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Abstract 11 

The aim of this study was to determine the average peak movement and technical demands of 12 

professional Australian football (AF) across a number of period durations using an observational cohort 13 

design. This information will be able to guide duration specific intensities for training drills. 14 

Microtechnology and technical performance data were recorded across 22 games of the 2017 AFL 15 

(Australian Football League) season. The peak 1-, 3-, 5-, 7-, and 10-min rolling periods were determined 16 

from each game for each player for each frequency of skill involvements. Average speed (m.min-1) and 17 

accelerometer load (PlayerLoad™; PL.min-1) were used as measures of physical output and any disposal 18 

of the football or tackle was used as a technical involvement. Linear mixed models and Cohen’s effect 19 

size statistic were used to determine the impact technical involvements had on movement profiles. 20 

There were substantial reductions in average speed across each duration as the number of technical 21 

involvements increased, other than for the 10-min period. The reductions in speed were greatest during 22 

the 1-min period for one (effect size [ES] = -0.59 ± 0.13), two (ES = -1.96 ± 0.17) and three (ES = -23 

2.39 ± 0.27) involvements. Similarly, less pronounced reductions were seen for accelerometer load, 24 

other than during the 7- and 10-min periods where there were small to moderate increases in load for 25 

periods with technical involvements. Players may have to perform as many as 3 technical involvements 26 

a minute whilst covering 150-160 m.min-1. This information provides coaches with the peak speed, 27 

accelerometer load, and technical demands of competition. There are reductions in movement profiles 28 

as the number of technical involvements increases. 29 

  30 

Key Words 31 

Team sport; microtechnology; activity profile; intensity; performance; GNSS 32 

  33 
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Introduction 34 

Australian football (AF) is an intermittent team sport that is characterised by periods of high intensity 35 

activity, such as sprinting, accelerating and high-speed running, interspersed with periods of low 36 

intensity activity such as walking and jogging. The average demands of AFL competition have been 37 

widely researched, with a systematic review showing players cover 12897 ± 1601 m per game, with an 38 

average speed of 129 ± 13 m.min-1, and 27± 13 m.min-1 at high-speeds (13). In addition to the physical 39 

demands of the game, players are required to perform a number of technical actions in order to maintain 40 

or regain possession of the ball to prevent or create goal scoring opportunities. Over the duration of a 41 

game, players perform 0.33-0.42 involvements per minute (5), with nomadic players having more 42 

possessions per minute (0.17 ± 0.06 n.min-1) compared to fixed position players (0.11 ± 0.04 n.min-1) 43 

(10). Whilst this information provides information on the workloads of players during competition, due 44 

to the intermittent nature of AF, the average demands do little to inform training practice as they fail to 45 

quantify the most intense passages of play (22, 23). 46 

 47 

Based on these shortfalls, studies have attempted to quantify the peak periods of the game by 48 

partitioning the game into shorter time periods. One study that used 3-minute rolling periods identified 49 

the peak was greater than the 3-minute match average although they failed to report the precise values 50 

of these periods and how this changed as the period duration increased or decreased (2). As such, 1- to 51 

10-minute periods have been quantified to determine the most intense passages of play across these 52 

durations (8). The peak 1-min period ranged from 199-223 m.min-1 depending on playing position, with 53 

an exponential decrease in intensity to the 10-min period (131-141 m.min-1) which is still above match 54 

average. Another method has also been reported in the literature, where fixed period durations are not 55 

used, rather a change point determines the duration of the period depending on the mean and variance 56 

of the physical and, or skill output (7). Whilst this approach has the strength of not partitioning 57 

continuous time series data, it potentially has less practical application due to the complex analysis 58 

involved. These data clearly demonstrate that there are periods in a game where the movement 59 

intensities are elevated well above average match intensity, which may persist for a number of minutes. 60 
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This information can help practitioners prescribe conditioning drills to reflect the duration specific 61 

worst case demands of competition. 62 

 63 

The technical component of the game appears to be more closely linked to match success than the 64 

physical profiles (18, 20). High calibre players have more disposals per minute than low calibre players 65 

