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ABSTRACT

Little is known about change of direction (COD) characteristics in soccer, leaving
practitioners ill-equipped to prepare players for the demands of the sport. This study aimed to
characterise CODs based on density (number of CODs within 10 seconds), locomotor activity
(walk, jog, stride and sprint) and movement direction pre- and post-COD (forwards, sideways
and backwards), relative to playing position. 24 elite male English Premier League (EPL)
academy soccer players (mean + SD; age: 19.0 + 1.9 years, height: 179.9 + 7.0 cm and body
mass: 71.9 + 6.4 kg) were individually filmed during ten competitive matches using digital
video cameras. A total of 7399 CODs were observed. Level of significance was P < 0.05.
There was an average of 84 + 23 multiple COD events per player per game with no
significant difference between position. Six CODs within 10 seconds was the average
maximum density across positions (1.4 £ 1.2), with nine CODs within 10 seconds being the
maximum observed. 94% of multiple COD events were two, three and four CODs within 10
seconds collectively, and were each performed significantly more than all other density
categories (five-nine CODs in 10 seconds) (P<0.001). Jogging and striding pre- and post-
COD were the most common locomotor activities (P < 0.05). CODs were rarely surrounded
by sprinting (1.4 £ 1.4) with <1% of total CODs with a sprint pre- and post) with only
approximately half of CODs (53%) occurring in a forward movement pre- and post-COD.
CODs therefore appear to be performed as multiple events, in multiple directions, at mostly
submaximal locomotor activities, with some positional differences for movement direction
and locomotor activity pre- and post-COD. These data provide valuable guidance for
practitioners for testing, conditioning, and rehabilitating soccer players.

Key words: multiple changes of direction, agility, movement, English Premier League, match

demands.
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INTRODUCTION

Soccer is a team based, intermittent sport, with unpredictable movement patterns (42). These
movement patterns are performed in different directions (forwards, sideways and backwards)
(11,37) at different locomotor activities (walk, jog, running, sprint) (13), with players
alternating between short high-intensity bursts, and longer periods of lower-intensity activity
(5). Players transition between movement directions and intensities through CODs, which
have been defined as a change in the path travelled caused by an identifiable plant of a leg
(3,30,38). They have also been referred to as path changes, turns and swerves
(1,11,17,18,24,30,39). These events have been aligned to important actions in soccer such as
goal scoring (27), evading opposition players to find space to receive a pass and create space
to shoot (8), as well as reacting to sudden opposition movements (6). CODs have an
increased physical cost compared to linear running (2,43), and have been identified as a
mechanism of non-contact injuries (45), highlighting the importance of understanding these
actions for strength and conditioning (S&C) coaches to better inform physical preparation
strategies for soccer. Furthermore, no COD test has been developed specifically for soccer
based on the COD demands of soccer match play (15). Therefore, understanding COD
demands within soccer is of great interest to S&C coaches to better inform conditioning,

rehabilitation, and testing strategies (18).

A time efficient way to identify CODs and examine their characteristics is required by soccer
practitioners working in soccer. Technologies such as camera, radio-tracking, inertial
measurement units (IMUs), and light detection and ranging technology (LiDAR) have been
used to identify CODs (7,17,18,24,26,36). It seems, however, that the choice of approach is

driven by the availability of the technology rather than their ability to identify and assess



62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

CODs. This has led to inconsistent definitions of COD and a range of inclusion/exclusion
criteria (velocity, deceleration and acceleration thresholds, specific angle ranges,
approach/exit linearity etc). Unsurprisingly, this range of methodologies have led to
inconsistent findings on the frequency of CODs (18,30) therefore it is questionable whether
different technological techniques identify the same actions. No agreement has therefore been
established on a reliable technology to accurately measure COD frequencies and COD
characteristics (17). The validity and reliability of detecting CODs for one the most common
technologies used in soccer to measure external load, IMUs, cannot be generalisable to
sporting contexts, and even in standardised laboratory testing, no clear conclusions can be
drawn on their reliability (4). Manual notation analysis isn’t bound by the same technological
limitations and can therefore provide insights representing more of the full quota of CODs
that occur in soccer match play (17). This has been illustrated by manual notation recognising
more instances of CODs than automated systems (34). As well as studies using automated
technologies frequently reporting lower COD frequencies than notational analyses (average
per player across 90 minutes; 81-107 CODs (17) 183 CODs (24), 24 significant turns (18), 12
hard CODs (31) manual notation has also been identified to have good intra-tester (k =0.79—

0.92) (9) and inter-tester (k = 0.56-0.79) (11) reliability.

