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ABSTRACT

This study quantified and compared the movement characteristics of
elite domestic and international netball match-play, including fifteen
individual players who compete at both levels. Microtechnology data
were collected across 75 matches in a league-wide study from players
(n=113) competing in the Netball Superleague (elite domestic) and
from international players (n=23) in 22 international matches.
Players were categorised according to the seven playing positions.
Accelerometer-derived variables were analysed per whole-match
and per quarter, for both absolute (i.e. volume) and relative to dura-
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tion (i.e. intensity [per minute]) values. The median playing duration
ranged across positions from 23.6 to 42.4 minutes at international
and 31.6 to 48.1 minutes at domestic level. International matches
were greater than elite domestic competition for relative variables
across all positions. Moderate to large effect sizes (1.00-1.50) were
found between playing levels for PlayerLoad™ per minute
(AU-min™"). Significant decreases in both absolute and relative vari-
ables were observed across quarters for both competition levels. The
movement characteristics are position dependent, with greater abso-
lute characteristics at domestic level across whole-match analysis, but
greater relative characteristics at international level. These findings
provide practitioners with information to guide training prescription,
return-to-play protocols, and transitioning athletes between levels of
competition.

1. Introduction

Netball is an intermittent court-based sport in which high-intensity multidirectional move-
ments are performed, interspersed with short periods of lower-intensity activity (Fox et al.,
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2013; Mackay et al., 2023). A netball team consists of seven players, each with an individual
playing position. Each position is restricted to specific court areas resulting in each position
requiring a different combination of physical and technical capabilities (Sweeting et al., 2017).
Quantifying the movement characteristics of matches is common in many team sports and is
required to ensure training prepares players for the demands of the sport (Bourdon et al.,
2017; Theodoropoulos et al., 2020). For players to perform optimally they must be prepared
for the demands of their playing position(s), and their level of competition. Players can also be
involved at different levels of competition (e.g. club and international) or be progressing to
higher levels of competition. Therefore, it is necessary to understand the movement char-
acteristics of the sport at varying levels to support player development and inform training
prescription (Bourdon et al., 2017; Noor et al., 2019).

There is currently no data regarding netball match-play movement characteristics
using microtechnology at the international level. Other sports, such as rugby league
(Whitehead et al., 2019), rugby union (Beard et al., 2019), and soccer (Andersson et al.,
2010; Scott et al., 2020) have identified differences in movement demands between
domestic and international standards. With a practitioner’s aim of optimising athlete
performance to progress to higher standards of competition, or to physically prepare
athletes to transition between different levels of competition, understanding if the match
demands required at each level (for each playing position) differ, and to what extent, can
assist in practice (Whitehead et al., 2019).

Microtechnology units are widely used in research and applied settings to quantify the
movement characteristics of team sports (Cummins et al., 2013). Indoor court-based team
sports can utilise local positioning systems (LPS) and inertial movement units (IMU) that
comprise tri-axial accelerometers, gyroscopes, and magnetometers. Accelerometer-derived
PlayerLoad™ (Catapult Innovations, Melbourne, Australia) is a reliable arbitrary unit
(AU) metric used widely in team sports to establish the total volume of activity completed
(Barrett et al.,, 2014; Nicolella et al., 2018). PlayerLoadTM has been used in netball to
investigate the differences between training and matches at the elite domestic level in
Australia (Brooks et al., 2021; Simpson et al., 2020), between different playing positions
(Graham et al., 2020; van Gogh et al., 2020; Young et al, 2016) and levels (amateur
domestic vs. representative (King et al., 2020); state vs. recreational (Cormack et al., 2014)).

Whilst PlayerLoad™" can be used in a practical setting (e.g. as a monitoring tool to
evaluate the overall demand a player has been exposed to over time), the specific
application of PlayerLoad'™ may be limited due to the various aspects that contribute
to the accumulation of total PlayerLoad™ (e.g. type of movement). The IMU can
however detect and quantify specific movements completed frequently in netball (i.e.
accelerations, decelerations, jumps, and changes of direction [COD]). These metrics can
be used to quantify and understand the specific demands relevant to the multidirectional
movements and repeated efforts performed in netball (Brooks et al., 2020; Fox et al.,
2013; Simpson et al., 2020, 2020). Studies quantifying specific movements of different
playing positions at the elite level identified that Goal Keeper and Goal Shooter perform
the highest number and frequency of jumps, alongside Goal Attack (Brooks et al., 2020;
Simpson et al., 2020). The playing positions with fewer court restrictions (Goal Attack,
Wing Attack, Centre, Wing Defence, Goal Defence) were found to complete a higher
number of lower-intensity movements (i.e. accelerations, decelerations, COD and jumps
between 1.0 and 1.9 m.s™") (Simpson et al., 2020). The differences in jump frequency
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between the defensive Goal Defence and Goal Keeper positions (0.78 vs. 1.03 n-min~")
suggest that playing positions are required to be further investigated individually rather
than as positional groups (e.g. defence, midcourt, shooters) (Simpson et al., 2020).
However, current research is limited to the investigation of one club per study cohort.

Research studies quantifying netball movement characteristics of match-play have
focused on investigating players from one club, limiting the generalisability of the findings
as the movement characteristics may be impacted by a team’s playing style, tactics and/or
individual personnel (Austin & Kelly, 2014; Sweeting et al., 2017). Therefore, more research
involving multiple teams is required for a more heterogenous sample to further understand
the match-play movement characteristics of the sport, positional differences, and the
variability between matches (Whitehead et al.,, 2021). Additionally, research at the elite
level is currently limited to one competition (i.e. Suncorp Super Netball, Australia) with no
current research available in other elite competitions in their present format. Further
research is required to establish the league-wide match-play movement characteristics of
different elite domestic competitions across the world such as the Netball Superleague
(NSL), the highest level in the United Kingdom (UK). This is important to quantify the
movement characteristics of different domestic competitions and compare to international
level competition at an individual player level.

