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Abstract

Purpose Camogie is a native Irish female field sport game. This investigation aimed to establish elite camogie players’
positional and temporal running demands across 5-min intervals during competitive match play.

Methods Thirty-one (n=31) inter-county camogie players (age: 24 +4 years; height: 167.2 + 6.3 cm; body mass:
67.0+7.5 kg) from two squads wore commercially available 10-Hz Playertek GPS units (Playertek by Catapult, Australia)
during Senior All-Ireland Championship games (n=8). Players were categorised according to match positions (defenders,
mid-fielders, forwards). Games were split into quarters, and subsequently into 5-min intervals for analysis (5-min intervals
are more closely associated with small-sided games and training than half-by-half comparisons).

Results Analysis revealed significant positional and temporal differences to exist (p < 0.05). Mid-fielders covered greater total
(r=0.16-0.19) and relative distance (r=0.15-0.17), with forwards covering greater high-speed distances (r=0.09-0.19).
Mid-fielders had greater temporal performance decrements for sprint distance between all first quarter intervals and 55-60
interval (Kendall’s W (W=0.86-1.00), as well as the 0-5 and all final quarter intervals for total distance (W=0.86—1.00).
Defenders had significant performance decreases during the 25-30 (W=0.29-0.60) and 40-45 interval (W=0.14-0.57) for
both total and relative distance. Forwards exhibited the lowest performance decrement, with no significant differences for
peak speed, high-speed running, or sprint distance (W=0.00-0.53).

Conclusion Positional and temporal differences are evident in elite camogie match play. Mid-fielders have the greatest total
and sprint distance decrements, with defenders also exhibiting total and relative distance decreases. Coaches should focus

on temporal differences with respect to position, to minimise performance decrements.

Keywords GPS - Player tracking - Position - Gaelic games

Introduction

Camogie is a native Irish female field sport game. Governed
by The Camogie Association, camogie is intermittent in
nature, with high levels of speed, power and aerobic endur-
ance required to compete at the elite level. Similar to the
male game of hurling, it is played with a hurl (stick) and
sliotar (ball). A unique skillset is required to play camogie
compared to other female field sports. Teams comprise 15
players—1 goalkeeper, 6 defenders, 2 mid-fielders and 6
forwards. Traditionally, both defending and forward units
are split into two lines of three (i.e. half-forward line and
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full-forward line). Tactical advancements in camogie have
led to players in these positions frequently interchanging
between the two positional lines and therefore, are identified
as one within this investigation.

The Senior All-Ireland camogie championship is the pin-
nacle competition each year, with players who compete in
this competition the most elite camogie players in Ireland.
The competition structure is based on a league round-robin
system, followed by knockout stages. Eleven teams compete
in the competition, with a minimum of three games per team.
Games are 60 min in duration, traditionally played in two
halves of 30 min. Due to the COVID-19 pandemic, games
are now played in four 15-min quarters, with a 1-min water
break after the first and third quarters. A 10-min half-time
interval separates the second and third quarter.

Research on camogie and its players continues to
grow in line with an increase in the sport’s popularity,
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alongside players’ reported time commitments and train-
ing regimes [1, 2]. Previous research reported on players’
injuries [2—4], strength and conditioning recommendations
[1], and match-play demands [5, 6]. Current match-play
demand research has primarily focused on half-by-half
comparisons. Given the increased use and popularity of
small-sided games in Gaelic sports [7], and their proposed
benefits [8§—10], quantifying and understanding demands
for similar playing periods seem necessary, to allow appro-
priate comparisons, and training programming to occur.
Consequently, 5-min intervals were identified as a suitable
interval to achieve this outcome.

Quantifying player running load to establish training and
match-play demands is commonly done via Global Position-
ing Systems (GPS) technology, a practically superior method
of analysis compared to alternative methods [11]. GPS
technology has been used across a variety of field sports
including camogie, rugby union, field hockey, and soc-
cer [5, 12—14], to track and monitor running performance.
GPS metrics including total distance, high-speed running,
and peak speed are commonly reported to quantify match-
play demands [15]. However, no camogie investigation has
reported on running demands of shorter intervals other than
halves of play. Camogie differs from other field sports, with
playing numbers, playing area, and the skills required unique
to the game. It is therefore not possible to utilise reports
from other female field sport research, particularly given the
running performance differences previously reported [5, 6].