(0.20 ± 0.53 vs. 0.13 ± 0.51 n.min-1; effect size [ES] = 01.09), and also covered less distance per 66 

involvement (ES = 0.69) (16). However, other studies have shown increased physical output is 67 

associated with improved technical performance and match success (9, 10, 17). Specifically, one study 68 

has shown match speed shared a negative association with involvements, but high-speed running has a 69 

positive influence (6). Although the average number of involvements has been documented (16, 19), 70 

little is known about the peak skill demands of competition. One study showed that during the 3-minute 71 

peak running period, players performed an average of only 2 skill actions over the 3 minutes (2). Using 72 

conditional inference trees, the movement demands leading to peak player involvements were 73 

identified, with the analysis showing a weak relationship between physical movements and skilled 74 

performance (6). This would suggest that physical performance does not have a direct impact on 75 

technical involvements, and other factors are at play. Despite this, accelerometer load was not 76 

investigated, nor were the peak intensities of match-play documented. Accelerometer load has been 77 

shown to be strongly correlated to total distance in AF (1), but this is likely not the case during high-78 

intensity work where accelerometer load is sensitive to changes in direction, that would cause 79 

reductions in speed (12). Given the importance of both the technical and physical components of the 80 

game, research that documents the combined peak movement and skill periods across a number of 81 

playing durations is warranted.  82 

 83 

Based on this information, the aim of this study was to determine the peak movement and technical 84 

periods across a number of period durations using rolling averages during professional AF games. Such 85 
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information will provide practitioners with a framework with which they can develop training drills that 86 

reflect the worst case demands of the game, both physically and technically.  87 

 88 

Methods 89 

Experimental Approach to the Problem 90 
To determine the peak physical and technical periods of professional AF competition, microtechnology 91 

data and technical performance data were recorded across 22 games of the 2017 AFL season using an 92 

observational cohort design study. Players were divided into three positional groups, midfielders (n = 93 

12) small defenders and forwards (Smalls: n = 13), or fixed position players (Fixed: n = 11). Due to 94 

their unique position and small sample size (n = 2), rucks were removed from the analysis, resulting in 95 

a total of 450 match files being used for analysis. 96 

 97 

 98 

Subjects 99 
Thirty-eight professional male AF players took part in this study (age = 23.6 ± 4.5 years; mass = 89.7 100 

± 7.5 kg; height = 187.0 ± 17.1 cm). Each player was a contracted player to a single club competing in 101 

the Australian Football League (AFL). All data were collected as part of the standard procedure of the 102 

football club and were de-identified prior to analysis. Ethical approval was provided by the Human 103 

Research Ethics Committee (2017-7N). 104 

 105 

Procedures 106 
To assess the physical demands of competition, players were fitted with a global navigation satellite 107 

system (GNSS) microtechnology device. The devices contained a 10 Hz GNSS chip and a 100 Hz tri-108 

axial accelerometer and gyroscope (Optimeye S5, Catapult Innovations, Melbourne, Australia). Players 109 

were allocated a unit at the start of the season which remained consistent across all matches. Units were 110 

turned on approximately 20 minutes prior to the start of each match warm-up and placed within a 111 

specifically designed pouch on the playing jerseys so that it lay between the scapula at the top of the 112 
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back. After each match, the GNSS files were downloaded to a computer using proprietary software 113 

(Openfield v1.15.0, Catapult Innovations, Melbourne, Australia). Only active playing time was used, 114 

with time on the bench being omitted from the analysis. Each file was then divided into 1-minute periods 115 

with average speed (m.min-1) and accelerometer load (PlayerLoad™; AU.min-1) recorded as the 116 

dependent variables. The microtechnology units utilised in this study have been shown to have 117 

acceptable accuracy for reporting total distances and high-speed distances in team sport players (21).  118 

 119 

To determine the frequency of technical involvements, a timeline of technical skills was imported from 120 