The aim of this study was therefore to quantify and compare the whole-match and
quarter movement characteristics for the team and individual positions in elite domestic
and international level match-play. A secondary aim was to explore the movement
characteristics of players competing in both elite domestic and international netball.
Knowledge of the characteristics for different playing positions, at different playing levels
will provide practitioners with information to assist in training prescription and planning
to physically prepare athletes for competition.

2. Methods
2.1. Experimental design

A prospective observational design was used to quantify the movement characteristics of
elite domestic club and international netball match play. Microtechnology data were
collected from 75 matches across the 2022 domestic NSL season and 22 matches across
two international seasons from 2021 to 2022. Match observations per player were 5.3 +
5.2 (range: 1-21) and 10.5 + 6.0 (range: 2-20) respectively, resulting in 843 player match
observations. Movement characteristics for each playing position were quantified at the
two levels, with differences between, and variability within the levels compared.

2.2. Participants

All eleven elite domestic clubs (n =132 players) competing in the NSL were invited to
participate in the study. One hundred and thirteen female netball players from ten elite
domestic clubs competing in the NSL (mean + SD, age = 25.7 + 4.4 years) and twenty
three international netball players (mean + SD, age = 28.1 + 5.5 years) from one interna-
tional team participated in the study. Fifteen players were in both the elite domestic and
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international groups which was accounted for when analysing data. The study was
approved by Leeds Beckett University ethics committee, and written informed consent
was obtained from all participants.

2.3. Procedures

All players wore a Catapult Vector S7 microtechnology device (Catapult Innovations,
Melbourne, Australia) comprising a 100 Hz tri-axial accelerometer, gyroscope, and
magnetometer. The validity and reliability of Catapult devices for measuring acceler-
ometer-derived PlayerLoadTM, count of inertial movement analysis (IMA) metrics
(Luteberget et al., 2018), and jumps (Spangler et al., 2018) have been established. All
players were familiarised with wearing the microtechnology devices prior to study
commencement. The devices were positioned between the scapulae, worn in tightly fitted
sports vests at elite domestic level and worn within custom-made pouches on the netball
match kit at the international level. At the international level, and where possible at the
domestic level, players were assigned the same device for each match they participated in
to minimise inter-device error (Buchheit & Simpson, 2017). All matches were played
indoors on wooden sprung courts for 60 minutes over four 15-minute quarters.

Given the unique demands of each position (Sweeting et al., 2017; van Gogh et al., 2020),
players were categorised according to their playing position for each quarter of each match.
As it is common in netball for players to play multiple positions within a match (e.g. Goal
Shooter and Goal Attack, or Centre and Wing Defence) positional observations are given
per number of quarter observations — Goal Shooter international n = 93, domestic n = 250;
Goal Attack international n =93, domestic n = 344; Wing Attack international n=92,
domestic n =240; Centre international n = 96, domestic n =262; Wing Defence interna-
tional n = 103, domestic 7 = 300; Goal Defence international n = 94, domestic n = 314; Goal
Keeper international # = 96, domestic n = 248. For whole-match analysis, players’ on-court
playing position was still considered (i.e. if a player plays 30 minutes at Goal Shooter and 30
minutes at Goal Attack, two separate match observations were recorded). Match observa-
tions were only excluded if a players’ total match time at any playing position was less than
five minutes (Sampaio et al., 2006) (i.e. players did not have to complete a full quarter to be
included).

2.4. Data analysis

After each match, the microtechnology data were extracted and downloaded using the
accompanying propriety software (Openfield v3.4.0, Catapult Innovations, Melbourne,
Australia). The raw data traces were aligned with the match footage to ensure accurate
start and end times for each quarter within the match. The data were cut to include only
the four playing quarters for each match, and all breaks between quarters were excluded
(Brooks et al., 2020). Players were only included in a quarter if they took to the court
during this time. If a player was substituted during a quarter, only the time on-court was
included to quantify the movement characteristics of match-play. The aligned video
footage was used to ensure this was accurate. Players were assigned their playing position
for each quarter. If a team change was made, and a player switched position during
a quarter this was reflected in the dataset (e.g. a player plays 8 minutes at Goal Attack
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then 7 minutes at Goal Shooter during one quarter). If an injury occurred and the umpire
extended the standard allocated injury time, this duration was excluded from analysis.
Data were analysed in this way to accurately reflect the movement characteristics of live
match-play.

Accelerometer-derived PlayerLoadTM (AU) and PlayerLoadTMZD (AU) metrics were
analysed as per previous research (Brooks et al., 2020). Additionally, IMU derived jumps
(n), accelerations (n), decelerations (n) and CODs (n) were analysed as per previous
studies (Simpson et al., 2020). Jumps have been analysed and reported as an individual
metric; however, acceleration and deceleration counts have been combined with COD
counts (acc-dec-COD) based on the reliability findings of total IMA from Luteberget
et al. (2018) and preliminary findings investigating the validity of discrete movements
detected by IMU in netball. These variables were analysed as absolute (volume demands)
values. Variables were also analysed relative to duration in minutes (intensity demands):
PlayerLoadTM per minute (AU-min™ "), acc-dec-COD per minute (n-min~') and jumps
per minute (7-min~'). All metrics included are defined in supplementary table S1.
Metrics were analysed for the whole-match, and per quarter at an individual player
level (i.e. for the duration of time on-court).

2.5. Statistical analysis

General and generalised linear mixed models were used to quantify and compare the
whole-match and quarter movement demands for the team and individual positions in
elite domestic and international level match-play. Continuous variables (e.g.
PlayerLoad ™) were analysed using general linear mixed models, and count variables
(e.g. jumps) were analysed using generalised linear mixed models assuming a negative
binomial distribution (Gardner et al., 1995; Weaving et al., 2019). To compare at the
whole-match level, playing level, playing position and the interaction between playing
level and playing position, were specified as fixed effects (Whitehead et al., 2019). To
compare at the quarter level, playing level, playing position, quarter, and the fully
factorial interaction between the three variables were included as fixed effects. In all
models, player, match, and player nested within playing level were set as random effects
to account for variability (Delaney et al., 2016; Whitehead et al., 2019). In all models,
pairwise differences between playing levels and among playing positions were obtained
and differences between quarters were also established in quarter models.