Positional differences in running loads are evident in
camogie cohorts across halves of play [5, 6]. Connors et al.
[5] reported similar positional trends to elite hurling [16],
with mid-fielders covering greater total distance, and for-
wards greater sprint distances. Anecdotally, small-sided
game training interventions are conducted generically, with
no positional training load differences despite positional dif-
ferences during match play [5]. The absence of position-spe-
cific consideration in programme design may lead to under-
preparation of some positional groups for competition.

Temporal performance decrements in field sports have
been frequently reported [14, 17], which can be attributed
to multiple factors including accumulated fatigue, tactics,
and opposition quality [17, 18]. Running reductions result
in possible negative match outcomes, with higher injury
rates also reported when athletes are fatigued [19]. Tem-
poral decrements are also evident in half-by-half camogie
comparisons [5, 6]. By understanding potential periods of
performance decline, coaches may make more informed
tactical changes and identify appropriate time intervals to
introduce substitutes.

The aim of this investigation is threefold: firstly, to inves-
tigate if positional differences occur; secondly, to identify
temporal changes in performance across 5-min intervals;
thirdly, to establish the match-play running demands of
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5-min intervals of match play, to inform training and small-
sided game prescription.

The hypothesis is that positional and temporal differ-
ences will be present, similar to previous camogie research.
It is anticipated mid-fielders will cover greater distance
compared to other positions, with a decline in performance
noted, particularly between the first- and final-time interval,
given the negative impact accumulated fatigue may have on
running performance [18, 19].

Methods
Participants

Thirty-one (n=31) senior inter-county camogie play-
ers (age: 24 +4 years; height: 167.2 +6.3 cm; body mass:
67.0+7.5 kg) from two squads volunteered to participate in
this investigation. Ethical approval was sought and granted
by the Institutes’ Research Ethics Committee. Prior to data
collection, players completed health screening question-
naires and institutionally approved informed consent forms,
which informed them of the study’s risks, purpose, and ben-
efits. Participants were informed they could withdraw at any
time. All data collection conformed to the Declaration of
Helsinki recommendations.

Protocols

To investigate the positional and temporal demands of elite
inter-county camogie match play across 5-min intervals,
31 (n=31) inter-county camogie players were recruited to
participate in this investigation. Players wore 10Hz Play-
ertek (Playertek by Catapult, Australia) GPS units for all
competitive games (n=_8) played in the Senior All-Ireland
Championship. Players were split into their respective play-
ing positions, based on match positions. 72 datasets were
collected in total (defenders (n=43), mid-fielders (n="7),
forwards (n=22)). All players completed at least 2 months
training prior to data collection.

Players’ height and body mass were measured in a testing
session before the first game. Players stood barefoot, wearing
minimal clothing, to have height and body mass assessed.
Height was measured to the nearest 0.1 cm using a Seca Sta-
diometer (Seca 264, Hamburg, Germany), with body mass
also measured to the nearest 0.1 kg using Seca Weighing
Scales (Seca 704, Hamburg, Germany).

Running performance was quantified using commer-
cially available 10-Hz Playertek GPS units, integrated
with a 400-Hz triaxial accelerometer and a 10-Hz triaxial
magnetometer (Playertek by Catapult, Australia). Previ-
ous investigations have documented 10-Hz GPS units’
validity and reliability on distance and velocities across
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linear and team sport circuits [20, 21]. The unit (dimen-
sions: 85 mm X 40 mm X 20 mm) was placed in a protective
pouch in the upper thoracic region between the participant’s
shoulder blades. GPS units were turned on 15 min prior to
the warm-up to ensure satellite connection was established.
Players undertook their usual pre-match warm-up which
consisted of jogging, dynamic movements, and skill-related
activities. GPS data were downloaded retrospectively via the
Playertek software for further analysis. Games were broken
into 5-min intervals using an in-built feature of the Playertek
software, with three intervals per quarter. Additional time
played was discarded from analysis due to the time period
being less than 5 min.

Total distance (m), relative distance (m min~h), peak
speed (m s~1), high-speed running (m) and sprint distance
(m) were analysed to quantify the players’ running perfor-
mance for each game. High-speed running and sprint dis-
tance thresholds were set at 4.4-5.5m s~ and>5.5m s,
respectively, in line with previous research [22]. GPS data
was downloaded from the Playertek software to a Microsoft
Excel spreadsheet (Excel, Redmond, USA) for further analy-
sis. Only players who completed a full game (60 min) were
included in data analysis.