The energy cost of running with CODs is significantly correlated to COD frequency (22).
Players have been reported to perform approximately 300 CODs (30) and over 700 turns and
swerves per game (11). Increasing the frequency of CODs within a set time period results in
an elevated physiological cost (43). Better understanding the frequency and variation of
CODs across a game, could provide useful information to practitioners to condition and
physically prepare players for periods of high-frequency CODs. Morgan et al., (30) reported

CODs per minute in an observation of elite youth soccer players, where they observed three
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CODs'min™! as an average across a match, and a maximum frequency of five CODs'min’!
within a five-minute period. They also reported the shortest recovery time between CODs to
be 0.4 seconds, suggesting that CODs could occur as multiple, not singular, events. Variables
such as high-speed running have been observed through the interaction between volume and
intensity, termed density (44). Investigating the frequency of CODs within a specified time
period would characterise COD density. This new variable may provide practitioners a
greater insight into COD demands as using CODs per minute across five-minute periods to
guide conditioning, may underestimate peak demands of soccer match play. Better
understanding the frequency and variation of COD densities and COD high-intensity phases
could, therefore, provide useful information in training design and rehabilitation key

performance indicators.

The additional physiological demands of COD have been reported to be dependent upon the
magnitude and duration of accelerations performed post-COD (2). Acceleration post-COD
accounts for >80% of the energy requirement of a COD (21). Soccer players perform 3x more
high accelerations (>2.5ms?) than sprints (12) completing on average approximately 650
accelerations per game (40). Research using automated technologies has shown the majority
of speeds pre-COD in soccer are submaximal (17,18,24). However, with the maximum
number of CODs identified via automated technologies only representing 45% of the number
of CODs identified through notational analysis, practitioners need to use caution when
extrapolating data to represent the full quota of CODs. Understanding locomotion when
CODs occur, for all CODs is required.. Understanding the locomotor activity post-COD as
well as pre-COD will provide more detail for practitioners as to whether the additional cost of
CODs found in laboratory settings are replicated in soccer match play. Furthermore,

providing a combined analysis of pre- and post-COD locomotion will provide practitioners
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with more practical and useable guidelines than an uncoupled approach (pre- or post-COD

only).

Understanding the movement directions (forwards, sideways and backwards) before and after
CODs may also provide a better understanding of the energy requirements of CODs in soccer
match play. A greater oxygen consumption during backwards and sideways running
compared to forward indicates these actions are associated with a higher energy expenditure
(35,46). As far as the authors are aware, movement direction pre- and post-COD has only
been examined in a single player (38), where forwards movements pre- and post-COD
accounted for 53% of total CODs. With differences observed between positions for
movement direction (10), it might be expected that positional differences exist in movement
direction pre- and post-COD. Further evidence is needed to support this suggestion, as solid
conclusions cannot be drawn from a single player case study. Additionally, this study only
included CODs at angles between 45° to 135° and -135° to 135°, moderate to high intensities
pre/post COD (not defined) and only with a straight line of movement pre-COD.
Characterisation of CODs across a larger sample, with less exclusion criteria and with a
consideration of between position movement differences (10,37) is therefore required. Also,
this type of analysis can only be determined by notational analysis, as body orientation

cannot be determined by automated technologies (17).

Coupling the importance of CODs to soccer, and the lack of comprehensive research on COD
characteristics, practitioners are currently left ill-equipped to prescribe conditioning,
rehabilitation, and testing strategies to best represent the demands of soccer match play.

Considering this, the aim of this study was to use notational analysis to characterise CODs in
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elite youth soccer match play by observing COD density, locomotor activity pre- and post-
COD, and movement direction and pre- and post-COD. A secondary aim was to examine the

influence of position on these COD characteristics.

METHODS

Experimental approach to the problem

Hand notational analysis was used as automated systems may currently be unable to provide
a comprehensive COD identification and characterisation process (17,30). This study was
cross-sectional in design as it observed, characterised and analysed COD events at singular
points in time. CODs were defined as ‘a path change caused by an identifiable plant of a leg

that led to the change in path travelled’ (3,30,38).

Subjects

Twenty-four elite youth soccer players (19.0 + 1.9 years, 179.9 £ 7.0 cm and 71.9 + 6.4 kg)
registered to an EPL club were used in the study. Twenty-three had represented their
respective national team at youth level with six players having also represented their senior
national team. The sample of players included five central defenders, five full backs, five
centre midfielders, four wingers, and five centre forwards. Gatekeeper consent was granted
by the football club, and the study was approved by Liverpool John Moores University Ethics

Committee (approval reference number 20/SPS/048).

