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Acceleration and deceleration are important given football is an intermittent sport with
constant changes in velocity and direction. It is unclear, however, if the accelerations
and decelerations performed by players differ between competition levels. The aim
of the present study was to compare the acceleration, deceleration, and high-speed
running profiles of players during international and domestic matches and to determine
if differences were apparent across playing positions (defenders, midfielders, and
attackers). GPS data from 21 Australian women’s domestic football league matches over
2 seasons (2016-2018) and 15 Australian women'’s international matches (2017-2018)
were collected and analyzed. Movement pattern data was collected using VX Sport and
GPSports 10Hz GPS receivers. Variables analyzed included: total distance, distance
covered high-speed running (16-20 km-h~1) distance covered sprinting (> 20 km-h—1)
and time spent accelerating and decelerating in four predetermined bands (1-2 m-s—2,
2-3 m-s™2, 3-4 m-s~2, and > 4 m-s—2). Results revealed that players competing in
international matches covered significantly greater total distances, greater high-speed
running distances and greater sprinting distances as well as spending a greater duration
accelerating in band 4 compared to players in domestic competitions (p < 0.05).
Players competing in international matches spent significantly less duration decelerating
in bands 2 and 3, compared to players in domestic competitions. International
defenders and midfielders recorded significantly higher total distances and high-speed
running distance compared to players in domestic matches. Our findings suggest that
preparing players for international-level competition should include progressive exposure
to high-speed running and sprinting distances, as well as high magnitude accelerations.
Furthermore, the higher running speeds experienced by players during international
matches appears to be a result of less time spent decelerating. The optimal deceleration
necessary for specific situations appears important and emphasizes the need for specific
deceleration training. The increased effort of high-intensity activity that is required for
players competing in international matches affects defenders and midfielders to the
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greatest degree. Gradual exposure to the increased running demands for midfielders
and defenders competing in international matches is needed to improve performance
and reduce the potential risk of injury.

Keywords: female athlete, soccer, movement patterns, match demands, GPS

INTRODUCTION

Evidence from time-motion analysis studies demonstrates that
total distance covered during match-play is similar between
international and domestic women’s football matches (Gabbett
and Mulvey, 2008; Andersson et al., 2010; Gabbett et al,
2013). Nonetheless, players competing in international women’s
football matches achieve higher running velocities (Gabbett and
Mulvey, 2008; Andersson et al., 2010; Gabbett et al,, 2013)
and cover greater distances at high-speed running (13%) and
sprinting (14%) intensities compared to players in domestic
competitions (Andersson et al., 2010). International matches also
require players to perform longer-duration sprint efforts with
shorter recovery periods compared to domestic matches (Gabbett
etal., 2013). Since these pioneering time-motion analysis studies
(Gabbett and Mulvey, 2008; Andersson et al,, 2010; Gabbett
et al,, 2013), no investigation has utilized the Global Navigation
Satellite System (GNSS) to compare acceleration and high-speed
running profiles of women’s international and domestic football
matches. Approval for the utilization of GNSS, specifically
Global Positioning System (GPS) technology, within football,
has allowed for a greater number of match files and data to
be collected and analyzed more time-efficiently (Griffin et al,
2020b). Such comparisons between international and domestic
competition levels offer important insights into key differences
that can be used to inform talent identification programs and
training interventions which may ultimately lead to improved
athletic development and performance of female football players.