To establish players’ movement characteristics at different levels of competition, the
predicted movement demands of the 15 players that played in both elite domestic and
international matches were extracted from each model. These values were calculated by
adding each player’s individual intercept (taken from the player random effect) and competi-
tion (taken from the player nested within playing level random effect) adjustments to the fixed
effects model. No statistical analysis was performed on these differences as this is already
provided within the main effects analysis described above.

The coefficient of variation (CV) was used to assess between match variability within each
of the playing levels. CV was calculated using mean and standard deviation for continuous
variables and using the standardised median absolute deviation (MAD) and median for count
data (Crang et al.,, 2022). CV was classified as low (<5%), moderate (<10%), or high (=10%)
(Crang et al,, 2022; Dalton-Barron et al., 2021). Due to its unconventional distribution,
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duration data are presented as median and interquartile range (IQR) and were modelled using
kernel density instead of linear mixed models. Density plots are provided for each position in
each competition using the same bandwidth for each plot following the methodology of
a previous study (Sawczuk et al., 2022). These provide an understanding of the differences in
playing duration between playing positions and playing level.

All modelled variables are presented as estimated means (95% confidence interval
[CI]). Cohen’s d effect size (ES) statistic was used to provide a standardised measure of
differences for all continuous variables and classified as trivial (<0.2), small (0.2-0.59),
moderate (0.6-1.19), large (1.2-1.99), very large (2.0-4.0), or extremely large (>4.0)
(Hopkins et al., 2009). Rate ratios (RR) were used to determine differences between all
modelled count, and relative count, data. The RR was classified as trivial (0.90-1.11),
small (0.7-0.9 or 1.11-1.43), moderate (0.50-0.70 or 1.43-2.00) and large (<0.50 or >
2.00) (Rennie et al., 2021). All statistical analysis was computed using R (R. 4.2.2,
R Foundation for Statistical Computing, Vienna, Austria).

3. Results

Whole match playing duration descriptive data and density plots for both domestic and
international levels, per playing position, are presented in Figure 1.

Estimated means and 95% CI for absolute and relative metrics per playing position for
domestic and international level match-play are presented in Tables 1 and 2. All absolute
and relative variables per playing position for each quarter are provided in supplemen-
tary tables S2-5. Differences between playing levels and playing positions exist across all
absolute and relative variables (p < 0.05).

Elite Domestic
a - Goal Keeper b - Goal Defence € - Wing Defence d - Centre e - Wing Attack f- Goal Attack g - Goal Shooter
003 481 (41.0) 0.03 453 (46.1) 003 316(31.9) 003 318 (29.8) 0.03) 361 (31.6) 003 365 (29.8) 0.03) 382 (41.1)

0.00

0.00 . 0.00 L
0 15 30 45 60 0 15 30 45 60

Duration (minutes)

0.00

0 15 30 45 60 0 15 30 45 60 0 15 30 45 60

International
h - Goal Keeper i - Goal Defence J - Wing Defence K - Centre 1 - Wing Attack m- Goal Attack 1 - Goal Shooter
003|317 (29.9) 0.03 319(23.7) . 263 (15.7) 0.03 316 (16.8) 003 424 (43.5) 003 320 (31.5) 0.03| 325 (20.8)

Figure 1. Density plots with median highlighted as dashed line and median (IQR) displayed above
each plot, for total match duration played (in minutes), for each position, at elite domestic (grey [a - g])
and international (black [h - n]) level — Goal Keeper (a&h), Goal Defence (b&i), Wing Defence (c&j),
Centre (d&k), Wing Attack (e&l), Goal Attack (f&m), Goal Shooter (g&n).
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PlayerLoad ™ was higher at the domestic level for six of the seven playing positions (Goal
Keeper [ES =0.37, p = 0.32]; Goal Defence [ES = 0.70, p = 0.06]; Wing Defence [ES = 1.15,
p <0.01]; Centre [ES=0.15, p =0.66]; Wing Attack [ES =0.25, p =0.52] and Goal Attack
[ES=0.12, p=0.75]). Whilst PlayerLoadTM per minute (AU-min") was higher at the
international level across all playing positions with moderate differences for Goal Defence
(p =0.047), Wing Defence (p <0.01), Wing Attack (p = 0.045) and Goal Attack (p = 0.06),
and large differences for Goal Keeper (p = 0.01), Centre (p <0.01) and Goal Shooter (p <
0.01). Large (=10% CV) within-level between match variability was found across whole-
match variables, particularly jump count (CV =54.2% to 98.0%), with the exception of
PlayerLoad ™ per minute in which moderate to large variability was established (CV = 8.7%
to 18.8%).

The absolute PlayerLoad™, PlayerLoad™ per minute, jump count and acc-dec-COD
count per quarter are displayed in Figure 2. A significant decrease in PlayerLoad™
per minute and jump count (p < 0.01) from quarter one to all other quarters was found at
the domestic level, with a significant decrease from quarter one to all other quarters in
absolute PlayerLoad™ and acc-dec-COD count (p <0.01) found at both levels of
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Figure 2. Estimated means and 95% Cl across all playing positions for PlayerLoad™ (a), PlayerLoad™
per minute (b), acc-dec-COD count (c) and jump count (d) per quarter at elite domestic (DOM) and
international (INT) level.

*Significantly (p < 0.05) different from all other quarters; ASignificantly (p < 0.05) different from
quarter 2; +Significantly (p < 0.05) different from quarter 4 (within the same level of competition).
Effect sizes (Figures a & b) and rate ratios (Figures c & d) between quarters: a, small; b, moderate. Effect
sizes between levels of competition: #, small.
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Figure 3. Differences in absolute PlayerLoad™ (a), jump count (b), acc-dec-COD count (c), relative
PlayerLoad ™ per minute (d), acc-dec-COD per minute (e) and jumps per minute (f) between domestic
and international level for players in both levels of competition (n = 15). Boxplots show the median
and interquartile range with lines identifying individual cases (participant and level).

competition. PlayerLoad ™ per minute deceased by 0.6 AU-min™" (9.1 AU-min"" to 8.5
AU-min"', ES=0.64, p <0.01) between quarter one and quarter four at the domestic
level, and by 0.3 AU-min™" (9.5 AU-min"' to 9.2 AU-min"", ES=0.30, p = 0.04) at the
international level (Figure 2b).