Procedures
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Individual player footage was filmed across 10 competitive games using digital video
cameras (Canon XM2, Amstelveen, Netherlands) mounted on stationary tripods (Libec,
Arizona, USA) at the half-way line, in the television camera gantry. The video footage was
originally used to investigate COD frequency. A detailed description of the methodology and
its reliability has been previously published (30). All games were competitive games and
occurred in the U18s/U23s Youth League, U18s FA Youth Cup, and the Premier League
International Cup. The average duration of a game was 96.5 + 1.4 min. All players were
injury free before and throughout the matches, remained in the same position and completed
the full match except one centre forward, who was substituted 4.4 minutes prior to the end of

the game having completed 91.4 minutes of game time.

Notational analysis
All video footage was analysed using performance analysis software (Sportscode
Gamebreaker Plus 10.3.36, Sportscode, NSW, Australia) by the main author. There were a

total of 7399 CODs completed by the 24 players.

Change of direction characteristics

Density of change of directions

Density of CODs was defined as the frequency of CODs within a ten second period. This
timeframe was based on repeated sprint sequence (RSS) research of 15, 30, 45 and 60 second
categories. However, as COD duration is shorter than that of a sprint duration (COD deficit
approx. 0.6 seconds, average sprint duration in RSS 2-3 seconds (14,33)) the timeframe was

shortened to better represent COD duration. A COD could not appear in two different coded
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events, prohibiting clusters to overlap in order to prevent overestimating density actions

(Supplementary Material 1).

Locomotor activity pre- and post-change of direction

Players’ locomotor activities were subjectively coded into four different categories pre-COD
(walk, jog, stride, and sprint) and three different categories post-COD (jog, stride and sprint),
based on previous motion category research (41) (Supplementary Material 2a). On the
premise that CODs are used for evasion tactics or to reduce space and limit attacking
movements (32,48) CODs where the players walked immediately post COD were not
included. These individual categories allowed for twelve possible pre- and post-COD

combinations (Supplementary Material 2a).

Movement direction pre- and post-change of direction

The movement direction pre- and post-COD was coded into three different categories,
forwards, sideways and backwards based on previous research and definitions (9,38), which

resulted in nine possible pre- and post-COD combinations (Supplementary Material 2b).

Intra-observer reliability

The intra-observer reliability of locomotor activity pre- and post-COD, movement direction
pre- and post-COD and COD density were completed by observing one half of a game on two
separate occasions. This encompassed a total of 132 CODs. The level of agreement between
the first and second observations was calculated using Cohen’s kappa statistics (28). Kappa

coefficients for intra-observer reliability were reported to have moderate to strong levels of
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agreement (k = 0.720 — 0.839) (Supplementary Material 3) (28). All data are expressed as

mean £ SD.

Statistical analyses

All statistical analyses were completed using statistical software (Jamovi v. 1.2.20.0).
Dependent variables included movement direction, locomotor activity and COD density.
Independent variables were pre- & post-COD and position. All data were checked for
normality using the Shapiro-Wilk normality test (P>0.05) (29) where 10 variables were not-
normally distributed (Supplementary Material 4). For normally distributed data, a one-way
analysis of variance (ANOVA) with repeated measures was used with Tukey’s post-hoc tests
when relevant to identify any localised effects. For not-normally distributed variables, a
Friedman test was used with a Durbin-Conover pairwise comparison to identify localised
pairwise effects. The maximum sample size across two youth teams to be used in this
analysis would be a product of 10 outfield players per team, per game, minus substitutions,
onset of injuries, and in-game positional changes. Based on the available time and the nature
of video recordings, a sample size of 24 is almost measuring the entire population available at
that soccer club for those age groups and the stipulations for this analysis (25). We therefore
did not perform a priori power analysis. A sensitivity analysis was performed using G*Power
version 3.1.9.6 to determine effect size. The input parameters for the power analysis were as
follows: (a): a 2-tailed hypothesis (b) An alpha level of 0.05 (¢) a power (1-8 err prob) of 0.9

and a total sample size of 24. This resulted in an effect size of 0.69 and a critical ¢ of 2.07.