An important locomotive movement observed during football
match-play that has received increasing attention in the literature
is acceleration (and deceleration). Maximal acceleration and
deceleration are considered “high-intensity” efforts as they
impose the greatest physiological and mechanical loading
demands on players of any running metric (Bloomfield et al.,
2007; Osgnach et al., 2010; Dalen et al., 2016). The metabolic
cost of acceleration is higher compared to running at a constant
velocity, and as the intensity or number of accelerations increase,
so too do the metabolic demands of the movement and
also of the match (Osgnach et al, 2010). Likewise, maximal
decelerations also produce higher mechanical loads (up to 65%
higher) compared to other running metrics such as constant
velocity running, due to the eccentric nature of the muscle
contractions (McHugh et al., 1999; Dalen et al., 2016; Harper
and Kiely, 2018). Accelerations and decelerations contribute
significantly to the total high-intensity running distances and
sprinting distances of women’s football matches and occur
more frequently during a match than any other running metric
(Mara et al.,, 2017a; Ramos et al., 2017; Trewin et al., 2018).
During women’s domestic football competition players have been
reported to perform 420 and 430 acceleration and deceleration

efforts, respectively (Mara et al,, 2017a). Data was collected
using 25Hz Optical Player Tracking and defined acceleration
and deceleration as >2 m-s~2 and <—2 m-s~2, respectively. In
contrast, during international competition, players were reported
to perform ~200 accelerations (Meylan et al, 2017; Ramos
et al., 2017; Trewin et al., 2018) and 170 decelerations (Ramos
et al, 2017), with data collection utilizing 10Hz GPS with
an acceleration criteria including >1 m-s~2, >2.3 m-s2, and
deceleration <—1 m-s~2. Direct comparisons between studies
may be inappropriate due to the methodological differences in
technology used for data collection and criteria to define an
acceleration and deceleration. The methodological differences
outlined may explain the discrepancies observed.

The analysis of accelerations and decelerations is a key
consideration to player load and performance in women’s
football, given the physiological and mechanical loading
and frequency of movements during a match. Comparing
accelerations and decelerations during international and
domestic women’s football matches will determine if a difference
exists and if indeed accelerations and decelerations are a
distinguishing factor between competition levels. A review
of the physical characteristics of female football players has
demonstrated that the ability to accelerate and decelerate as
measured during field-testing are differentiating factors between
international, domestic and sub-elite players (Griffin et al.,
2020a). Whether these differences in physical characteristics
are also evident in player movement patterns during women’s
football matches is unknown, conclusive evidence is yet to exist
regarding the acceleration and deceleration of players during
international and domestic matches. Therefore, the aim of
the present study was to examine acceleration, deceleration
and high-speed running profiles of players during women’s
international and domestic football matches. A secondary aim
was to examine the effect of playing position on acceleration,
deceleration, and high-speed running profiles of players during
international and domestic matches.

METHODS

Subjects

Fifteen female football players (age: 25.7 = 3.1 years, height: 167.5
=+ 7.7 cm, body mass: 61.3 & 6.2kg) from the same club team
in the Australian women’s domestic football league and eighteen
female football players (age: 25.6 £ 3.7 years, height: 166.7 £
8.4 cm, body mass: 59.7 + 6.8kg) from the Australian women’s
national football team participated in the present study. Players
were analyzed based on three playing positions from domestic
(defenders: n = 7, midfielders: n = 5, and attackers: n = 3) and
international matches (defenders: n = 8, midfielders: n = 9, and
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attackers: n = 6). Data for goalkeepers were excluded given the
unique running profile and technical skills of that position.

Data from twenty-one matches (eighty-five individual player
match files) over two seasons (2016-2018) were collected from the
domestic competition. International matches included data from
a total of fifteen games (ninety-seven individual player match
files) that were collected from the 2017 Algarve Cup in Portugal,
the 2017 Tournament of Nations in the United States of America,
the 2018 Asian Cup in Jordan and international “friendlies” in
Australia. Only data where a player completed the full match (i.e.,
90-min) was included in the study. This study was approved by
the Griffith University Human Ethics Committee and Football
Federation Australia.