The whole-match differences between positions at both levels of competition are
shown in supplementary figure S1 (continuous variables) and supplementary figure S2
(count variables). Very large to extremely large ESs (DOM, 3.85 to 7.64; INT, 3.51 to 7.49)
were found between the Goal Shooter and Goal Keeper, compared to all other positions
for PlayerLoad™ per minute (supplementary figure S1C & S1F). PlayerLoad™
per minute, at both levels of competition, presented the largest differences between
playing positions across all analysed metrics. For absolute PlayerLoad™ trivial to
moderate differences were found at the domestic (ES =0.04 to 1.14) level and interna-
tional (ES =0.05 to 1.17) levels (supplementary figure S1A & S1D).

Differences in absolute and relative metrics between domestic and international levels
for the fifteen players that participated at both levels are displayed in Figure 3. An overall
lower volume in absolute metrics (Figures 3a—c) occurred at international level compared
to domestic. When duration was considered, an increase at the international level was
identified compared to domestic for relative values (Figures 3d-f). Individual variability
was observed particularly for both PlayerLoad"™ variables (Figures 3a & 3d).

4. Discussion

This study primarily aimed to quantify and compare the whole-match and quarter
movement characteristics for the team and individual positions in elite domestic and
international level match-play. Secondly, it aimed to assess the movement characteristics
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of players competing in both elite domestic and international level netball. It is the first
study to establish the movement characteristics of both international and UK elite
domestic netball match-play, and investigate individual player movement characteristics
between levels of competition. Additionally, it is the first movement characteristics study
in netball literature that involves multiple teams within the same level of competition.
Results found greater relative (intensity) characteristics across all playing positions
during international matches compared to domestic matches. In contrast, greater abso-
lute (volume) characteristics were found at the domestic level across whole-matches.
Significant decreases in absolute and relative characteristics were observed across quar-
ters for both elite domestic and international competition. Quantification of, and differ-
ences between, the movement characteristics for playing positions and levels of
competition can assist practitioners in physically preparing athletes for competition
and during the return to play process.

Differences between international and domestic levels were identified across the
whole-match, and per quarter, for relative movement characteristics. Moderate and
large differences in whole-match PlayerLoad ™ per minute were found across all playing
positions (Table 2), with the international level recording higher PlayerLoad™
per minute values across all positions. Significantly higher acc-dec-COD per minute
characteristics were found for the midcourt Centre and Wing Defence positions at the
international level compared to domestic, with all playing positions excluding the two
goal shooting positions (Goal Attack and Goal Shooter) producing greater acc-dec-COD
per minute characteristics at the international level. This may be due to the style of play
undertaken by the international team analysed. The higher relative characteristics found
at the international level (Table 2 & Figure 2b) could be attributed to the differences in
playing duration identified, with six of the playing positions recording more total
minutes on-court at the domestic level compared to the international level (Figure 1).
Specifically, the Goal Keeper had the greatest difference (INT, 48.1 minutes vs. DOM,
31.7 minutes) in median duration with 16.4 minutes more on-court during a whole-
match at the domestic level, constituting more than one quarter of a match. Therefore,
more substitutions and/or team changes (Mackay et al., 2023) take place at international
level, which may contribute to the higher intensities established. Differences in intensity
could also be attributed to the higher standard of opposition, differences in playing style,
and the technical-tactical characteristics of international and domestic level matches.
However, further research is required in this area to quantify these differences and their
relationship with movement characteristics. The differences in intensity indicate that as
players transition from the domestic season to international competition, the training
prescription should prioritise intensity to prepare for the increase in match intensity
experienced at the international level.

In contrast to the findings on PlayerLoad™ per minute, absolute volume metrics
revealed only trivial to moderate differences for PlayerLoad ™ between international and
domestic levels for all positions. Greater PlayerLoad ™ was accumulated at the domestic
level for all positions, excluding the Goal Shooter, in the whole-match analysis compared
to international. The greatest and smallest average accumulated PlayerLoad™ were
Centre (366 [283-448] AU) and Goal Keeper (208 [120-269] AU) at the international
level and Centre (386 [343-430] AU) and Goal Shooter (234 [185-283] AU) at the
domestic level, respectively. The domestic level findings are consistent with previous
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literature in Australian domestic netball from Brooks et al. (2020) in which Centre (744.4
1 59.4 AU) and Goal Shooter (393.4 £20.4 AU) had the greatest and smallest accumu-
lated PlayerLoad™. As PlayerLoad™ is strongly correlated with distance covered
(Cardinale & Varley, 2017; Scott et al., 2013), the higher PlayerLoadTM observed for
Centre could be due to their lack of positional court restrictions compared to other
positions and therefore accumulates greater movement characteristics. Additionally,
a higher number of acc-dec-COD movements and jumps were completed on average
across a match at the domestic level for Goal Attack, Goal Defence, Goal Keeper, Wing
Attack and Wing Defence compared to international level; with the Wing Defence
recording significantly larger differences for both acc-dec-COD (DOM, 523 [454-602]
vs. INT, 357 [284-448]; RR=0.68) and jumps (DOM, 21.7 [18.2-25.9] vs. INT, 13.7
[10.3-18.1]; RR =0.63). The larger volume of movements completed across a whole-
match at the domestic level is likely due to the longer duration of time on-court
compared to the international level (Figure 1). However, it could also be due to differ-
ences in technical-tactical abilities. For example, at the domestic level more errors, and
therefore turnovers, may occur which could result in players moving throughout the
court for longer durations, though further research is required. Similar to match inten-
sities, the total volume of PlayerLoad™ and discrete movement patterns specific to each
position and level of play (e.g. jumps) can be used to prescribe training, particularly
during the return to play process.