RESULTS

Change of direction density
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There were on average 84 + 23 instances of multiple CODs per game, encompassing a total
of approximately 234 CODs, equating to 77% of all CODs. CODs within 10 second periods
varied from two CODs to nine CODs (table 1). Full backs were the only position to register
nine CODs within 10 seconds. Centre backs and centre midfield players registered seven
CODs, and wingers and centre forwards registered six CODs as their maxima. All twenty-
four players performed two, three and four CODs within a 10 second period significantly
more than five, six, seven, eight and nine CODs within a 10 second period (P<0.001). There
was no significant difference between positions for COD density. All significant differences

between number of CODs within 10 seconds were above the critical 7 of 2.07.

INSERT TABLE ONE ABOUT HERE

Locomotor activity pre- and post-change of direction

Jog pre-COD + jog post-COD, and stride pre-COD + stride post-COD were the most
common locomotor combinations and were performed significantly more than all other
locomotor combinations except each other (P<0.05) (table 2). Five categories were
performed on four occasions or less throughout a game and all included either a sprint pre-
COD or a sprint post-COD. On average, only 1 COD was performed at a maximal level
(sprint) before and after. Full backs performed significantly more walk pre-COD + jog post-
COD than centre midfielders, wingers, and centre forwards (P<0.05). Centre forwards
performed significantly more sprint pre-COD + sprint post-COD than centre backs (P<0.05).

All significant differences were above the critical ¢ value of 2.07.
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INSERT TABLE TWO ABOUT HERE

Movement direction pre- and post-change of direction

Forwards pre-COD and post-COD occurred significantly more often than all other motion
type combinations (P<0.05) (table 3) equating to 52.6% of all CODs. Forwards pre-COD and
sideways post-COD was the second most performed combination (12.8% of all CODs).
Sideways pre-COD + forwards post-COD made up 9.4% of all CODs. Together, these three
combinations combined equal 74.8% of all CODs. Centre backs and full backs performed
significantly more forwards pre-COD + backwards post-COD than wingers, as well as
significantly more backward pre-COD + forward post-COD than centre midfielders and
wingers (P<0.05). Full backs performed significantly more backwards pre-COD and
backwards post-COD than centre backs and centre forwards (P<0.05). Full backs performed
significantly more backward pre-COD and sideways post-COD than wingers and centre
forwards (P<0.05). Grouping centre back and full back positions together as “defenders”, this
group performed significantly more backward pre-COD + forward post-COD than all other
groups (P<0.05). This group also performed significantly more forward pre-COD +
backward post-COD than centre midfielders and wingers (P<0.05). All significant

differences were above the critical ¢ value of 2.07.

INSERT TABLE THREE ABOUT HERE

DISCUSSION
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The aim of this study was to characterise CODs in elite youth soccer match play by
examining COD density, locomotion pre- and post-COD, and movement direction pre- and
post-COD, accounting for the influence of playing position. The major findings of this study
are that players performed on average 84 & 23 multiple COD events within a ten second
period during a match. The vast majority of these events were two, three and four CODs
within a 10 second period with the most demanding period requiring nine CODs within 10
seconds. Jogging or striding occurred before and after the majority of CODs, with on average
only one COD per game being preceded and followed by a sprint. Only 53% of CODs had a
combined forwards motion before and after. This study provides unique insights for soccer
practitioners into the demands and characteristics of CODs in elite youth soccer players
which can be used to guide and inform conditioning, physical preparation, COD test

selection, as well as return to play protocols.

We believe this is the first attempt to quantify CODs as multiple COD events within soccer
match play. Previous research has observed an average of 305 CODs in elite youth soccer
match play, interspersed with (on average) 19 seconds of recovery (30). The current study
provides further detail on specific match demands identifying players perform an average of
84 multiple COD events, encompassing a total of approximately 234 CODs, equating to 77%
of all CODs during a game. These data suggest that CODs are more regularly performed as
multiple events (defined as being within 10 seconds) than as singular events. Of the 84
instances of multiple CODs, two, three and four COD'10s™! events occurred significantly
more than all other multiple classes and combined, represented a total of 94% of all multiple
CODs. A lack of significant difference between positions for COD density suggests that
multiple CODs match demands could perhaps be independent of tactical demands and/or

pitch location and geography. Previous research has shown no significant decline in the
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frequency of CODs after peak five and 15-minute periods, suggesting no temporary fatigue
effect (30). With a higher frequency of CODs within a set period of time being shown in
controlled studies to be more physiologically demanding (43), future research is required to
understand the effects of multiple COD events on fatigue during soccer match play.
Investigating these high-intensity phases may provide important information to practitioners
wanting to optimally prepare players with the necessary training stimuli to execute the acute
within-match demands (16). From a return to play perspective, this data shows that on
average there will be at least one multiple COD event including six CODs within 10 seconds
per game, providing a potentially important criterion to achieve as a key performance

indicator during rehabilitation or performance testing.

