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Running title: Relative intensity of team sport oieplay

ABSTRACT

This study investigated the activity profiles ohjar rugby league players competing in three
distinct age groups (Under 13, 14, and 15), anddistinct playing standards (Division 1 and
4). In addition, we reported GPS data using pffexdd absolute speed thresholds, and speed
thresholds expressed relative to a players’ indi@igheak velocity. Ninety male junior rugby
league players, representing one of six teams ctngpie the Brisbane junior rugby league
competition, underwent measurements of peak vegldeiia a 40 m sprint) and global
positioning system (GPS) analysis during compeitivatches. Data were described as both
absolute speed zones, and relative to the indiVigheyer's peak velocity. Absolute
measures of moderate, high, and very-high speeatngmlistances increased with age, with
the differences among groups typically small to srate (ES = 0.24 to 0.68) in magnitude.
However, when data were expressed relative to gepacapacity, younger players, and
those from lower playing divisions, exhibited highglaying intensities and performed
greater amounts of high-intensity activity. Moderanegative relationships (r = -0.43 to -
0.46) were found between peak velocity and the amnaod relative high-speed running
performed. These findings suggest that indivichadion of velocity bands increases the
high-speed running attributed to slower players @®edreases the high-speed running
attributed to faster players. From a practicakpective, consideration should be given to
both the absolute and relative demands of competiti order to provide insight into training

prescription and the recovery requirements of ildial players.

KEY WORDS: time-motion analysis, activity profiles, rugby t¢gee, physical demands,

relative stress
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INTRODUCTION

Time-motion analysis has been used extensivelyvestigate the movement patterns and
activity profiles of high-intensity, intermitteneam sports (4, 19, 25). Recently, the time-
intensive challenges of video-based time-motionlyesia have been circumvented by the
development and application of global positioniygtem (GPS) technology to the sporting
environment (8). While recommendations for repgytGPS data have been presented (9),
there is generally a wide range of reporting meshechployed in the scientific literature,

making comparisons between studies problematig)(8,

To date, there are no standardized methods forrtregovelocity ‘zones’, and several
definitions of what constitutes an ‘effort’ (9). p&t scientists from professional and elite
field sports typically characterize a sprint effastany movement above a threshold sprinting
velocity (ranging between 6 and 7 M):€9). A limitation of this approach is that itil&ato
account for the individual sprinting ‘capacity’ players, whereby faster players are likely to
perform at a relatively lower percentage of theiaximum sprinting speed, and slower
players are likely to perform at a relatively higheercentage of their maximum sprinting

speed.

Abt and Lovell (1) compared the distance run ahhigensities during soccer match-play
using an absolute speed threshold of 19.8 Kimamd an individualized high-intensity speed
threshold based on the speed at the second venyilditreshold (15 km. H). Significant

differences were found in the high-intensity dist&amnun at the absolute (845 m) and relative
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(2258 m) threshold, demonstrating that the use l$olate speed thresholds may
underestimate the high-intensity running perforndeing match-play. Buchheit et al (6)
investigated the number of repeated-sprint seqetitat occurred during match-play in
junior (Under 13-Under 18) soccer players. While tfrequency of repeated-sprint
sequences was greater in the older players wherealgfined (>19 km.AD sprinting
threshold was used, when sprints were expressativeeto each individual players’ capacity
(>61% of peak velocity), younger players perforngedreater number of repeated-sprint
sequences. Collectively, these findings suggeat thdividualisation of speed bands
increases the high-speed running attributed taivelst slower players and decreases the

high-speed running attributed to relatively fagtiayers.

Across a wide range of team sports, the absoliénsity of match-play has been shown to
increase with higher playing standards (2, 11-8B3, However, a limitation of most studies

is the failure to account for the individual phydicapacities of players. In this study, we
investigated the activity profiles of junior ruglgague players competing in three distinct
age groups (Under 13, 14, and 15), and two displagting standards (Division 1 and 4). In

addition, we reported GPS data using pre-definesblabe speed thresholds, and speed
thresholds expressed relative to a players’ indi@idoeak velocity. We hypothesized that
when data were expressed relative to a playerglagpthat younger players, and those from
lower playing divisions, would exhibit higher plag intensities and perform greater amounts

of high-intensity activity.
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METHODS