When considering the fifteen players competing at both the international and domes-
tic level, similar trends in the absolute volume and relative per minute variables were
identified. At the international level, the absolute volume characteristics were lower.
However when duration is considered, the demands increase at the international level
with a higher median observed across the fifteen players for all relative variables.
Individual variability exists, particularly for the PlayerLoad™ variables. The shorter
median duration spent on-court at the international level could have an impact as
a higher PlayerLoad™ per minute may be produced for shorter durations and main-
tained by the rotation of players through substitutions and/or team changes. Coaches
may therefore wish to consider the impact of player substitutions throughout the match;
however further research is required to establish the contributing factors to the fluctation
in relative intensity between levels of competition. Individual variability may be influ-
enced by players’ dominant playing position within their international and domestic
team. However, this highlights practitioners need to consider player movement demands
on an individual basis given the variability, as well as prepare players for greater intensity
and density of movement at the international level rather than overall match volume.

Differences in movement characteristics were identified between quarters, however
these were specific to playing level. A significantly larger average PlayerLoad ™, acc-dec-
COD and jump volume were established in quarter one compared to all other quarters at
the domestic level of competition, with a significantly larger acc-dec-COD volume showing
in quarter two compared to quarter four also (Figures 2a, 2c & 2d). This decrease in
movement demand could be influenced by the game management style in which substitu-
tions and team changes are commonly made after quarter one leading to less movement
completed for substitute players in latter quarters when less time is spent on-court. As
players continue to complete fewer acc-dec-COD movements throughout the quarters at
the domestic level, it is possible fatigue may also contribute, however other aspects such as
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team and opposition playing style may impact the findings. At both the domestic and
international levels, there were small and moderate differences in PlayerLoad ™ per minute
between quarters when considering all players (Figure 2b). However, PlayerLoad ™
per minute was significantly higher in quarter one compared to all other quarters at the
domestic level, but at the international level quarter one was only significantly higher than
quarters two and four, showing a slight increase in PlayerLoad™ per minute following the
half time break at international level in comparison to the continuous decline seen at the
domestic level (Figure 2b). The volume as well as the intensity metrics therefore vary
throughout the quarters of a match at both levels of competition. Similar findings have
been established in other sports (Coutts et al., 2010; Luteberget & Spencer, 2017). In
handball, higher PlayerLoad™ per minute values were found at the start of matches
with gradual declines observed throughout halves (Luteberget & Spencer, 2017) and in
Australian football total distance, high-intensity running and average speed significantly
declined from quarter one to all other quarters (Coutts et al., 2010). Contributing factors to
this could be the playing style of the team or opposition and the personnel on-court
however, as multiple teams were involved in the study this was therefore the general trend
apparent across the league. The decrease in intensity following quarter one could be due to
players adjusting to the opposition playing style, fatigue, pacing and/or substitutions/team-
changes. For example, if players produce a higher intensity in quarter one that is not
maintained throughout the other quarters of the match, then fatigue may have impacted
the players. However, the significant drop from quarter one to quarter two does not
continue as the quarters progress at the international level, therefore pacing may be present
to maintain a sustainable intensity for the remainder of the match (Edwards & Noakes,
2009). Further research is required in netball to investigate this further to support the
preperation of players.

The whole-match data predominantly show large (210% CV) between match
variability within each playing level for all absolute and relative variables. Between
match variability of PlayerLoad'™ per minute revealed the least variability of all
metrics analysed, ranging from moderate (<10% CV) to large (210% CV) and
ranging between playing position at each level (CV =DOM, 10.1% [Goal Defence]
— 15.1% [Goal Keeper]; INT, 8.7% [Wing Attack] — 18.8% [Goal Attack]). Similar
between match PlayerLoad'™ per minute variability was found in elite female
soccer which ranged from 9.1% for a fullback player to 20.0% for a forward player
(Trewin et al, 2018). The lower variability found for PlayerLoad™ per minute
suggests it is the most consistent metric between matches and therefore practi-
tioners could use the PlayerLoad™ per minute metric to track match intensity for
players between games (Trewin et al., 2018). However, it should be considered that
movements contributing to the accumulation of PlayerLoad™ do vary, as shown by
the larger variability in the movement count metrics (Table 1). Large variability
(=10% CV) was established for all absolute metrics, across a whole match, for all
positions. The high variability established could be limited by the smaller match
sample size in comparison to other sports such as rugby league (Dalton-Barron
et al.,, 2021) and soccer (Dellal et al., 2011); however, this is the largest domestic
and international sample within netball literature to date. Considering the large
variability, practitioners could monitor movement count metrics and PlayerLoad™
simultaneously to provide context on the composition of PlayerLoad™. However,
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the reliability and validity of the movement count metrics in netball is yet to be
understood, therefore practitioners should consider this in the interpretation and
use. Future research should investigate the impact other factors, such as opposition
and team playing style, have on between match variability to provide further
insight.

This paper considered the movement characteristics of netball at a position specific
level however due to the structure of netball teams having small team sizes and seven
individual positions, the position specific sample sizes are smaller compared to other
league wide studies in team sport (Dalton-Barron et al., 2021; Dellal et al., 2011; Rennie
et al., 2021). The lower number of international matches played per season also impacts
the sample size, and the generalisability of the international findings is limited by the
inclusion of only one international team. Further research should consider the move-
ment characteristics of league-wide domestic and international matches over a longer
period. Additionally, the different garments holding the microtechnology devices
between the international and elite domestic groups may impact the data and therefore
future research should consider a consistent tight-fitting garment across all participants
(Malone et al., 2017).

In conclusion, this is the first study to establish the movement characteristics of
both international and UK elite domestic netball match-play and investigate players
competing in both levels of competition. The findings demonstrate that the median
duration of time on-court is greater at the domestic level. When considering the
whole-match movement characteristics there is greater volume at the domestic level,
but greater intensity during international match-play. Significant decreases in abso-
lute and relative metrics across quarters were found at both levels of competition,
particularly between quarter one and all other quarters. Further research is needed to
provide more detail on the contributing factors causing differences in intensity across
the levels of competition. Additionally, to provide more context to the movement
characteristic findings the technical and tactical characteristics of the different levels
of competition need to be determined and combined with the physical aspects on
a league-wide scale, as well as providing further insight into the cause of the quarter-to
-quarter fluctuations. Practitioners should consider the greater intensity character-
istics found in international match-play when transitioning athletes from the domes-
tic season to international competition. Both the volume and intensity metrics can be
used in training for position-specific training prescription.