Champion Data into SportsCode 11 (Hudl, Agile Sports Technologies, Iowa). Subsequently the skill 121 

and corresponding timestamp for any free kick, handball, kick or tackle, as outlined previously (13), 122 

were exported in a .csv file. The periods of the GNSS data were captured in real-time, with the 123 

period starting when the umpire commenced the game; providing match-time. For the 124 

SportsCode data, timestamps were provided for each involvement coded which relates to the 125 

time into the video. Following this, the two data sources were synced in Excel. As with the 126 

GNSS files, involvements were grouped into one-minute intervals with the total number of 127 

involvements performed per minute recorded before the technical time series data was matched to the 128 

GNSS time series based on the kick-off time of each match.  129 

 130 

Once the GNSS and SportsCode exports were time matched in excel in one-minute intervals, rolling 1-131 

, 3-, 5-, 7-, and 10-minute periods were calculated for match speed (m.min-1), accelerometer load 132 

(AU.min-1), and involvements (n.min-1). This allowed the peak periods for each involvement frequency 133 

to be determined across each rolling period. For example, each player would have a 1-min period with 134 

0 involvements, they could also record a peak 1-min period for 1, 2, 3 involvements.  135 

 136 
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Statistical Analyses 137 
Data were assessed for normal distribution using a Shapiro-Wilk test to determine whether parametric 138 

testing was appropriate. Subsequently, linear mixed models with fixed effects (technical involvements, 139 

period duration and time) and random effects (player identity and match) included to assess differences 140 

between duration periods and technical involvements by position. Separate models were built for each 141 

duration for match speed, and accelerometer load. The least squares mean test provided pairwise 142 

comparisons that were described using Cohen’s standardised ES and 90% confidence limits (CL), 143 

categorized using the thresholds of; <0.2 trivial, 0.21 – 0.60 small, 0.61 – 1.20 moderate, 1.21 – 2.0 144 

large and >2.0 very large. Differences were considered real if there was a >75% likelihood of the 145 

observed effect exceeding the smallest worthwhile difference (0.20), and are described as; 75-95%, 146 

likely; 95-99.5% very likely and >99.5%, most likely (11). All statistical analysis was performed in 147 

RStudio (Version 1.1.383; Boston, MA, USA). All raw data are reported as means ± SD, while 148 

differences are reported as standardised effect sizes ± 95% confidence limits.  149 

 150 

  151 



8 
 

Results 152 

The average match demands were 124 ± 4 m.min-1 and 12.3 ± 5.2 PL.min-1. In addition, players were 153 

involved in an average of 0.2 ± 0.5 involvements per min over the course of a match. Over all matches 154 

and positions, a total of 10045 peak periods were recorded over all durations and skill involvement 155 

frequencies.  156 

 157 

The mean peak speed (m·min-1) over all periods durations for each absolute number of technical 158 

involvements frequencies in each positional group are shown in Table 1. There was only a substantial 159 

main effect of position across the 1-min period between fixed position players and midfielders and small 160 

position players. As such, Figure 1A demonstrates the effect size difference in average speed compared 161 

to no involvements for all positions for the 3- to 10-min periods. There were small to large reductions 162 

in speed that became progressively larger as the frequency of involvements increased over the 1-min 163 

(ES range = -0.59 to -2.39), 3-min (ES range = -0.10 to -2.32) and 5-min (ES range = 0.21 to -1.80) 164 

periods. Over the 7-min period, there were small increases for 0.1 (ES = 0.38 ± 0.13) and 0.3 (ES = 165 

0.29 ± 0.13) involvements per min, with a gradual trivial to large decline in speed as the frequency of 166 

involvements increased (ES range = -0.02 to -1.45). Over the 10-min period, there are moderate 167 

increases in speed, when players perform 0.1 (ES = 0.63 ± 0.13), 0.2 (ES = 0.72 ± 0.14), and 0.3 (ES = 168 