This is the first study to observe the locomotor activity pre- and post-COD combined. This
study supports the conclusions from automated technology studies that CODs in soccer
mostly occur at submaximal speeds and locomotion. Kai et al., (24) and Deutsch et al., (17)
have reported mean entry-velocities for CODs of 1.36m's™ and 2.9m's™!, respectively and
Dos’Santos et al., (18) reported approximately 90% of 24 ‘significant turns’ occurred
<5.5m's! in the EPL. This study found the vast majority of CODs occurred without a sprint
either before or after the COD. Only one COD on average occurred with a sprint pre- and
post-COD, equating to only 0.5% of all CODs, agreeing with previous research (0.8% of
significant turns occurring >7m's! (18), 1.9% of CODs occurring >7m's™! (17). These
findings would suggest that COD performance in soccer is determined by other variables than
speed. Positionally, full backs in this study performed significantly more CODs in the slowest
category of locomotion (walk pre-COD + jog post-COD) compared to centre midfield
players. This is in contradiction to previous research where central midfield players have

been found to perform significantly more CODs <3.0m's™!, compared to all other positions
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(17,18). These differences are likely due to the different methodology, definition and
inclusion/exclusion criteria and the volume of mean CODs observed per player across a
game. Players completing the majority of CODs by either jogging or striding pre- and post-
COD are also in support of previous data that illustrates soccer players cover the majority of
match play distance at jogging intensities (7.2-14.3km'h™) (12). Centre forwards completing
the most sprints either pre- or post-COD may be as a consequence of their defensive
requirements out of possession (closing opponents down quickly) as COD sprints seldom

precede goal scoring events (19).

Players entered and exited approximately half of all CODs (53%) in a forwards direction,
which supports previous single-player case study findings (38). Centre midfielders were
observed to complete the most of these movement combinations around a COD, in line with
previous data suggesting midfielders performed the most movements in a forwards direction
(10). The other main combinations were forwards pre-COD and sideways post-COD, and
sideways pre-COD and forward post-COD. These three combinations represented a total of
75% of all CODs during match play, again supporting previous findings (38). These data
would suggest that at best, COD tests utilising only forwards movements (e.g. 505, Illinois,
Arrowhead etc) would represent approximately only half of the CODs performed during
match play. This is particularly the case with centre backs who had the lowest forward pre-
and post-COD combination (42%). When combined, centre backs and full backs completed
more CODs either starting or finishing with a backwards motion compared with all other
positions. This is in agreement with previous research identifying defenders (centre backs and

full backs) move backwards more than other positions (10).
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These data question whether using time as the criterion to evaluate COD performance is
applicable for soccer players due to such a low relative number of CODs that include a sprint
or maximal effort. Perhaps other variables such as perceptual and decision-making factors
play a larger importance in determining multi-directional movement performance. This is
supported by research outside of soccer illustrating perceptual and decision-making factors
distinguish higher skilled athletes where speed-based COD tests do not (20,47). As
previously stated, COD tests that only include forwards movements, may lack ecological

validity to represent all CODs in soccer.

There are a number of limitations to this study. A sample size of 24 observed players in 10
matches could have played a meaningful role in the lack of ability to establish significant
differences between positions for densities of CODs. The density identification technique
used in the present study prevented a COD from being included in more than one density
cluster. This prevented a COD being registered more than once and therefore prevented
incorrectly quantifying the number of CODs and therefore overestimating potential densities
(Supplementary Material 1). This simplified ‘ring-fencing’ technique allowed for a novel first
attempt at broadening our knowledge of CODs as multiple events, but it may not truly reflect
the complexities of multiple combinations of CODs. Finally, only intra-observer reliability
was conducted within the methodology. Further reliability testing would need to be

performed to be able to compare findings between different observers.

More research is required to comprehensively understand the technical requirements for
COD:s in soccer match play. According to our results, these technical requirements should

concentrate on the biomechanical positions to enhance the ability to transition between
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different movement directions whilst changing direction. Additionally, although the vast
minority of CODs were preceded by or followed by a sprint, the context of those actions is
unknown. Frequency of an event and the importance of an event are not synonymous. Just
because an action is less frequent does not mean it is less important. Likewise, because an
action is performed frequently does not mean it will influence the outcome of the match.
Future research should look to contextualise the COD efforts to understand which actions are

the most important in order to train and test players for the key moments of the game (23).