Procedures

Domestic competition movement data were collected during
match-play using VX Sport technology (VX live log, Visuallex
Sport International, Wellington, New Zealand) whereas
GPSports technology (SPI HPU, GPSports, Canberra, Australia)
was utilized during international competitions. Individual
players positional and time data was collected by attaching
the GPS receivers (VX Sport or GPSports), sampling at 10 Hz,
between the scapulae of each player using manufacturer designed
elastic vests. Both GPS technology used in the present study
have been reported to have acceptable accuracy and both
between- and within-manufacturer reliability for quantifying
movement patterns during team sport (Varley et al, 2012;
Delaney et al, 2018). To ensure that we could confidently
compare data collected from two different manufacturers, we
performed an inter-manufacturer comparison of the raw data
as recommended by Malone et al. (2017). This procedure has
been demonstrated to be a valid method for analyzing data from
different GPS manufacturers (Thornton et al., 2019; Johnston
et al., 2020). The inter-manufacturer comparison comprised of
nine elite team sport athletes simultaneously wearing the two
different GPS receivers during a 30-m sprint testing session with
varying distances of deceleration at the end, determining the
smallest worthwhile change. The smallest worthwhile change
was determined by dividing the standard deviation of all trials
by 0.3 as outlined by Hopkins (2004). The highest variability has
shown to occur within acceleration and deceleration variables,
so the smallest worthwhile change between GPS manufacturers
has been reported for the acceleration and deceleration variables
(Table 1).

Approximately 30 min before the start of the pre-match
warm-up, all receivers were switched on to ensure sufficient time
for connection with satellites. The same receivers were worn
by the same player for each match to reduce the potential of
any inter-unit variability. All players were familiar with the data
collection procedures and had experience with wearing GPS
receivers during training sessions and matches. Data collection
started on the referee’s whistle, to commence each half and only
included the first 45 min of each half. Data for injury time was
excluded so that the match duration was standardized across all
games for both domestic and international matches. After each
match, data from the GPS receivers were downloaded using VX
Sport software (VX View v5.0.3) and GPSports software (Team

AMS, R1_2016_7). To minimize the effect of filtering and data
processing differences that occur between the manufacturer’s
software, the raw data was exported to Microsoft Excel and
analyzed using R programming language (Version 3.6.1, Vienna,
Austria) (Malone et al., 2017; Thornton et al., 2019). Both the
VX Sport and GPSports raw exports were analyzed using the
same lines of R script. During data analysis, four acceleration and
deceleration zones were created, where band 1 was set between
1 and 2 m-s~2, band 2 between 2 and 3 m-s~2, band 3 between
3 and 4 m-s~2, and band 4 above 4 m-s~2 based on previous
research (Akenhead et al., 2013; Curtis et al., 2018; Harper
et al., 2019). The four deceleration zones were identical to their
respective acceleration zones, with the difference being these
values were negative e.g., between —1 and —2 m-s~2. The present
study utilized duration accelerating or decelerating (as opposed
to frequency or distance) as the primary outcome measure for
accelerations and decelerations. It has been demonstrated that the
total cumulative distance covered decelerating may not be a true
representation of deceleration, given that a player is aiming to
cover less distance while decelerating as opposed to more (Harper
and Kiely, 2018; Newans et al., 2019). To be valid, all acceleration
and deceleration efforts required a minimum duration of 0.2s
with only one acceleration or deceleration effort permitted within
a single 1s period. Sprint analysis research has demonstrated
that peak acceleration occurs within the first 0.2 s immediately
after the start of a sprint effort from a static starting position (Di
Prampero etal., 2005). Furthermore, a minimum duration of 0.2 s
has been used in acceleration based research during team-based
sports (Coutts et al., 2015; Buchheit and Simpson, 2017). Analysis
of high-speed running and sprinting data was based on the pre-
defined cut-offs of 16-20 km-h~! and > 20 km-h~!, respectively.
These thresholds are in agreement with previous investigations
of women’s football (Griffin et al., 2020b).

Statistical Analysis

Statistical analysis involved the use of linear mixed models, with
significance set at an alpha level of 0.05. Each GPS metric was set
as the outcome variable, competition level, and playing position
set as a fixed effect, and the player and match were set as random
effects. Linear mixed models were conducted in R programming
language using the Ime4 package, while the afex package was used
to calculate confidence intervals and p-values.