0.62 ± 0.14) involvements per min. Small increases for 0.4 (ES = 0.46 ± 0.14) and 0.5 (ES = 0.27 ± 169 

0.16) involvements per min, and trivial changes for 0.6 (ES = 0.12 ± 0.19), 0.7 (ES = 0.00 ± 0.27), and 170 

0.8 (ES = -0.10 ± 0.36) involvements per min. 171 

 172 

***TABLE 1 NEAR HERE*** 173 

***FIGURE 1 NEAR HERE*** 174 

 175 



9 
 

The average peak accelerometer load (AU·min-1) over all periods durations for each absolute number 176 

of technical involvements frequencies in each positional group are shown in Table 2. There was a main 177 

effect of technical involvements over each period duration. There were no main effects of position 178 

across any durations other than during the 1-min period, with greater accelerometer load for the 179 

midfielders and small position players compared to fixed. As such, Figure 1B demonstrates the effect 180 

size difference in average accelerometer load compared to no involvements across 3- to 10-min periods 181 

for all positions. Similar to peak average speed, there were progressive reductions in accelerometer load 182 

over the 1- (ES = -0.33 to -1.76), 3- (ES = 0.03 to -1.16), and 5-min (ES = 0.23 to -0.62). However, 183 

over the 7-min period, there were small increases for 0.1 and 0.3 involvements per min (ES = 0.36-184 

0.38), and only trivial reductions for further increases in involvements. For the 10-min period, all 185 

periods where involvements were recorded, there small to moderate (ES = 0.46 to 0.75) increases in 186 

accelerometer load compared to periods with no involvements.  187 

 188 

***TABLE 2 NEAR HERE*** 189 

  190 
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Discussion 191 

The aim of this study was to assess the peak average speed, accelerometer load and skill periods during 192 

professional AF matches over 1, 3, 5, 7, and 10-min durations. This study shows that as the number of 193 

technical involvements increases, there is a decrease in average speed, which is greater across the 194 

shorter periods. However, over longer periods (7- and 10-min), where players have 0.1-0.3 195 

involvements per min, there are increases in average speed. Accelerometer load showed similar, yet 196 

smaller reductions as the number of involvements increased. In fact, over the 10-min period, there were 197 

increases in accelerometer load when players performed technical involvements. The information from 198 

this study provides practitioners with information to employ training drills that are above, below, or at 199 

match speed for both technical and physical aspects of competition.    200 

 201 

This is the first study to document the peak average speed across rolling durations whilst also assessing 202 

the technical involvements within these periods. As the number of involvements increases, there are 203 

reductions in running speed, which are greatest over the 1-min period, highlighted by effect size 204 

differences, and gradually become less pronounced. This is most likely due to the fact that when a player 205 

has no technical involvement, they are either marking a player in defence, or attempting to find space 206 

on the field, which is likely to lead to greater average speed. Whereas, when a player has multiple 207 

involvements, they are likely positioned close to the ball, and therefore the affordance to cover large 208 

distances (and maintain speed) is reduced. Furthermore, when taking a ‘mark’, there may be a stoppage 209 

lasting 0-20 seconds, which also reduces running speed. Previous research has suggested that increases 210 

in high-speed running are linked to more technical involvements (9, 10, 17). Taken together with the 211 

current findings, this would suggest that players are working hard whilst they are not directly involved 212 

in the play to create space or close-down opposing players. Having said this, players need to be able to 213 

execute technical skills on a consistent basis over the course of a game as they appear more closely link 214 

to match outcome compared to physical output (18, 20). This may be explained by the increases in 215 

average speed seen over the 10-min period in particular, when multiple technical involvements 216 
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occurred. During these longer periods, increased average speed may be a result of dominant periods of 217 

possession, where players are engaged in long ball-in-play periods and free-flowing bouts of possession.  218 