The current study used notation analysis to observe the characteristics of CODs in elite youth
soccer match play. This allowed for more than twice the number of CODs per game to be
observed compared to studies using automated technologies. CODs were considered as
multiple events, where CODs occurred more frequently as multiple than singular actions,
irrespective of playing position. The peak demand of multiple CODs observed was nine
CODs within a 10 second period, with on average at least one event of six CODs per 10
seconds occurring per game. Of the 7399 CODs observed, almost all CODs occurred with
submaximal locomotion pre- and post-COD, and in half of occurrences, CODs acted as a
transitional action between different directions of movement. Together, these results provide

novel insights into the characteristics and demands of CODs during soccer match play.

PRACTICAL APPLICATIONS

This study was designed in the recognition that training, rehabilitation, and testing processes
need to represent soccer match play in order for their use by S&C coaches to be valid. S&C
coaches designing conditioning practices incorporating CODs can now be better informed as

to the number/rate of CODs required to ensure the stimulus provided is appropriate. S&C



395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

17

coaches should look to use two, three and four CODs within 10 second periods when
implementing multi-directional conditioning practices, as combined, these represent 94% of
multiple CODs. Furthermore, approximately only half of these should be forwards only,
concentrating on sideways movements pre/post-COD and include backwards movements
pre/post-COD for defenders. Ensuring lower body strength and power exercises are not
exclusively in the sagittal plane, are also recommended to physically prepare soccer players
for COD demands of match play. When working with players returning from injury,
practitioners should look to progress COD density as a criterion prior to returning to match
play. As one six COD'10s™! event will occur on average per game, progressing the
rehabilitation to this density would aid in preparing players for the COD demands of soccer.
Lastly, as a low number of CODs require sprinting, practitioners are recommended to not
solely evaluate COD ability for soccer through COD speed-based testing. COD speed tests
were not designed for soccer, or through observational analyses of CODs in soccer. The
results of this study, and previous research, would question the validity of sprinting based
singular CODs tests, that are greater than 90°, and use only forward-based movements, to

represent the majority of CODs that occur in soccer match play.
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544  Table 1. COD density across a full match performed by players of different positions. Data are means
545 £SD.
Number of Centre Centre
All Full Back Winger Centre Forward
CODs within Back Midfield
(n=24) (n=5) (n=4) (n=5)
10secs (n=5) (n=5)
2 CODs 42.8+8 gbedefeh 41.6£7.3 44.4+8.9 44.8£5.6 37.0+£5.9 44.8+14.4
3 CODs 23.8+6,3acdefzh 23.4£5.0 30.0+5.6 24.6+4.7 20.8+8.8 19.8+3.4
4 CODs 12.1+£3.63bdefeh 11.0+4.3 11.243.1 14.0+£3.7 10.3£2.8 13.6+3.8
5 CODs 3.7+2.43bcfgh 2.6+2.1 4.0+1.4 4.2+1.9 2.5+3.1 5.0+£3.2
6 CODs 1.4+1.2%b¢ 1.0+£1.0 2.4+1.1 1.6+1.1 0.3+0.5 1.4+1.5
7 CODs 0.3+0.6%b¢ 1.0+£0.7 0.2+0.4 0.4+0.5 0.0£0.0 0.0+0.0
8 CODs 0.00.02bed 0.0£0.0 0.0+£0.0 0.0£0.0 0.0£0.0 0.0£0.0
9 CODs 0.0+0.22bcd 0.0+0.0 0.2+0.4 0.0+0.0 0.0+0.0 0.0+£0.0
546
547  Significant differences * 2CODS, ® 3CODs, © 4 CODs, ¢ 5CODs, ¢ 6CODs, f 7CODs, ¢ 8CODs, !
548  9CODs (P<0.05). Bold format indicates a z-value greater than the critical ¢ of 2.07.