Statistical analysis

Data analysis was done using IBM SPSS Software 25. Data
was assessed for normality using Shapiro—Wilks tests for
normality. Data violated the test for normal distribution,
therefore non-parametric equivalents were used.

A Kruskal-Wallis H test was conducted to investigate if
positional differences existed, with Bonferroni adjustments.
Statistical significance was set at the accepted alpha level
p <0.05. Temporal differences between 5-min intervals were
analysed using Friedmann’s test, with pairwise compari-
sons and Bonferroni adjustments used for post hoc analysis.
To determine the magnitude of effect between positional
groups, effect size (r) was calculated using the standardised
test statistic divided by the square root of the number of

cases [23], with Kendall’s W (W) used for temporal esti-
mates of effect size. Kendall’s W and r were interpreted
using Cohen’s D estimate of effect size interpretations: triv-
ial (<0.20), small (0.20-0.49), moderate (0.50-0.79), large
(0.80-1.00) [24].

Results

Table 1 shows the descriptive statistics of positional match-
play running demands of a typical 5-min interval.

Positional analysis revealed significant differences
(» <0.05) between mid-fielders and other positional groups
for total (r=0.16-0.19) and relative distance (r=0.15-0.17).
Furthermore, significant differences (p < 0.05) between for-
wards and other positional groups were noted for peak speed
(r=0.14-0.18), high-speed running (r=0.16-0.19) and
sprint distance (r=0.09-0.16). Trivial differences between
defenders and forwards for relative distance (r=0.02) was
observed, with trivial differences between defenders and
mid-fielders for peak speed (r=0.04), high-speed running
(r=0.03) and sprint distance (r=0.06) also.

Table 2 shows the median positional 5-min interval
temporal running demands of elite inter-county camogie.
Significant temporal differences (p < 0.05) were evident
for defenders’ total (W=0.14-0.60) and relative distance
(W=0.12-0.59), notably for the 25-30, 30-35, and 4045
intervals compared to intervals of the first 20 min, as well as
for the 0-5 interval compared to all third and fourth quarter
intervals (W=0.24-0.59). Significant differences for high-
speed running between 40 and 45 and the 0-5, 10-15 and
15-20 intervals were also observed (W=0.09-0.46), with
no differences across peak speed (W=0.00-0.18) or sprint
distance (W=0.00-0.28).

Mid-fielders had a significant decrease in performance
between 0-5 and 30-35 intervals (W=1.00), with no dif-
ferences for peak speed or high-speed running. The 55-60
interval showed a significant decline in sprint performance
compared to the 5-10 and 35-40 intervals (W=1.00).

Table 1 Median (interquartile range) senior inter-county camogie positional running demands of a typical 5-min interval of competitive match

play

Overall (n=72)

Defenders (n=43)

Mid-fielders (n=7) Forwards (n=22)

Total distance (m) 450 (390-520)

450 (380-520)*

490 (440-540) 450 (380-510)*

Relative distance (m min~") 91 (77-104) 89 (76-103)* 98 (87-107) 91 (77-103)*

Peak speed (m s™) 6.1 (5.5-6.5) 6.0 (5.4-6.5)%* 5.9 (5.4-6.4)%* 6.2 (5.7-6.7)

High-speed running distance (m) 40 (25-59) 38 (22-58)** 38 (18-49)** 44 (27-62)
(44-55ms7h

Sprint distance (m) (>5.5ms™") 14 (3-29) 12 (1-27)%*x 10 (1-23)%* 19 (7-34)

*Significantly different from mid-fielders (p <0.05)
**Significantly different from forwards (p <0.05)
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However, non-significant moderate-to-large differences
were noted, notably between all intervals between 0-20
(W=0.51-1.00) and the 25-30 and 30-35 intervals,
and 0-5 compared to 40-45, 45-50, 50-55 and 55-60
(W=0.51-1.00). There were also large differences between
35-40, and 25-30 and 30-35 intervals (W=1.00). Large
differences in peak speed between 55-60 and 5-10, 10-15,
and 3540 were evident (W= 1.00), as well as between 5-10,
and 25-30 and 4045 intervals (W=0.86—1.00).