RESULTS

The results of the linear mixed models comparing running
metrics of players during domestic vs. international football
matches are shown in Table 1. Players in international-level
matches covered greater distances for all three locomotive
metrics (i.e., total distance, high-speed running, and sprinting)
compared to players in domestic matches. For accelerations,
players competing in international matches spent less duration
in band 1, 2, and 3, but a greater duration in band
4. For decelerations, players in international matches spent
less duration in bands 2 and 3, compared to players in
domestic matches.
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TABLE 1 | Comparison of player movement patterns between domestic and international women'’s football.

Variable Domestic International SwWC
Total distance (m) 8727.5 + 282.5 9432.5 + 262.9"**

HSR (16-20 km-h=") (m) 608.5 + 68.8 766.4 + 64.0°

Sprinting (> 20 km-h=") (m) 306.3 + 56.3 363.7 + 53.0*

Acceleration Duration (s)

Band 1 (1to 2 m-s~2) 553.9 + 26.3 523.7 + 24.6* 5.6
Band 2 (2 to 3 m-s~?) 187.8 + 14.6 164.3 £ 13.7* 3.5
Band 3 (3to 4 m-s~?) 71.8+5.7 50.5 + 5.3*** 2.3
Band 4 (> 4 m-s~?) 31.6 £3.8 39.4 + 3.5 3.5
Deceleration Duration (s)

Band 1 (—1to —2m-s2) 529.9 + 29.7 544.2 +27.9 6.5
Band 2 (—2to =3 m-s?) 180.9 £ 13.6 162.1 £ 12.7* 3.8
Band 3 (-3 to —4 m-s~?) 736 +5.3 53.8 + 4.9 2.3
Band 4 (< —4 m-s™2) 39.2 +4.0 424 +3.7 3.3

All values are presented as mean + 95% Cl. *p < 0.05, **p < 0.01, ***p < 0.001. HSR, High-speed running;, SWC, Smallest worthwhile change.

The percent difference between competition levels for total
distance, high-speed running, and sprinting across playing
positions are displayed in Figure 1. Players competing in
international matches (defenders and midfielders) recorded
higher total distances and high-speed running distance compared
to players during domestic competitions.

The positional differences in acceleration and deceleration
between competition level are displayed in Figures2, 3
respectively. Defenders performed greater duration accelerating
in band 1 and 2 during domestic matches compared to
international matches. All playing positions during international
matches recorded lower durations in acceleration band 3 and
spent longer durations accelerating in band 4 compared to
domestic matches.

Defenders spent a higher duration in deceleration band 2
during domestic matches compared to international matches.
Duration spent decelerating in band 3 was also lower across all
positions for international matches.

DISCUSSION

To the author’s knowledge, this is the first study to utilize
GPS to make comparisons between international and domestic
competition levels and among playing positions as well as to
analyze all data outside of the manufactures software to allow
for the same analysis and future comparisons to the present
study. The present study demonstrated that during international
women’s football matches, players cover greater distances at
faster speeds compared to players in domestic-level competitions.
Opverall, players competing in international-level matches spent a
greater duration accelerating in band 4, covered greater distances
at high-speed running and sprinting intensities, and covered
greater total distances.

Maximal or near-maximal acceleration is an important
precursor to high-speed running and sprinting during football
matches, particularly given that the majority of sprinting distance
is covered over distances of <10m (Akenhead et al., 2013;

Mara et al, 2017a,b). The present study found that players
competing in international matches spent 25% greater duration
in acceleration band 4 compared to players competing in
domestic competitions. While it could be perceived that an
actual difference of ~8s between players during domestic and
international competition might be of no practical significance
in isolation, put into context of only 30-40 s currently occurring
in the entire match, an increase of 25% is substantial and
likely to physiologically impact a player especially in conjunction
with additional running demands of a match. Furthermore,
the increase between competition levels is for the highest
intensity of accelerations and as highlighted in the literature,
higher magnitude accelerations impose higher mechanical
and physiological load on players (Osgnach et al, 2010,
Dalen et al., 2016).