549



550  Table 2. Frequency of CODs in relation to before and after locomotion activity by player position. Data are means + SD.
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Centre Centre
All Centre Back Full Back Winger
Locomotion Activity Pre/Post Comb Midfield Forward
(n=24) (n=5) (n=5) (n=4)
(n=5) N=5)
Walk Pre-COD + Jog Post-COD 43.1£10,]3bedighijkl 47.444.5 55.4+8.2°P1 37.8£7.4" 35.0+4.3" 38.249.1"
Walk Pre-COD + Stride Post-COD 19.3+7.9acdemijkl 22.8+8.5 19.4+8.1 14.0+4.5 20.3+7.1 20.0£10.5
Walk Pre-COD + Sprint Post-COD 1.140.9abdegh 1.6£0.5 1.0£1.0 1.0£1.0 0.5+1.0 1.4+0.5
Jog Pre-COD + Jog Post-COD 88.0+28, ] 2beefgiikl 86.6+38.3 96.2+27.1 104.0+30.9 68.0+20.2 81.0+14.1
Jog Pre-COD + Stride Post-COD 44,7411 ,8bedfehiikl 45.0+12.6 44.6+6.9 50.4+10.9 41.3+13.1 41.6+16.7
Jog Pre-COD + Sprint Post-COD 2.1+1.6bdegh 1.8+1.8 3.0£1.6 2.2+1.6 0.3+£0.5 2.8+1.3
Stride Pre-COD + Jog Post-COD 26.0+7 (acdemijkl 24.843.1 25.4+7.2 31.447.6 19.3+6.2 27.6+6.7
Stride Pre-COD + Stride Post-COD 76.5+£34. 63beefgiikl 64.0+29.8 86.0+56.6 87.0+£31.3 62.0+£30.5 80.8+20.7
Stride Pre-COD + Sprint Post-COD 3.842 73bdegh 2.6x1.1 5.8+¢3.8 4.0£1.6 1.3+1.5 4.842.9
Sprint Pre-COD + Jog Post-COD 0.3+0.53bdegh 0.2+0.4 0.2+0.4 0.4+0.9 0.0+0.0 0.4+0.5
2.2+2 23bdegh 1.6£2.1 2.2+1.9 2.6+£2.7 0.5+0.6 3.6+£2.7

Sprint Pre-COD + Stride Post-COD
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Sprint Pre-COD + Sprint Post-COD 1.4:£]1 .4abdegh 0.6:+£0.99 1.0+0.7 1.0+1.2 1.5+1.7 3.0+£1.4™

551

552

553

554

555

Significant differences ® walk+jog, ® walk+stride, © walk-+sprint, ¢ jog+jog, ¢ jog+stride,  jog+sprint, & stride+jog, " stride+stride, ! stride+sprint,  sprint+jog, ¥

sprint+stride, ! sprint+sprint, ™ CB, "FB, ° CM, » WING, ¢ CF. Bold format indicates a #-value greater than the critical ¢ of 2.07.



556  Table 3. Frequency of CODs in relation to before and after movement direction by player position. Data are means = SD.
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Centre Centre
All Centre Back Full Back Winger
Motion Type Pre/Post Comb Midfield Forward
(n=24) (n=5) (n=5) (n=4)
(n=5) (n=5)
Forwards Pre COD + Forwards Post COD 161,137 2bcdefghi 133.4+26.1 158.4+28.4 193.2+34.4 138.3£38.1 177.6£33.0
Forwards Pre COD + Backwards Post COD 21.9412.pacethi 33.0+21.4™ 29.6+13.1™ 15.4£18.6 10.5+7.93k 18.8+8.1
Forwards Pre COD + Sideways Post COD 40.1£15 28bethi 42.4+14.3 44.2+8.8 46.8+8.0 30.0+2.7 35.2+7.4
Sideways Pre COD + Forwards Post COD 28.6:10.28¢Mi 26.8+7.3 33.4+12.3 26.2+7.0 29.3+6.2 27.4+2.7
Sideways Pre COD + Backwards Post COD 4343, ] 2bcfeh 7.6+2.0 5.0+8.2 3+4.7 2.3+4.2 3.2+6.3
Sideways Pre COD + Sideways Post COD 10.644, ] beefgh 8.8+1.9 10.843.3 11.6+3.8 11.3£7.9 10.843.5
Backwards Pre COD + Forwards Post COD 27.3+10.8a¢fMi 37.6+14.9'™ 34.848.3!m 19.6+4.63 18.3+10.0ik 24.2+12.6
Backwards Pre COD + Backwards Post COD 1.041.63beds 0.4+0.5" 3.042.4in 0.6+0.9 0.5+1.0 0.2+0.4%
Backwards Pre COD + Sideways Post COD 11.847.(abedefs 10.2+4.6 20.6+£1.2™m" 10.4+2.4 9.3+1.5% 8.0£1.9%




557

558

559

560

561

Significant differences * Forwards Pre-COD + Forwards Post COD, ® Forwards Pre-COD + Sideways Post-COD, ¢ Forwards Pre-COD + Backwards post
COD, ¢ Sideways Pre COD + Forwards Post COD, ¢ Sideways Pre COD + Sideways Post COD, f Sideways Pre COD + Backwards Post COD, & Backwards
Pre COD + Forwards Post COD, ' Backwards Pre COD + Sideways Post COD, | Backwards Pre COD + Backwards Post COD, ! CB, *FB, ' CM, ™ WING, "

CF (P<0.05).
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Supplementary Material 1

Density of CODs

L e e L E e N B |
00:11:00.00 00:11:10.00 00:11:20.00 00:11:3(

[30 | [31 3233

_________________________________________________

Diagram of approximately 30 seconds of coding from actual soccer match play with six CODs (No.
28-33) illustrating grouping COD Densities without overlap. This method produces two clusters.
CODs 28 & 29 are a cluster of two CODs (highlighted in green) and CODS 30-33 are a cluster of four

CODs (highlighted in red).