Acknowledgements

We would like to express our gratitude to the coaches, practitioners and players within all
Superleague clubs who supported the project and Catapult Sports for providing loan units for
the study.

Disclosure statement

LM’s PhD is part-funded by England Netball. KD works for England Netball through the UK
Sports Institute. SW is employed by Leeds Rhinos Netball. BJ has received research funding from
Catapult Sports.



INTERNATIONAL JOURNAL OF PERFORMANCE ANALYSIS IN SPORT . 15

ORCID

Lois Mackay () http://orcid.org/0009-0008-8981-5711

Ben Jones (%) http://orcid.org/0000-0002-4274-6236
Cameron Owen (%) http://orcid.org/0000-0002-6518-1389
Thomas Sawczuk (%) http://orcid.org/0000-0003-4243-132X
Sarah Whitehead (12 http://orcid.org/0000-0002-6105-3160

Data sharing

All data relevant to the study are included in the article or uploaded as supplementary information.

Ethical approval

This project was approved by Leeds Beckett University, Local Ethics Committee (77292693).

References

Andersson, H. A., Randers, M. B., Heiner-Moller, A., Krustrup, P., & Mohr, M. (2010). Elite female
soccer players perform more high-intensity running when playing in international games
compared with domestic league games. The Journal of Strength & Conditioning Research, 24
(4), 912-919. https://doi.org/10.1519/JSC.0b013e3181d09f21

Austin, D. J., & Kelly, S. J. (2014). Professional rugby league positional match-play analysis
through the use of global positioning system. The Journal of Strength & Conditioning
Research, 28(1), 187-193. https://doi.org/10.1519/JSC.0b013e318295d324

Barrett, S., Midgley, A., & Lovell, R. (2014). PlayerLoad™: Reliability, convergent validity, and
influence of unit position during treadmill running. International Journal of Sports Physiology
and Performance, 9(6), 945-952. https://doi.org/10.1123/ijspp.2013-0418

Beard, A., Chambers, R., Millet, G. P., & Brocherie, F. (2019). Comparison of game movement
positional profiles between professional club and senior international rugby union players.
International Journal of Sports Medicine, 40(6), 385-389. https://doi.org/10.1055/a-0858-9973

Bourdon, P. C,, Cardinale, M., Murray, A., Gastin, P., Kellmann, M., Varley, M. C., Gabbett, T. J.,
Coutts, A. J., Burgess, D. J., & Gregson, W. (2017). Monitoring athlete training loads: consensus
statement. International Journal of Sports Physiology and Performance, 12(s2), S2-161-S162—
170. https://doi.org/10.1123/IJSPP.2017-0208

Brooks, E. R., Benson, A. C,, Fox, A. S., & Bruce, L. M. (2020). Physical movement demands of
elite-level netball match-play as measured by an indoor positioning system. Journal of Sports
Sciences, 38(13), 1488-1495. https://doi.org/10.1080/02640414.2020.1745504

Brooks, E. R, Benson, A. C., Fox, A. S., Bruce, L. M., & Wanner, S. P. (2021). Movement intensity
demands between training activities and competition for elite female netballers. PloS One, 16(4),
€0249679. https://doi.org/10.1371/journal.pone.0249679

Buchheit, M., & Simpson, B. M. (2017). Player-tracking technology: Half-full or half-empty glass?
International Journal of Sports Physiology and Performance, 12(s2), S2-35-S32-41. https://doi.
org/10.1123/ijspp.2016-0499

Cardinale, M., & Varley, M. C. (2017). Wearable training-monitoring technology: Applications,
challenges, and opportunities. International Journal of Sports Physiology and Performance, 12
(s2), S2-55-S52-62. https://doi.org/10.1123/ijspp.2016-0423

Cormack, S.J., Smith, R. L., Mooney, M. M., Young, W. B., & O’Brien, B. J. (2014). Accelerometer
load as a measure of activity profile in different standards of netball match play. International
Journal of Sports Physiology and Performance, 9(2), 283-291. https://doi.org/10.1123/ijspp.2012-
0216


https://doi.org/10.1519/JSC.0b013e3181d09f21
https://doi.org/10.1519/JSC.0b013e318295d324
https://doi.org/10.1123/ijspp.2013-0418
https://doi.org/10.1055/a-0858-9973
https://doi.org/10.1123/IJSPP.2017-0208
https://doi.org/10.1080/02640414.2020.1745504
https://doi.org/10.1371/journal.pone.0249679
https://doi.org/10.1123/ijspp.2016-0499
https://doi.org/10.1123/ijspp.2016-0499
https://doi.org/10.1123/ijspp.2016-0423
https://doi.org/10.1123/ijspp.2012-0216
https://doi.org/10.1123/ijspp.2012-0216

16 L. MACKAY ET AL.

Coutts, A. J., Quinn, J., Hocking, J., Castagna, C., & Rampinini, E. (2010). Match running
performance in elite Australian rules football. Journal of Science and Medicine in Sport, 13(5),
543-548. https://doi.org/10.1016/j.jsams.2009.09.004

Crang, Z. L., Duthie, G., Cole, M. H., Weakley, J., Hewitt, A., & Johnston, R. D. (2022). The
inter-device reliability of global navigation satellite systems during team sport movement across
multiple days. Journal of Science and Medicine in Sport, 25(4), 340-344. https://doi.org/10.1016/
jjsams.2021.11.044

Cummins, C., Orr, R., O’Connor, H., & West, C. (2013). Global positioning systems (GPS) and
microtechnology sensors in team sports: A systematic review. Sports Medicine, 43(10),
1025-1042. https://doi.org/10.1007/s40279-013-0069-2