Large high-speed running performance decrements
occurred at the 30-35 and 40—45 interval compared to 0-5
(W=1.00), with similar decreases between 10—15 and 25-30
(W=1.00). Further moderate differences occurred, notably
between 0-5 and 45-50, 50-55, and 55-60 (W=0.51).
Similar sprint distance decreases between 5-10 and 20-25
and 25-30 (W=1.00), as well as 10-15 and 25-30 intervals
(W=1.00) were evident, with the 55-60 interval showing
large differences to 0-5, 5-10, 10-15, and 3540 intervals
(W=0.86-1.00).

Only significant differences for forwards’ total dis-
tance between 0-5 and 40-45 were noted (W=0.49), with
differences also between 40-45, and 5-10- and 10-15
(W=0.41-0.53). There were no other significant tempo-
ral decreases in performance across metrics for forwards,
with only a moderate difference between 0-5 and 4045 for
high-speed running (W=0.53). Trivial to small differences
were seen for other temporal comparisons across metrics
(W=0.00-0.49).

Discussion

This study is the first to investigate elite camogie match-play
running demands across 5-min intervals. Current camogie
research has focused on half-by-half comparisons solely [5,
6]. However, with the potential application of small-sided
games in training, given their use in Gaelic football cohorts
[7], understanding running demands of shorter time periods
seems necessary. The analysis revealed significant positional
and temporal differences to exist.

Mid-fielders covered greater total and relative distance
compared to other positions, similar to previous camogie
research [5, 6]. Forwards cover greater high-speed running
and sprint distances compared to both defenders and mid-
fielders, as well as higher peak speeds, similar to previous
camogie and field hockey investigations [5, 25]. Therefore,
individualised or position-specific training is required, given
obvious positional running differences. Significant tempo-
ral differences were also noted. The 0-5 interval was most
demanding for total distance, relative distance, and peak
speed for defenders, with varying results for other positions.
However, a general decrease in performance was noted par-
ticularly in the 5-min intervals either side of half-time and

the end of the third quarter. Accumulated fatigue may be one
contributing factor leading to this finding. Previous research
in hurling [26], female soccer [17] and female Australian
Rules football [27] have reported players to cover greater
total and high-speed distance in the first quarter of match
play compared to other quarters. Therefore, it should perhaps
not be unexpected that performance decreases occur.

High-speed running and sprint distance account for 8.89%
and 3.11% of the total distance covered. This is similar to
the high-speed running percentage of the total distance
covered in previous field hockey (9.14%) and camogie
studies (9.28%), with the proportion of sprint distance cov-
ered similar to previously reported in both sports (2.83%
and 3.11%) [6, 25]. Relative distance is lower than that
of NCAA Division I soccer (96—107 m min~"!) and field
hockey (127.6 m min~!) cohorts [13, 25], though this may
be expected given a sliotar can travel up to 112 km h™! and
frequently travels greater than 50 m, thus possibly reducing
running requirements [4].

Median peak speed across intervals was 6.10 m s~!, which
is lower than that reported in full game field hockey and soc-
cer [14, 28]. Camogie players were previously reported to
achieve lower peak speeds compared to their female field
sport peers [5]; therefore, this is not a novel finding. Game
constraints may limit players from reaching their true peak
speeds; however, further research is required to confirm this.
Camogie players’ mean sprint distance is 15 +3 m [6]; there-
fore players may not reach their true peak speed across this
distance.

Mid-fielders may require greater training workloads at
lower intensities given the higher total distance covered dur-
ing match play, compared with other positional groups. For-
wards may benefit from greater high-speed training loads,
given the greater distance covered at higher speeds during
match play compared to other positions. Although defend-
ers and forwards covered similar total and relative distance,
defenders completed less high-speed running and sprint-
ing in comparison. This may be attributed to the skills and
positioning associated with defending, alongside the need to
anticipate their opponents’ movement [15, 25]. Therefore,
although total positional running load is similar, there is
perhaps a requirement to focus on anticipatory and defender-
specific work also.

Temporal reductions in performance are cited as a pos-
sible injury risk [19], with higher injury rates reported in
a game’s final third compared to other time periods [29].
Therefore, reducing or better understanding this perfor-
mance decrement is necessary. Total and relative distance
decrements of 19-26% were apparent across positions from
the highest-to-lowest 5-min intervals. Larger sprint decre-
ments were also evident (59-100%), with mid-fielders hav-
ing the largest high-speed running and sprint distance decre-
ments. These decrements are higher than previously reported
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in elite camogie (14.84% and 29.90%) [5]. Although external
factors such as opposition or result may impact temporal
decrements, this is more likely applicable to single games
and may be negated across a championship campaign. Given
the negative impact of decrements on performance, along-
side the increased injury risk, attempts to reduce these decre-
ments should be prioritised.

