tester (human stimuli) with netball-specific stimuli or
examined the reliability of action accuracy for both
subject and tester, making comparisons with the lit-
erature impossible. However, effective performance
requires high action accuracy because poor choices
result in tactical errors and decreased effectiveness
during real game situations. However, several possi-
ble factors may result in unreliable action accuracy,
for example an athletes’ age and playing experience.
Reliability improves with older athletes that have
more playing experience. Thus, high-skill athletes
exhibit more consistent action accuracy compared
to low-skill or amateur athletes. Apart from that, the
complexity of the testing protocol can reduce reli-
ability unless athletes are well familiarised.

Other than that, the influence of the tester plays
a crucial role in the reliability and validity of the re-
active agility test result. According to Altmann et al.
(2020) and Young & Willey (2010), the consistency
of the tester during stimuli presentation is essen-
tial, particularly in live stimulus protocols because
variability in tester timing will lead to measurement
error. The use of experienced testers results in high
test—retest reliability with ICC values (0.87-0.91)
(Altmann et al., 2020; Sheppard et al., 2006; Veale
et al., 2010; Young & Willey, 2010).

Besides ICC and CV, the usefulness of the total
time and action accuracy for the subject as well as the
action accuracy for the tester were also determined,
using the smallest worthwhile change (SWC). When
detecting a small effect (SWC,), such changes
might only be detected with regard to the total time,
as the usefulness that was rated as ‘marginal’ in Test
Condition 1 means higher CV values compared to
the SWC,,, and ‘OK’ in Test Condition 2 means
lower CV values compared to the SWC,. Mean-
while, action accuracy usefulness measures for Test
Conditions 1 and 2 relating to the SWC , were rated
‘marginal’ for both subjects and testers. This indi-
cates that small effects may be masked by higher CV
values compared to the SWC, ..

Conversely, moderate changes in performance
(SWC, ) could be detected for all parameters, as the
CV values were smaller than the SWC ; for the total
time in both test conditions, leading a ‘good’ rating.
The CV values for subject action accuracy in Test
Condition 1 were smaller than the SWC_ ., which
resulted in ‘good’ and ‘marginal’ ratings for Test
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Condition 2, meaning that CV values were higher
compared to the SWC_ . While the CV values were
higher than the SWC | for the tester action accuracy
for Test Condition 1 and Test Condition 2, leading to
‘marginal’ ratings for both conditions. Therefore, the
LSRAT can be considered as useful for assessing net-
ball players’ performance, especially relating to the
detection of moderate performance changes (SWC, ).

4.3. CORRELATES OF AGILITY
PERFORMANCE

The secondary aim of this study was to deter-
mine how total time correlates to action accuracy.
In Test Condition 1, no significant correlations
were found between total time and action accura-
cy for either subject or tester in any session with
all p-values > 0.05. This indicates that speed and
action accuracy do not influence the total time, and
these variables may be unrelated (i.e. independent)
to each other in this test condition. However, in
Test Condition 2, strong negative correlations were
observed between total time and both subject and
tester action accuracy, particularly in Session 1
(r =-0.68 to —0.62, p < 0.01). This indicates that
higher action accuracy is associated with shorter to-
tal time, suggesting a potential relationship between
cognitive performance and physical execution in
this condition.

Moreover, when analysing the mean of both ses-
sions, the correlation between subject action accura-
cy and total time remained significant (r =—-0.75, p <
0.01). Though slightly weaker, tester action accuracy
was also observed (» = —0.51, p = 0.02). This rein-
forces the idea that better action accuracy may lead
to improved performance in terms of the total time.

These results suggest that Test Condition 2 may
better capture meaningful performance differences,
which may involve a speed—accuracy trade-off. Sub-
jects who performed faster also made complete score
on action accuracy, suggesting a clearer task structure
or a better alignment between physical execution and
cognitive strategy demands. In contrast, the lack of
such associations in Test Condition 1 may reflect in-
consistencies or limitations in the test design, which
prevented it from reliably capturing the relationship
between speed and action accuracy ability.