Dalton-Barron, N., Palczewska, A., McLaren, S. J., Rennie, G., Beggs, C., Roe, G., & Jones, B.
(2021). A league-wide investigation into variability of rugby league match running from 322
Super league games. Science and Medicine in Football, 5(3), 225-233. https://doi.org/10.1080/
24733938.2020.1844907

Delaney, J. A., Duthie, G. M., Thornton, H. R,, Scott, T. J., Gay, D., & Dascombe, B. J. (2016).
Acceleration-based running intensities of professional rugby league match play. International
Journal of Sports Physiology and Performance, 11(6), 802-809. https://doi.org/10.1123/ijspp.
2015-0424

Dellal, A., Chamari, K., Wong, D. P., Ahmaidi, S., Keller, D., Barros, R., Bisciotti, G. N., &
Carling, C. (2011). Comparison of physical and technical performance in European soccer
match-play: FA Premier League and La Liga. European Journal of Sport Science, 11(1), 51-59.
https://doi.org/10.1080/17461391.2010.481334

Edwards, A. M., & Noakes, T. D. (2009). Dehydration: Cause of fatigue or sign of pacing in elite
soccer? Sports Medicine, 39(1), 1-13. https://doi.org/10.2165/00007256-200939010-00001

Fox, A. S., Spittle, M., Otago, L., & Saunders, N. (2013). Activity profiles of the Australian female
netball team players during international competition: Implications for training practice.
Journal of Sports Sciences, 31(14), 1588-1595. https://doi.org/10.1080/02640414.2013.792943

Gardner, W., Mulvey, E. P, & Shaw, E. C. (1995). Regression analyses of counts and rates: Poisson,
overdispersed Poisson, and negative binomial models. Psychological Bulletin, 118(3), 392.
https://doi.org/10.1037/0033-2909.118.3.392

Graham, S., Zois, J., Aughey, R., & Duthie, G. (2020). The peak player load™ of state-level netball
matches. Journal of Science and Medicine in Sport, 23(2), 189-193. https://doi.org/10.1016/j.
jsams.2019.09.014

Hopkins, W., Marshall, S., Batterham, A., & Hanin, J. (2009). Progressive statistics for studies in
sports medicine and exercise science. Medicine+ Science in Sports+ Exercise, 41(1), 3. https://doi.
org/10.1249/MSS.0b013e31818cb278

King, D. A, Cummins, C., Hume, P. A,, & Clark, T. N. (2020). Physical demands of amateur
domestic and representative netball in one season in New Zealand assessed using heart rate and
movement analysis. The Journal of Strength & Conditioning Research, 34(7), 2062-2070. https://
doi.org/10.1519/JSC.0000000000002605

Luteberget, L. S., Holme, B. R., & Spencer, M. (2018). Reliability of wearable inertial measurement
units to measure physical activity in team handball. International Journal of Sports Physiology
and Performance, 13(4), 467-473. https://doi.org/10.1123/ijspp.2017-0036

Luteberget, L. S., & Spencer, M. (2017). High-intensity events in international women’s team
handball matches. International Journal of Sports Physiology and Performance, 12(1), 56-61.
https://doi.org/10.1123/ijspp.2015-0641

Mackay, L., Jones, B., van Rensburg, D. C. C. ], Hall, F., Alexander, L., Atkinson, K., Baldrey, P.,
Bedford, A., Cormack, S., & Clarke, J. (2023). Consensus on a netball video analysis framework
of descriptors and definitions by the netball video analysis consensus group. British Journal of
Sports Medicine, 57(8), 441-449. https://doi.org/10.1136/bjsports-2022-106187

Malone, J. J., Lovell, R,, Varley, M. C., & Coutts, A. J. (2017). Unpacking the black box: Applications and
considerations for using GPS devices in sport. International Journal of Sports Physiology and
Performance, 12(s2), S2-18-S12-26. https://doi.org/10.1123/ijspp.2016-0236


https://doi.org/10.1016/j.jsams.2009.09.004
https://doi.org/10.1016/j.jsams.2021.11.044
https://doi.org/10.1016/j.jsams.2021.11.044
https://doi.org/10.1007/s40279-013-0069-2
https://doi.org/10.1080/24733938.2020.1844907
https://doi.org/10.1080/24733938.2020.1844907
https://doi.org/10.1123/ijspp.2015-0424
https://doi.org/10.1123/ijspp.2015-0424
https://doi.org/10.1080/17461391.2010.481334
https://doi.org/10.1080/17461391.2010.481334
https://doi.org/10.2165/00007256-200939010-00001
https://doi.org/10.1080/02640414.2013.792943
https://doi.org/10.1037/0033-2909.118.3.392
https://doi.org/10.1037/0033-2909.118.3.392
https://doi.org/10.1016/j.jsams.2019.09.014
https://doi.org/10.1016/j.jsams.2019.09.014
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1519/JSC.0000000000002605
https://doi.org/10.1519/JSC.0000000000002605
https://doi.org/10.1123/ijspp.2017-0036
https://doi.org/10.1123/ijspp.2015-0641
https://doi.org/10.1123/ijspp.2015-0641
https://doi.org/10.1136/bjsports-2022-106187
https://doi.org/10.1123/ijspp.2016-0236

INTERNATIONAL JOURNAL OF PERFORMANCE ANALYSIS IN SPORT . 17

Nicolella, D. P., Torres-Ronda, L., Saylor, K. J., Schelling, X., & Ardigo, L. P. (2018). Validity and
reliability of an accelerometer-based player tracking device. PloS One, 13(2), €0191823. https://
doi.org/10.1371/journal.pone.0191823

Noor, D., McCall, A., Jones, M., Duncan, C., Ehrmann, F., Meyer, T., & Duffield, R. (2019).
Transitioning from club to national teams: Training and match load profiles of international
footballers. Journal of Science and Medicine in Sport, 22(8), 948-954. https://doi.org/10.1016/j.
jsams.2019.02.006

Rennie, G., Hart, B., Dalton-Barron, N., Weaving, D., Williams, S., Jones, B., & Sunderland, C.
(2021). Longitudinal changes in super league match locomotor and event characteristics: A
league-wide investigation over three seasons in rugby league. PloS One, 16(12), €0260711.
https://doi.org/10.1371/journal.pone.0260711

Sampaio, J., Janeira, M., Ibanez, S., & Lorenzo, A. (2006). Discriminant analysis of game-related
statistics between basketball guards, forwards and centres in three professional leagues.
European Journal of Sport Science, 6(3), 173-178. https://doi.org/10.1080/17461390600676200

Sawczuk, T., Palczewska, A., Jones, B., & Palczewski, J. (2022). Use of kernel density estimation to
understand the spatial trends of attacking possessions in rugby league. arXiv Preprint arXiv:
2206 07930.