Experimental Approach to the Problem

To test our hypothesis, we used a cross-sectioqarinental design. Junior rugby league
players competing in three distinct age groups @nti3, 14, and 15), and two distinct
playing standards (Division 1 and 4) underwent tmm&ion analysis during match-play
using global positioning system devices. The hgghed running performed was expressed
as absolute speed zones, and relative to the thailplayer’s peak velocity.  Differences in
the physical demands (i.e., distance covered at lowderate, and high-speeds, collisions,
and repeated high-intensity effort activity) betwgsaying divisions and age groups were

analyzed using Cohen'’s effect size (ES) statigli@a6d magnitude-based inferences (18).

Subjects

Ninety male junior rugby league players (mean +&J@ 13.7 = 0.9 yr; playing experience
5.1 £ 2.4 yr; height 164.1 £ 9.2 cm; body mass 5812.8 kg) participated in this study. The
project was first discussed with the Executive Cottem of the rugby league club. The
committee provided their support for the projeat] @ermission to contact individual players
and their parents/legal guardians. A letter wast 4@ players and their parents/legal
guardians, advising them of the project, and ingitthem to attend an information session
about the project. During this sessiparticipants received a clear explanation of tiue\st

including information on the risks and benefits. rittén parental or guardian consent was
obtained prior to participation. All experimentgrocedures were approved by the

Institutional Ethics Committee for Human Investigat
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Subjects were participants in one of six teams adimg in the Brisbane junior rugby league
competition. Players were members of the firsfoorrth division, competing in either the
Under 13 (mean + SD age, 12.6 £ 0.3 yr), 14 (me&D+age, 13.8 + 0.3 yr), or 15 (mean +

SD age, 14.6 £ 0.3 yr) teams of a Brisbane metr@gwoiugby league club (Table 1).

Insert Table 1 About Here

Speed

The running speed of players was evaluated witB en,120 m, and 40 m sprint effort using
dual beam electronic timing gates (Swift Perforneartequipment, New South Wales,
Australia). The timing gates were positioned 1026,m, and 40 m cross wind from a pre-
determined starting point. Players were instrudtedun as quickly as possible along the
40m distance from a standing start. Speed wasurazh$o the nearest 0.01 s with the fastest
value obtained from three trials used as the speex. The calculated speed between the 20
m and 40 m gates was used as a measure of peatityelorhe intraclass correlation
coefficient for test-retest reliability and typicairor of measurement for the 10 m, 20 m, and

40 m sprint tests were 0.95, 0.97, and 0.97, a8f#h11.3%, and 1.2%, respectively.

Match Activity Profiles

Global positioning system (GPS) analysis was cotaegdleluring 18 matches (totalling 270
appearances). Each match was 60 minutes in daré8® minute halves separated by a 5
minute half-time break). Each team consisted of [#8yers (13 on field with 7

replacements). Consistent with the majority ofigunrugby league competitions, an
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unlimited interchange rule was applied. Playeosnfreach division were monitored during 3

competition matches. Up to 15 players wore a GRSduring any given match.

Movement was recorded by a minimaxX GPS unit (Qdtaphnovations, Melbourne,

Australia) sampling at 10 Hz. The GPS signal pedi information on speed, distance,
position, and acceleration. The GPS unit alsoumhetl a tri-axial ‘accelerometer and
gyroscope sampling at 100 Hz, to provide informatam physical collisions and repeated

high-intensity efforts. The unit was worn in a $iwast, on the upper back of the players.

Data were described as both absolute speed zonksslative to the individual player’'s peak
velocity. Data were categorized into (i) movemesgexd bands, corresponding to low (0-3.5
m.s'), moderate (3.6-5.0 m'} and high (> 5.0 mY speeds; (i) collisions; and (iii)
repeated high-intensity effort bouts. A repeatigghiintensity effort bout was defined as 3 or
more high acceleratiorr (2.79 m.%), high speed, or contact efforts with less thars@donds
recovery between efforts (16). Data were alsogmaieed as low (0-25%), moderate (25-
50%), high (50-70%) and very high-speed (>70%)tredato each individuals’ peak velocity
(m.s?, 20-40 m). The minimaxX units have been showrhave acceptable validity and
reliability for estimating longer distances at walk through to striding speeds, and
acceleration and sprint efforts commonly observedeiam sport competition (27). The
minimaxX units have also been shown to offer advalieasurement of tackles and repeated

efforts commonly observed in collision sports (14).