44. LIMITATIONS AND FUTURE
RESEARCH

This study revealed high test-retest reliability
for total time in both test conditions of the LSRAT.
However, lower reliability was evident for action
accuracy measures for both subject and tester in
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both test conditions. To address this, at least one fa-
miliarisation session is recommended before actual
data collection to improve consistency and reduce
variability. Moreover, the single-beam timing gate
system was used due to constraints in obtaining du-
al-beam timing gate system in Malaysia and pur-
chasing this dual-beam timing gate system is very
costly. The single-beam timing gates may be more
prone to error than dual-beam timing gates. Thus,
future studies should consider the use of dual-beam
timing gates to enhance measurement accuracy and
expand testing protocols to include multiple paths
that are randomly triggered when a participant
reaches a particular point in the drill, so that addi-
tional performance variables can be determined.
With regard to the latter, the construct validity
of the LSRAT should also be addressed by future
research by investigating whether the test can dis-
criminate between players of varying performance
levels. Furthermore, further studies can also in-
clude deceptive movements, such as feints, in the
tester’s passing movements to enhance the test’s
ability to reflect perceptual—cognitive demands, as
such movements have been shown to improve dis-
crimination between performance levels compared
to standard passing movements (Paul et al., 2016).
This approach could increase the influence of per-
ceptual—cognitive factors on the total time as well.
However, as tester delivery can potentially affect
the test results (W. B. Young & Willey, 2010), future
procedures should include standardised training for
testers in order to ensure players’ reliable execution
of passing movements, either with or without feints.
Lastly, the limitation of the study is the use of
only adolescent female players. This is due to the
sufficient training period of the adolescent female
players who will be involved in major tournaments
in the future. Therefore, the selection of players from
various age groups should be considered for future
studies which will provide different study results.

4.5. PRACTICAL APPLICATIONS

The Life-Size Reactive Agility Test (LSRAT)
provides a reliable method to assess netball play-
ers’ reactive agility performance in an ecologi-
cally valid sport-specific environment. Therefore,
coaches and researchers can confidently use to-
tal time as an indicator to evaluate performance
changes over time or between test conditions. The
low reliability of action accuracy measures sug-
gests that they may not be suitable for standalone
assessments. However, the significant correlations
in Test Condition 2 highlight that action accuracy
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can influence performance, particularly when cog-
nitive demands are higher. These findings align
with previous literature (Trecroci et al., 2018), em-
phasising the importance of cognitive factors, such
as reactive agility, in distinguishing between elite
and sub-elite players.

The differences between the two test conditions
may also reflect variations in cognitive or physical
demands. For example, Test Condition 2 might in-
volve more complex action tasks, leading to the
observed correlations between action accuracy and
total time. This is consistent with previous findings
by Scanlan et al. (2014), who found that sport-spe-
cific reactive agility tests measure different qualities
compared to generic tests. Therefore, sport-specif-
ic reactive agility test, verified protocols that align
with the athlete’s skill level and training objectives
should be given priority when choosing suitable
tests. Moreover, in the future coaches should cov-
er both the cognitive—perceptual and the physical
aspects of reactive agility in their training plan, and
progress should be tracked and interventions should
be modified on a regular basis (Alim et al., 2023;
Hassan et al., 2022; Mulyadi et al., 2024).

From a practical perspective, the application
of a high-speed camera and dual-beam timing gate
system is recommended to determine other timing
variables such as decision-making time, response
time, and movement time. However, meaningful
results and necessary data on total time can be im-
mediately measured with a single-beam timing sys-
tem. When working with less-skilled or non-ranked
netball players, physical aspects represented by the
movement time should be considered as the prima-
ry contributor to total reactive agility performance.
Therefore, these aspects should be included in net-
ball-specific reactive agility training programmes.

5. CONCLUSIONS

In conclusion, the results demonstrate that the
total time is a reliable and useful performance mea-
sure across both test conditions for reactive agility
in netball, while action accuracy is less appropriate
due to its high variability. Several possible factors
that cause unreliable action accuracy are differenc-
es in playing experience, age of the participants, or
the complexity of the testing protocol. The signifi-
cant correlations observed in Test Condition 2 also
suggest the effectiveness of the test environment in
evaluating combined speed and performance ac-
curacy in action tasks. These findings support the
integration of both cognitive factors and physical
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components in sport performance evaluations.
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