 219 

The similar, yet less pronounced reductions in accelerometer load with the increase in technical 220 

involvements is of interest, particularly, the small to moderate increases in load over the 10-min period 221 

for all technical involvements. The accelerometer load variable, PlayerLoad, is heavily influenced by 222 

distance covered, as foot strikes contribute heavily to load accumulated in the vertical (z) axis, and the 223 

overall load achieved (12).  As such due to reductions in speed that accompany increased technical 224 

involvements, accelerometer load will naturally be reduced. However, the reason for smaller reductions 225 

in accelerometer load compared to those for average speed may due to increased load from anterior-226 

posterior and mediolateral axes. Increases in accelerometer load are seen, in the mediolateral plane in 227 

particular, when contact or directional changes are increased (12, 14, 15). As highlighted previously, 228 

when a player is performing a number of technical involvements, it is likely that they are in a confined 229 

space where changes of direction, acceleration, deceleration, and physical contact is increased. Whilst 230 

these increases are not enough to offset the large reductions in speed that contribute to accelerometer 231 

load, they likely offset some of the reductions seen. However, during the 10-min periods, when a player 232 

performs multiple technical involvements they are likely performing large amounts of accelerations and 233 

changes of direction that result in increased load compared to 10-min periods where they have no 234 

involvements and are likely having little impact on the game. Future studies should look to quantify the 235 

acceleration and deceleration demands of matches alongside technical involvements.  236 

 237 

Whilst there was no main effect of position across different periods, the small position players and 238 

midfielders recorded more involvements with the ball over their peak periods in comparison to the fixed 239 

position players. This is to be expected given the nomadic roles of midfielders, small defenders, and 240 

small forwards (10). Despite a higher number of involvements, the influence of involvements on 241 
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average speed and accelerometer load was similar across positions, which is understandable given the 242 

constraints of the game.  243 

 244 

The peak average speed of AFL competition reported in this study was similar to that reported 245 

previously (8), however, no study has reported the peak accelerometer load using the rolling period 246 

method. Match averages reported previously were approximately 15-16 PL.min-1 depending on playing 247 

position (3), which is much lower than the peaks of 22-24 PL.min-1 reported in the current study. Similar 248 

to average speed, there are progressive reductions in accelerometer load as the period duration increases. 249 

Previous work has shown average involvements are in the region of 0.33-0.42 per minute (4), but the 250 

current study shows they can be as high as 3 per minute. Despite the important findings of this research, 251 

it was only conducted from one club that finished towards the bottom of the competition ladder, and 252 

therefore may not be reflective of the whole league. The games were segmented into periods every 600 253 

Hz, rather than every 1 Hz; therefore, the true peaks may be slightly underestimated. Future research 254 

should look to determine how the relationship between running intensity and involvements changes 255 

across a game as well as the impact of current score-line and match outcome. Only the total number 256 

rather than type of involvements, it would be useful to determine whether there is a difference between 257 

the type and outcome of the involvement and running activity.  Additionally, breaking down 258 

accelerometer load into its constituents of vertical, anterior-posterior, and medio-lateral in response to 259 

technical involvements would help in training drill prescription. 260 

 261 

This study shows that as the number of involvements increases, there is a reduction in both peak average 262 

speed and (to a lesser extent) peak accelerometer load; reductions are less pronounced over the longer 263 

periods. Indeed, in the 10-min period, there are increases in average speed (with up to 5 involvements, 264 

0.5 per min) and accelerometer load (for all involvement frequencies). This information can be used to 265 

guide the prescription and monitor the intensity of technical and conditioning drills used in training to 266 

prepare players for the peak demands of competition. Depending on the aim of the session or drill, 267 
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coaches could either overload or underload specific components of the drill (physical, and technical) as 268 

well as incorporating a decision-making component that is associated with team sport match-play. 269 

During and following training, the intensities of each drill can be reviewed to determine whether 270 

changes need to occur to the drill to increase or decrease physical or technical intensities. Future studies 271 

should look at the interaction of contextual factors such as opposition strength, match outcome and stint 272 

duration on the peak demands of match-play for AF players.  273 

 274 

Practical Applications 275 

This information can be used to guide training prescription. Coaches can now design drills that reflect 276 

the most intense passages of play from both a physical and technical standpoint. Increases in technical 277 

involvements will result in a reduction in running speed, as such, using GPS as a measure of 278 