Statistical Analyses
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Differences in the absolute and relative activitgfipes between the different age groups and
playing divisions were compared using a practicapraach based on the real-world
relevance of the results. Differences in the ptalsiemands (i.e., distance covered at low,
moderate, and high-speeds, collisions, and repdaggdintensity effort activity) between
playing divisions and age groups were analyzedgu€iohen’s effect size (ES) statistic (7).
Effect sizes of <0.2, 0.21-0.60, 0.61-1.20, and@1lwvere considered trivial, small, moderate,
and large, respectively (5). Magnitudes of diffexes between groups were classified as a
substantially greater or lesser when there wag%®o likelihood of the effect being equal to
or greater than the smallest worthwhile changemegéd as 0.2 x between-subject standard
deviation (small ES). Effects with less certaintgres classified as trivial and where the
90% CI of the ES crossed the boundaries of ES aAd® 0.2, the effect was reported as

unclear (21).

RESULTS

Speed

A progressive increase in acceleration and peabcitglvalues were found with increases in

playing age, and standard (Table 2).

Insert Table 2 About Here

Match Activity Profiles Expressed as Absolute Speed Zones

The absolute amount of low-speed activity, and meatde high, and very-high speed running
for Under 13, 14, and 15 players is shown in FiglreTrivial differences (ES = -0.16 to

0.20) were found among age groups for low-speddigct Absolute measures of moderate,
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high, and very-high speed running distances inectagth age, with the differences among

groups typically small to moderate (ES = 0.24 &8)in magnitude.

Insert Figure 1 About Here

Match Activity Profiles Expressed Relative to Peak Velocity

Under 13 players performed less relative low-spaaivity than both Under 14 (ES = 0.90)
and Under 15 (ES = 0.50) players (Figure 2). HaweWnder 13 players performed
moderately greater amounts of relative high-speeting than both Under 14 (ES = 0.68)
and Under 15 (ES = 0.61) players, and likely greataounts of relative very-high speed
running than both Under 14 (ES = 0.43) and Under(ES = 0.58) players. Trivial
differences (ES = -0.14 to -0.04) were found amage groups for the relative percentage of
moderate-speed running performed. No meaningfigrénces were found between Under
14 and Under 15 players for the relative proportbriow-speed activity (ES = 0.02), high

(ES =0.09), and very-high speed (ES = 0.21) rumpigrformed.

Insert Figure 2 About Here

Comparison of Division 1 and 4 Players

When comparing Division 1 and 4 players, varialdeponses were observed. Under 13
division 1 players covered greater distance pemuteiof match time (ES = 0.99), including
greater distances at low-speeds (ES = 1.33) thasiah 4 players. Expressed relative to
peak velocity, division 1 players also covered tgedistances in moderate-speed running
(ES = 0.95) than division 4 players. Converselgder 14 division 4 players covered greater
low-speed activity (both expressed relative to maitme and peak velocity; ES = 0.82-1.31),
but less high-speed running per minute of matcle t{g8S = -0.79) than division 1 players.

Under 15 division 4 players performed less highespéES = -1.03) and very high-speed
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running (ES = -1.05) and fewer RHIE bouts per nenat match time (ES = -0.80) than
division 1 players. However, expressed relativeptak velocity, division 4 players

performed more high-speed running (ES = 0.64) thaision 1 players (Table 3).

Insert Table 3 About Here

DISCUSSION

This study investigated the activity profiles ohjor rugby league players competing in three
distinct age groups (Under 13, 14, and 15), anddistinct playing standards (Division 1 and
4). In addition, we reported GPS data using pffierdd absolute speed thresholds, and speed
thresholds expressed relative to a players’ indi@idoeak velocity. Consistent with our
hypothesis, when data were expressed relativediayers’ capacity, younger players, and
those from lower playing divisions, exhibited highglaying intensities and performed
greater amounts of high-intensity activity. . Théselings suggest that individualisation of
velocity bands increases the high-speed runnimidpatitd to slower players and decreases the

high-speed running attributed to faster players.