The increased acceleration capacity of players competing in
international matches is supported through sprint testing, with
players competing in international matches faster over 10 and
20m compared to players in domestic competitions (Gabbett,
2010; Haugen et al., 2012; Griffin et al., 2020a). The faster 10
and 20m sprint times of players competing in international
matches indicate they have a higher acceleration capacity from
a standing start. Further research, is needed to conclusively
determine if players competing in international competitions also
have a greater acceleration ability when performing accelerations
from a “rolling start.” It is clear from our results, that
acceleration ability is a key characteristic of female football
players competing in international matches, and that coaching
and high-performance staff might focus on exposing players to
high acceleration activities.

Deceleration is also a critical component of football and is
most commonly performed by a player before they undertake
a change of direction (COD). Decelerations account for ~15%
of total game duration for players competing in both domestic
and international matches, suggesting substantial cumulative
loads are placed on the lower-body musculoskeletal system
during a match and over a season (McHugh et al, 1999).
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FIGURE 1 | Positional comparison of total distance, high-speed running, and sprinting between players competing in domestic and international women'’s football
matches. HSR, High-speed running (16-20 km-h~"); sprinting (>20 km-h~"); D, Defenders; M, Midfielders; A, Attackers. A negative difference indicated, domestic
was greater than international, a positive difference indicated international was greater than domestic.

With deceleration ability being a critical mediator of load-
related injuries (Harper and Kiely, 2018), it is important that
players are adequately prepared for the demands of competition
(particularly at an international-level) through the appropriate
level of exposure to high deceleration activities before and during
the season. An interesting observation from our results was that
players competing in international matches spent less duration
decelerating in band 2 (12%) and band 3 (32%) compared
to players in domestic competitions. The faster intermittent
running speeds of players during international matches appears
to be a result of less time spent decelerating, which is intuitive
given that a high duration of decelerations would cause
reductions in speed. The ability to decelerate maximally and
come to a stop or reduce velocity faster than your opponent will
always be important in team-sport (Hagerman, 2005), it appears

though that the ability to decelerate specific to the situation is
more important and allows for the preservation of greater speed.

In agreement with previous research (Gabbett and Mulvey,
2008; Andersson et al., 2010), our findings revealed that players
competing in international matches performed greater high-
speed running and sprinting distances compared to players
in domestic competitions. Players competing in international
matches performed 26% more distance at high-speed, which
is consistent with the 28% difference previously reported
for players competing in international matches compared to
players in domestic competitions (Mohr et al, 2008). The
distance covered at high-speed running and sprinting during
international matches presented in the current study was similar
to previously reported distances of 755 m of high-speed running
and 306 m of sprinting (Ramos et al., 2017). We observed that
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FIGURE 2 | Positional comparison of duration spent accelerating at different intensities between players competing in domestic and international women'’s football
matches. Band 1 (1-2 m-s~2), band 2 (2-3 m-s~?), band 3 (3-4 m-s~2), band 4 (>4 m-s~2). D, Defenders; M, Midfielders; A, Attackers. A negative difference
indicated, domestic was greater than international, a positive difference indicated international was greater than domestic.

total distance covered by players was greater during international
matches compared to domestic matches. While previous studies
have reported no differences in total running distance of players
competing in international and domestic women’s football
matches (Gabbett and Mulvey, 2008; Andersson et al., 2010),
a possible explanation may be the differences in technology
utilized, with the present study being the first to use GPS
to quantify the running profiles of players during domestic
and international matches. It is imperative that players are
conditioned for the increased demands of international matches.
This may require players increasing their aerobic capacity
to cope with the higher total distances and increasing their
anaerobic capacity to produce the greater high-speed running
and sprinting distances.