‘performance’ is not good practice. Although running speed may decline with increased involvements, 279 

there may be increases in accelerometer load, particularly in the anteroposterior and mediolateral 280 

planes. A technical drill lasting 5-min that is 100% of match pace should involve 130 m.min-1 and 281 

include 6 or more technical involvements 282 

 283 
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 349 

Figure Legends 350 
Figure 1. Effect size difference of (A) peak average speed and (B) accelerometer load compared to no 351 
technical involvements over 3-, 5-, 7-, and 10-min period duration. The grey area represents a trivial 352 
effect size difference (± 0.20). 353 

  354 
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355 Table 1. Average peak speed (m.min-1) across each period duration and number of technical 
involvements. 
 Midfielders 
Inv. 1-min 3-min 5-min 7-min 10-min 

0 226.4 ± 26.4 176.8 ± 16.2 157.7 ± 15.6 144.3 ± 17.0 126.8 ± 25.8 
1 214.2 ± 23.1 178.0 ± 18.2 161.9 ± 16.8 152.2 ± 16.7 141.6 ± 16.8 
2 168.8 ± 32.8 166.4 ± 18.9 160.4 ± 17.5 153.7 ± 17.7 145.2 ± 16.7 
3 150.7 ± 35.2 150.1 ± 19.3 151.1 ± 14.6 149.6 ± 14.3 145.6 ± 15.1 
4 - 139.8 ± 19.3 143.2 ± 17.9 142.6 ± 17.7 142.5 ± 13.9 
5 - 126.3 ± 19.1 134.3 ± 18.7 137.5 ± 15.9 138.3 ± 15.9 
6 - - 132.7 ± 15.9 130.5 ± 17.5 132.4 ± 13.4 
7 - - - 126.9 ± 9.4 129.4 ± 13.3 
8 - - - - 127.0 ± 9.9 

 Small Positions 
Inv. 1-min 3-min 5-min 7-min 10-min 

0 221.6 ± 18.2 174 ± 14.2 156.4 ± 13.8 146.4 ± 12.9 132.1 ± 19.7 
1 211.4 ± 21.2 172.6 ± 14.8 159.3 ± 13.2 151.4 ± 12.8 143.9 ± 13.3 
2 171.1 ± 33.1 163.5 ± 18.4 155.8 ± 13.5 150.7 ± 11.5 145.6 ± 11.8 
3 149.4 ± 44.1 148.0 ± 18.5 14.07 ± 13.7 144.9 ± 13.3 142.5 ± 11.9 
4 - 144.4 ± 24.3 140.9 ± 17.3 140.8 ± 13.0 138.7 ± 13.7 
5 - 145.1 ± 17.0 143.4 ± 17.9 139.2 ± 15.7 134.5 ± 13.5 
6 - - 128.7 ± 9.3 134.3 ± 14.3 134.0 ± 13.9 
7 - - - 130.6 ± 9.7 132.7 ± 14.3 
8 - - - - 134.5 ± 15.3 

 Fixed Positions 
Inv. 1-min 3-min 5-min 7-min 10-min 

0 214.2 ± 24.1 169.3 ± 12.8 152.7 ± 9.5 144.1 ± 10.8 134.0 ± 12.9 
1 192.2 ± 22.1 163.8 ± 14.5 153.9 ± 12.2 146.6 ± 11 139.4 ± 11 
2 153.6 ± 29.5 145.8 ± 18.2 143.1 ± 14.3 141.1 ± 12.4 137.5 ± 10.7 
3 159.0 ± 35.2 140.2 ± 20.3 138.0 ± 15.3 136.9 ± 12 134.4 ± 12.5 
4 - 130.6 ± 12.1 130.1 ± 13.2 132.9 ± 12.8 131.4 ± 12.6 
5 - - 126.8 ± 0.3 128.1 ± 8.5 128.3 ± 9.2 
6 - - - 124.4 ± 10.7 128.8 ± 5.8 
7 - - - - - 
8 - - - - - 