In general, the amount of moderate, high, and wegli-speed running per minute of match-
play increased with playing age. These findingy tm&a expected given the greater physical
qualities of older players in relation to their yger counterparts (10, 16). However, relative
to peak velocity, the amount of low-speed activiigreased, and the amount of high and very
high-speed running decreased as playing age iredeahese findings demonstrate that
expressing GPS data relative to an individual'sacép results in difference conclusions than

if pre-defined absolute speed thresholds are used.
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When data were expressed as pre-defined absoletd ghiresholds, Division 1 players
performed more high-speed (Under 14 and Under 18l \aery high-speed (Under 15)
running, and a greater frequency of repeated mgmsity effort bouts (Under 15) than
Division 4 players. These findings are in agreemmath other studies from both junior (13)
and senior (11, 12, 24) players, that have foursditgr playing intensity as the standard of
competition increases. Playing division differafiyi affected low-speed activity, with lower
standard Under 13 players performing less low-s@atidity, and lower standard Under 14
players performing more low-speed activity than irthBigher-standard counterparts.
However, when expressed relative to an individuaygr’s peak velocity, differences in
high-speed running distances were only evidentnddyd 15 players, with Division 4 players
performing more high-speed running than Divisiomplayers. Collectively, these results
demonstrate (1) the variability in match activityfiles of junior rugby league players aged
13-15 years, and (2) the differences in relativd absolute match intensities in players of

vastly different standards.

In conclusion, we investigated the activity prddilef junior rugby league players competing
in three distinct age groups (Under 13, 14, and a8 two distinct playing standards
(Division 1 and 4). In addition, we reported GP&adusing pre-defined absolute speed
thresholds, and speed thresholds expressed relatigeplayers’ individual peak velocity.
While older players, and those from higher playilngisions generally had greater absolute
work-rates, when data were expressed relative dividual capacity, younger players, and
those from lower playing divisions, exhibited highglaying intensities and performed
greater amounts of high-intensity activity. Théselings suggest that individualisation of
velocity bands increases the high-speed runnimdpatitd to slower players and decreases the

high-speed running attributed to faster players.

10
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PRACTICAL APPLICATIONS

The present findings have direct application tergjth and conditioning staff and applied
sport scientists involved in the monitoring of teaport athletes. Firstly, our results
demonstrate differences in the amount of high-spesuhing performed when data are
expressed as absolute speed zones or relativediadmal capacity. Consequently, two
individuals could perform the same absolute amafnhigh-speed running, but due to
differences in peak velocities, result in a sigfitly greater relative stress on the individual
with slower peak running speed. Consideration khbe given to both the absolute and
relative demands of competition in order to proviagght into training prescription and the

recovery requirements of individual players.

Secondly, this is the first study to report thehaist profiles of junior rugby league players
competing at different playing standards and agelte With the majority of time-motion
analyses conducted on senior rugby league playbese results provide strength and
conditioning coaches with objective data to infothe programs of junior rugby league
players. The results show the amount of high-spaeding, collisions, and repeated high-
intensity effort bouts in which players engage dgrunior rugby league match-play, which
in turn provides insight into the individual tramgi requirements of players. For example,
players are engaged in collisions, on average e2<&yninutes, and are required to perform a
repeated high-intensity effort bout every 11.8-2%ifutes. High-speed running contributes
between 5.6 and 9.7% of the overall movement demjamith a further 2.0-3.3% of
movement performed at very high speeds. Ensuriageps are prepared to perform these

repeated high-intensity demands of the game isyliteeimprove playing performance (15,

11
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18, 19), and the likelihood of competitive succé3gs promote faster recovery (22), and
reduce injury risk (20). Moreover, our results aestrate greater high-speed running
demands in relatively slower players. Improving gpeed of players is likely to improve

performance, and also reduce the relative straiocisted with competition.

Finally, our findings demonstrate that differentenpretations can be made from GPS data
depending on whether that data is expressed adefireed absolute speed thresholds, or
relative to an individual’'s peak velocity. Thesadings emphasise the importance of
universally accepted, and standardized speed ztme&PS monitoring in team sport
athletes. Our results suggest a need for the odewent of a consensus statement for the use

of GPS tracking technology in team sports.