Supplementary Material 2a

Locomotor activity pre- and post-COD

Players’ locomotor activities were subjectively coded into four different categories pre-COD (walk,
jog, stride and sprint) and three different categories post-COD (jog, stride and sprint), based on

previous motion category research (38):

1. Walk: motion, but with both feet in contact with the ground at the same time at some
point during the gait cycle

2. Jog: motion with an airborne phase, but with low knee lift

3. Stride: vigorous motion with airborne phase, higher knee lift than jogging (included
skirmishing movements of rapid changes of motion, forwards/sideways/backwards)

4. Sprint: maximal effort with a greater extension of the lower leg during forward swing

and a higher heel lift relative to a stride
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These individual categories allowed for twelve possible pre- and post-COD combinations Walk Pre-

COD + Jog Post-COD

8.

9.

Walk Pre-COD + Stride Post-COD
Walk Pre-COD + Sprint Post-COD
Jog Pre-COD + Jog Post-COD

Jog Pre-COD + Stride Post-COD
Jog Pre-COD + Sprint Post-COD
Stride Pre-COD + Jog Post-COD
Stride Pre-COD + Stride Post-COD
Stride Pre-COD + Sprint Post-COD

Sprint Pre-COD + Jog Post-COD

10. Sprint Pre-COD + Stride Post-COD

11. Sprint Pre-COD + Sprint Post-COD

Supplementary Material 2b

Movement Direction pre- and post-COD

The movement direction pre and post COD was coded into three different categories, based on

previous research and definitions (9, 35):

1.
2. Sideways: Lateral movement in the frontal plane
3. Backwards: Moving backward in the sagittal plane, hips facing forward.

This then provided nine possible pre- and post-COD combinations as below:

1.

Forwards: Moving forward in the sagittal plane, hips facing forward

Forwards Pre-COD + Forwards Post-COD



2. Forwards Pre-COD + Sideways Post-COD
3. Forwards Pre-COD + Backwards Post-COD
4. Sideways Pre-COD + Forwards Post-COD
5. Sideways Pre-COD + Sideways Post-COD
6. Sideways Pre-COD + Backwards Post-COD
7. Backwards Pre-COD + Forwards Post-COD
8. Backwards Pre-COD + Sideways Post-COD

9. Backwards Pre-COD + Backwards Post-COD

Supplementary Material 3

Ranked results of Kappa-coefficient intra-observer reliability test-retest.
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Variable k
Movement direction pre-COD & post-COD collectively (For>For, For>Side, For>Back, 0.839
Side>For, Side>Side, Side>Back, Back>For, Back>Side, Back>Back) .
Movement direction pre-COD (forwards, sideways, backwards) 0.829
Movement direction post-COD (forwards, sideways, backwards) 0.828
Intensity pre-COD (Walk, Jog, Stride, Sprint) 0.790
Intensity pre-COD & post-COD collectively (Walk>Jog, Walk>Stride, Walk>Sprint, Jog>Jog,
Jog>Stride, Jog>Sprint, Stride>Jog, Stride>Stride, Stride>Sprint, Sprint>Jog, Sprint>Stride, 0.724
Sprint>Sprint)
Velocity post-COD (Jog, Stride, Sprint) 0.720

Supplementary Material 4

Not normally distributed variables as determined by Shaprio-Wilk test. All data are p values.
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Shapiro-Wilk test

Variables
(p-value)

Forwards pre-COD + Backwards post-COD 0.038
Backwards pre-COD + Backwards post-COD <.001
Backwards pre-COD + Sideways post-COD 0.05
Sideways pre-COD + Backwards post-COD 0.002
Sideways pre-COD + Sideways post-COD 0.037
Walk pre-COD + Sprint post-COD <.001
Jog pre-COD + Sprint post-COD 0.016
Sprint pre-COD + Jog post-COD <.001
Sprint pre-COD + Stride post-COD 0.003
Sprint pre-COD + Sprint post-COD 0.006