Scott, D., Haigh, J., & Lovell, R. (2020). Physical characteristics and match performances in
women’s international versus domestic-level football players: A 2-year, league-wide study.
Science and Medicine in Football, 4(3), 211-215. https://doi.org/10.1080/24733938.2020.
1745265

Scott, B. R,, Lockie, R. G., Knight, T. J., Clark, A. C., & de Jonge, X. A. J. (2013). A comparison of
methods to quantify the in-season training load of professional soccer players. International
Journal of Sports Physiology and Performance, 8(2), 195-202. https://doi.org/10.1123/ijspp.8.2.195

Simpson, M. J., Jenkins, D. G., & Kelly, V. G. (2020). Workload differences between training drills
and competition in elite netball. International Journal of Sports Physiology and Performance, 15
(10), 1385-1392. https://doi.org/10.1123/ijspp.2019-0971

Simpson, M. ], Jenkins, D. G., Scanlan, A. T., & Kelly, V. G. (2020). Relationships between
external-and internal-workload variables in an elite female netball team and between playing
positions. International Journal of Sports Physiology and Performance, 15(6), 841-846. https://
doi.org/10.1123/ijspp.2019-0619

Spangler, R., Rantalainen, T., Gastin, P. B., & Wundersitz, D. (2018). Inertial sensors are a valid
tool to detect and consistently quantify jumping. International Journal of Sports Medicine, 39
(10), 802-808. https://doi.org/10.1055/s-0044-100793

Sweeting, A. J., Aughey, R. J., Cormack, S. J., & Morgan, S. (2017). Discovering frequently
recurring movement sequences in team-sport athlete spatiotemporal data. Journal of Sports
Sciences, 35(24), 2439-2445. https://doi.org/10.1080/02640414.2016.1273536

Theodoropoulos, J. S., Bettle, J., & Kosy, J. D. (2020). The use of GPS and inertial devices for player
monitoring in team sports: A review of current and future applications. Orthopedic Reviews, 12
(1). https://doi.org/10.4081/0r.2020.7863

Trewin, J., Meylan, C., Varley, M. C., & Cronin, J. (2018). The match-to-match variation of
match-running in elite female soccer. Journal of Science and Medicine in Sport, 21(2),
196-201. https://doi.org/10.1016/j.jsams.2017.05.009

van Gogh, M. J., Wallace, L. K., & Coutts, A. J. (2020). Positional demands and physical activity
profiles of netball. The Journal of Strength & Conditioning Research, 34(5), 1422-1430. https://
doi.org/10.1519/JSC.0000000000002388

Weaving, D., Sawczuk, T., Williams, S., Scott, T., Till, K., Beggs, C., Johnston, R. D., & Jones, B.
(2019). The peak duration-specific locomotor demands and concurrent collision frequencies of
European super league rugby. Journal of Sports Sciences, 37(3), 322-330. https://doi.org/10.
1080/02640414.2018.1500425


https://doi.org/10.1371/journal.pone.0191823
https://doi.org/10.1371/journal.pone.0191823
https://doi.org/10.1016/j.jsams.2019.02.006
https://doi.org/10.1016/j.jsams.2019.02.006
https://doi.org/10.1371/journal.pone.0260711
https://doi.org/10.1371/journal.pone.0260711
https://doi.org/10.1080/17461390600676200
https://doi.org/10.1080/24733938.2020.1745265
https://doi.org/10.1080/24733938.2020.1745265
https://doi.org/10.1123/ijspp.8.2.195
https://doi.org/10.1123/ijspp.2019-0971
https://doi.org/10.1123/ijspp.2019-0619
https://doi.org/10.1123/ijspp.2019-0619
https://doi.org/10.1055/s-0044-100793
https://doi.org/10.1080/02640414.2016.1273536
https://doi.org/10.4081/or.2020.7863
https://doi.org/10.1016/j.jsams.2017.05.009
https://doi.org/10.1519/JSC.0000000000002388
https://doi.org/10.1519/JSC.0000000000002388
https://doi.org/10.1080/02640414.2018.1500425
https://doi.org/10.1080/02640414.2018.1500425

18 L. MACKAY ET AL.

Whitehead, S., Dalton Barron, N., Rennie, G., & Jones, B. (2021). The peak locomotor character-
istics of Super League (rugby league) match-play. International Journal of Performance Analysis
in Sport, 21(6), 981-992. https://doi.org/10.1080/24748668.2021.1968659

Whitehead, S., Till, K., Weaving, D., Hunwicks, R., Pacey, R., & Jones, B. (2019). Whole, half and
peak running demands during club and international youth rugby league match-play. Science
and Medicine in Football, 3(1), 63-69. https://doi.org/10.1080/24733938.2018.1480058

Young, C. M,, Gastin, P. B., Sanders, N., Mackey, L., & Dwyer, D. B. (2016). Player load in elite
netball: Match, training, and positional comparisons. International Journal of Sports Physiology
and Performance, 11(8), 1074-1079. https://doi.org/10.1123/ijspp.2015-0156


https://doi.org/10.1080/24748668.2021.1968659
https://doi.org/10.1080/24733938.2018.1480058
https://doi.org/10.1123/ijspp.2015-0156

	Abstract
	1. Introduction
	2. Methods
	2.1. Experimental design
	2.2. Participants
	2.3. Procedures
	2.4. Data analysis
	2.5. Statistical analysis

	3. Results
	4. Discussion
	Acknowledgements
	Disclosure statement
	ORCID
	Data sharing
	Ethical approval
	References