12
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FIGURE LEGENDS

Figure 1. Absolute amount of low-speed activity, and modetatigh-, and very-high speed

running performed during match-play in Under 13,ddd 15 junior rugby league players.

Data are reported as mean £ SD.

Figure 2. Amount of low-speed activity, and moderate-, hjgiind very-high speed running
performed relative to each player’s individual pe&kocity during match-play in Under 13,

14, and 15 junior rugby league players.

Data are reported as mean £ SD.

17
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Table 1.Physical characteristics of Division 1 and 4 junmiagby league players.

Under 13 Under 14 Under 15
Division1  Division4  Division 1 Division4  Divisin1 Division 4
Age (yr) 128+0.2 123+(01 139+0.2 13.9+0.3 146+03 146+0.3
Playing Experience (yr) 5.4+19 28+%18 59+12 35+23 57+21 73+23
Height (cm) 156.9+59153.0+3.8 1724+49 1648+7.7 171.1+2.7 167.5+8.8
Body Mass (kg) 53.1+11.4 47.1+88 65.0+12.1589+153 653+8.1 60.3+21.9

Data are means = SD. a = moderate effect sizerelifé® between Division 1 and 4; b = large effex siifference between Division 1 and 4.

18
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Table 2. Maximum acceleration and peak velocity of Divisiband 4 junior rugby league players.

Under 13 Under 14 Under 15
Division 1 Division 4 Division 1 Division 4  Divisin 1 Division 4
10 m Sprint (s) 2.20+0.122.27+0.08 2.00+0.12 2.15+0.2% 1.91+0.03 2.09+0.18
Maximum Acceleration (m'.§ 2.08+0.23 1.95+0.07 251+0.27 2.21+0.38 2.75+0.08 2.31+0.29
20 m Sprint (s) 3.79+0.223.90 +0.08 3.40+0.19 3.58+0.18 3.22+0.08 3.58 +0.27
40 m Sprint (s) 6.94+0.447.15+0.18 6.14+0.33 6.50+0.32 575+0.27 6.48+0.59
Peak Velocity (m:8) 6.38+0.48 6.16 +0.16 7.33+0.37 6.88+0.3%7 7.93+0.59 6.98 +0.67

Data are means = SD. a = moderate effect sizerelifé® between Division 1 and 4; b = large effex# slifference between Division 1 and 4.

19
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Table 3. Activity profiles of Division 1 and 4 junior rughigague players.

Under 13 Under 14 Under 15

Division 1  Division 4 Division 1 Division4 Divisiol Division 4
Time (min) 55.4+135 53.9+15.6 49.4+13.8 48.8+15.7 48.3+15.1 51.9+9.3
Activity Profiles (Relative to Playing Time)
Distance (m.mit) 85.5+12.4 754+73 80.7+12.2 825+80 87.7+9.0 835%17.2
Low-Speed Activity (m.mift) 705+7.8 616+5% 61.6+8.0 67.3+58 67.1+6.8 653+115
Moderate-Speed Running (m.ritn 6.9+27 6.0£25 8.1+£25 6.7 2.7 86+29 82+t54
High-Speed Running (m.mi) 1.3+0.9 19+15 28+11 18+314 34+14 1.8+1%
Very High-Speed Running (m.mfh 0.1+£0.2 0.2+0.3 0.2+0.3 0.2+04 05+050.1+0.2
Collisions (no.mit) 04£0.2 0.3£0.1 0.3£0.1 04+£0.2 04+£0.2 .3860.2

Repeated High-Intensity Effort Frequency (min betwbouts) 19.4 + 20.225.5+18.4 14.7+10.9 23.7+19.6 11.8+11.8 23.8+17.5
Activity Profiles (Relative to Peak Velocity)

Low-Speed Activity (0-25%) 33.0+63 305+32 .B333 383+3% 36.2+144 36.7+7.4
Moderate-Speed Running (26-50%) 30.1+7.8 24.06%4267+7.2 27.0+6.3 23.8+10.328.2+10.1
High-Speed Running (51-70%) 9.7+5.3 95+26 5 72129 5631 8.4+583
Very High-Speed Running (>70%) 3.2+1.9 3.3+2426+1.2 2515 20+x1.1 25+1.8

Data are means £ SD. a = moderate effect sizdalpe effect size.

20
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