The end of the third quarter (40—45 min), alongside both
5-min intervals either side of half-time exhibits the largest total
and relative distance decrement in defenders’ performance. The
reasons for this are unclear, given an increase in total distance
was evident in later time intervals. Similar increases during the
final quarter of match play have been previously reported in
field hockey reports [25]. It is plausible an increase in running
performance in the final quarter may be due to substitute intro-
duction. Substitutions have previously been reported to have
greater relative work rate profiles in both Gaelic football [30]
and NCAA Division I soccer [13] games compared to full game
players. Therefore, it may be that full game players’ attempts to
match substitutes’ running performance leads to an increase in
running performance in the final quarter.

Mid-fielders had the largest decrement in performance
across positions, with this similar to previous camogie
reports [5, 6]. This decrement was most notable for high-
speed running and sprint distance. This is an area coaches
may look to address through appropriate training methods.
Mid-fielders had a large decrease in total and relative dis-
tance during the last 15 min of match play compared to the
first 5 min, with decreases also noted during the interval
either side of half-time and the final interval of the third
quarter. Furthermore, mid-fielders had large decreases in
peak speed across intervals, unlike defenders.

Forwards were the most consistent positional group across
time intervals. However, performance decreases were again
observed at the end of the third quarter for total and rela-
tive distance. No significant differences were noted for peak
speed, high-speed running, or sprint distance. A greater
distance covered at higher speeds and lower total distance
compared to mid-fielders may allow forwards to recover fully
between bouts, thus reducing performance decrements. Also,
the frequent interchanging of positional lines may result in
some forwards spending greater time in the full-forward line,
a position which covers a similar number of sprints, but lower
total distance compared to the half-forward line [6].

Furthermore, performance decreases prior to half-time
may be due to accumulated fatigue over the 30 min, with
half-time passive nature perhaps hindering performance dur-
ing the 5 min after the interval. Half-time has a reported neg-
ative impact on performance, with a re-warm-up attenuating
the reduction in performance in male soccer players [31].
Future research may investigate the effect of a re-warm-up
on performance in camogie. The intervals with reduced per-
formance may provide an area for coaches to target, given
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a possible reduced workload for full game players during
these periods, as well as the impact of substitutions on run-
ning performance.

Running performance may be impacted by technical
performance indicators [32], therefore tracking the running
performance of one squad of players may result in biased
results due to a team’s tactics, playing style and skill levels.
However, in tracking different camogie squads, this investi-
gation attempted to negate these limitations. These results
provide normative positional running demand ranges which
may be more applicable to programme small-sided games in
training. The benefits of these games have been widely docu-
mented in hurling cohorts [8, 9]; however, further research
may look to examine their use in camogie. Further research
on club (sub-elite) match play may also be examined, as well
as assessing the impact of technical performance indicators
on running performance through video analysis. Positional
differences are evident during elite camogie match play;
therefore, attempts to prepare players appropriately accord-
ing to their position is necessary.

Conclusion

This study is the first to provide a more in-depth running
demand analysis of elite camogie players. Positional vari-
ation is apparent, with mid-fielders covering greater total
and relative distance compared to other positions, and for-
wards covering greater distances at high-speed and sprint
distances, as well as achieving higher peak speeds. Tem-
poral performance decrements were observed, with mid-
fielders exhibiting the largest decrements in performance.
Both defenders and mid-fielders had significant performance
decreases during the 25-30 and 40—45 intervals, with mid-
fielders’ total distance decreasing during the final three
intervals. Forwards had smaller decrements in performance
compared to other positions. Coaches should consider posi-
tional running differences, along with temporal performance
decrements when programming training and planning sub-
stitutions during match play. Small-sided games are a pop-
ular training intervention with short time periods of play
commonly utilised. Players should reach similar or greater
distances to that reported during a 5-min interval of match
play to ensure adequate preparation for match-play demands.
Large temporal decreases are evident, particularly for
defenders and mid-fielders. Coaches may attempt to reduce
these decrements through appropriate training methods along-
side tactically utilising substitutions. A re-warm-up protocol
prior to the start of the second half may also aid in reducing
the performance decrement noted within that time period.
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