Inv. = Absolute number of technical involvements in a period, e.g. 5 in 3 min = 1.7 n.min-1; 
Small Positions = small defenders and forwards; Fixed Positions = tall defenders and forwards 
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Table 2. Average peak accelerometer load (AU.min-1) across each period duration and 
number of technical involvements. 
 Midfielders 
Inv. 1-min 3-min 5-min 7-min 10-min 

0 23.8 ± 2.4 18.3 ± 1.9 16.2 ± 1.7 14.7 ± 1.9 12.7 ± 2.6 
1 23.2 ± 2.5 18.7 ± 2.2 16.8 ± 1.9 15.6 ± 1.9 14.4 ± 1.9 
2 18.8 ± 3.9 17.8 ± 2.4 16.8 ± 2.0 16.0 ± 2.0 15.0 ± 1.9 
3 16.9 ± 3.9 16.2 ± 2.8 16.1 ± 2.2 15.7 ± 1.8 15.0 ± 1.7 
4 - 15.3 ± 2.6 15.4 ± 2.3 15.1 ± 2.2 14.8 ± 1.7 
5 - 14.3 ± 2.4 14.6 ± 2.5 14.6 ± 2 14.5 ± 2.1 
6 - - 14.8 ± 2.3 14.2 ± 2.4 14.0 ± 2 
7 - - - 14.4 ± 1.4 14.0 ± 2.1 
8 - - - - 14.2 ± 1.9 

 Small Positions 
Inv. 1-min 3-min 5-min 7-min 10-min 

0 23.8 ± 2.4 18.2 ± 2.2 16.1 ± 2.1 14.9 ± 1.9 13.3 ± 2.4 
1 23.3 ± 2.5 18.4 ± 2.1 16.6 ± 1.9 15.7 ± 1.9 14.7 ± 1.8 
2 19.3 ± 4.3 17.5 ± 2.5 16.4 ± 2.1 15.7 ± 1.8 15.0 ± 1.8 
3 16.9 ± 5.6 16.0 ± 2.3 15.5 ± 2.0 15.2 ± 1.9 14.7 ± 1.8 
4 - 15.5 ± 2.9 15 ± 2.1 14.7 ± 1.7 14.3 ± 1.8 
5 - 16.2 ± 3.2 15.6 ± 2.3 14.8 ± 2.2 14.1 ± 1.8 
6 - - 14.1 ± 1.7 14.3 ± 1.9 14.0 ± 1.9 
7 - - - 14.0 ± 1.7 14.2 ± 2.1 
8 - - - - 14.3 ± 2.5 

 Fixed Positions 
Inv. 1-min 3-min 5-min 7-min 10-min 

0 22.0 ± 2.6 16.6 ± 2 14.8 ± 1.7 13.8 ± 1.7 12.6 ± 1.8 
1 20.2 ± 2.8 16.3 ± 1.9 15.0 ± 1.7 14.2 ± 1.6 13.3 ± 1.6 
2 16.4 ± 3.6 14.4 ± 2.2 13.9 ± 1.7 13.6 ± 1.6 13.2 ± 1.6 
3 17.2 ± 4.2 14.0 ± 2.7 13.6 ± 2.1 13.1 ± 1.8 12.8 ± 1.7 
4 - 13.5 ± 1.6 12.6 ± 1.5 12.7 ± 1.8 12.5 ± 1.7 
5 - - 12.6 ± 1.5 12.6 ± 1.2 12.2 ± 1.5 
6 - - - 11.8 ± 0.4 12.4 ± 0.9 
7 - - - - - 
8 - - - - - 

Inv. = Absolute number of technical involvements in a period, e.g. 5 in 3 min = 1.7 
n.min-1; Small Positions = small defenders and forwards; Fixed Positions = tall defenders 
and forwards 
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