Positional differences and requirements have been
demonstrated to exist in women’s football matches (Griffin et al.,
2020b). Comparisons between playing positions demonstrate
that attacker’s movement patterns, except for the duration
spent accelerating and decelerating in band 4, were similar
or higher during domestic matches. Attackers often perform
more high-speed running and sprinting than other positions
(DeWitt et al., 2018; Griffin et al., 2020b) however, both of
these metrics demonstrate the greatest between-game variability
(CV = 33%, 53%, respectively) (Trewin et al., 2018). Our results
are also consistent with previous literature, where attackers
demonstrated the highest variability between competition levels
for all movement patterns. The results found suggest that with
increased high intensity accelerations (band 4), attackers may
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FIGURE 3 | Positional comparison of duration spent decelerating at different intensities between players competing in domestic and international women’s football
matches. Band 1 (—1to —2 m-s72), band 2 (—2 to —3 m-s~2), band 3 (—3 to —4 m-s~2), band 4 (<—4 m-s~%). D, Defenders; M, Midfielders; A, Attackers. A negative
difference indicated, domestic was greater than international, a positive difference indicated international was greater than domestic.

be more prepared for the transition from domestic matches to
international matches.

The largest differences in playing positions between
competition levels were apparent for defenders and midfielders.
When international matches are compared to domestic
matches, defenders and midfielders are required to perform
more high-speed running, total distance, and greater time
spent accelerating in band 4. The increased speed of players
competing in international matches, therefore, requires greater
movement patterns of defenders and midfielders. Additionally,
defenders were the only position to demonstrated greater
duration accelerating in band 1 and 2 and decelerating in
band 2 during domestic matches compared to international
matches. The lower magnitude of accelerations and decelerations

highlight the reduced intensity of domestic matches compared
to international matches for defenders. The lower intensity
of decelerations for defenders may be a direct result of a lack
of opportunity to decelerate, given the dependent nature of
decelerations on prior velocity and accelerations (Newans et al.,
2019). The increase in intensity observed during international
matches affects defenders and midfielders to the greatest
degree, therefore, it is important if players are to transition to a
higher competition level these playing positions specifically are
capable of and exposed to the increased intensity required for
international matches.

Some inherent limitations warrant acknowledgment in the
current study. The collection of GPS data using two different
manufacturer GPS receivers is an important limitation, however,
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collecting data from a domestic and international team
meant it was not possible to use receivers from the same
manufacturer given each team’s contractual obligations and
preferences. Despite this, we undertook important steps to ensure
standardization of data by implementing measures to minimize
the effects of filtering and processing differences between
manufacturers, as well as performing an inter-manufacturer
comparison to determine the smallest worthwhile change for the
variables of interest. The collection of GPS consisted of a small
number of subjects, limiting the generalizability of the findings.
Despite this limitation, data was based on elite female football
players and given the limited number of female players involved
in elite football and within a team, this was an unavoidable
compromise in order to obtain data applicable to elite female
football players.

PRACTICAL APPLICATIONS

Players competing in international matches should be exposed
to a greater volume of high-speed running, sprinting and high
magnitude (band 4) accelerations during training to prepare
them for the increased demands of an international match. In
the current study, players covered 26% more distance high-speed
running during international matches compared to domestic
matches. This is an important consideration in preparing players
for international matches. Specifically, acceleration ability needs
to focus on producing higher magnitude (band 4) accelerations,
by applying greater force to the ground over a shorter ground
contact time. Given acceleration or prior speed are needed
for deceleration training, it is recommended that speed and
deceleration are trained simultaneously as it may offer the most
time-efficient approach to integrating both of these important
elements into a time-restricted training program.

CONCLUSION

Results from the present study demonstrate that players
competing in international matches perform more explosive,
faster efforts, with greater outputs of high magnitude (band 4)
accelerations, high-speed running, and sprinting. To prepare
players for these increased running demands, players need
to be progressively exposed to high-intensity activities during
training. To maintain the faster speeds that are required
during international matches, it appears that the ability to
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