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Relationships between Sprint, Acceleration, and Deceleration
Metrics with Training Load
in Division I Collegiate Women’s Soccer Players
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Player load is a variable derived from GPS technology that quantifies external load demands. Sprints and
change-of-direction movements are high-intensity activities that place stress on the body. Research is needed to
determine which sprint metrics may relate to and predict player load during practice sessions in collegiate women’s
soccer players, as coaches could manipulate the most impactful variables. This study analyzed which sprint metrics
related to GPS player load in women’s soccer players from one Division I team. Data from 19 practice sessions for 18
field players were analyzed. Players wore GPS sensors during all training sessions, and the variables assessed were
player load, sprint count, sprint volume, sprint distance, average top speed, maximum top speed, and the number of
accelerations and decelerations in different speed zones (+1, +2, +3, +4, +5 m/s?). Pearson’s correlations (p < 0.05)
analyzed relationships between the sprint variables and player load. Stepwise regression analyses (p < 0.05) determined
if any metrics predicted player load. The results indicated significant relationships between player load and sprint
count, maximum top speed, sprint distance, sprint volume, number of decelerations at -1, -2, and -3 m/s?, and
accelerations at 1, 2, and 5 m/s? (r = 0.512-0.861, p < 0.025). Sprint distance and decelerations at 1 m/s? predicted
player load (p = 0.001, r? = 0.867). Maximal sprinting and decelerations and accelerations at different speeds were
significant contributors to player load in collegiate women’s soccer players. Sprint distance, decelerations, and
accelerations could be targeted in training drills via dimension and movement manipulation to adjust training
intensity for collegiate women’s soccer players.
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Introduction

Soccer is an aerobically taxing, physically
demanding intermittent team sport involving
physical contact and different dynamic tasks that
are performed at varying intensities (Stolen et al.,
2005). In the USA, the National Collegiate Athletic
Association (NCAA) Fall competitive soccer
season consists of 16 weeks of competition, with a
maximum of 20 matches during the 12-week in-
season conference period (NCAA, 2020). This
results in about two games per week with 48
hours between games for players competing at
this level (McLean et al., 2012). Within a collegiate
soccer match, athletes could cover distances of
approximately 8-10 kilometers (km) with 70-190

efforts (or 16-17%) performed at higher speeds
(>15 km/h) (McFadden et al.,, 2020). Nearly 250
short-duration anaerobic actions are completed as
a result of field dimensions (105.2-109.7 meters
[m] x 64.0-68.6 m) and the nature of the game,
with the average number of efforts depending on
the playing position (i.e., forward, midfielder, or
defender) (Bangsbo et al., 2006; Radziminski et al.,
2021; Stelen et al., 2005). In addition to low-
intensity aerobic movements, high-intensity
anaerobic actions in soccer include jumping,
kicking, tackling, agility, and sprinting. These
variables relate to match performance; however, it
is also important to recognize how they affect
training performance.
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To infer external workload demands of
soccer players, sport scientists commonly utilize
global positioning system (GPS) technology. GPS
devices are widely used portable monitoring tools
for assessing demands of practices and
competitive matches in team-based sports (Coutts
and Duffield, 2010; Ravé et al., 2020). A commonly
reported variable of relevance extrapolated by
GPS technology is player load (Ravé et al.,, 2020;
Vanrenterghem et al, 2017). Player load, or
external load, is a numerical value quantified by
the amount of physical work performed over time
by an athlete in the form of movement (Wallace et
al., 2013). As GPS technology provides a collection
of data during practice sessions, it is important to
decipher which variables are most relevant for
sport coaches to focus on. This way, coaches can
manage these variables to optimize performance
and achieve desired training goals (Ravé et al.,
2020; Vanrenterghem et al, 2017). Along with
external player load, the GPS device captures
specific data for running-related variables. This
information has received attention in field sports
because running variables can be directly
manipulated by coaches. A review by Ravé et al.
(2020) documened that relevant GPS variables in
monitoring player load in elite soccer include
high-speed running distance, sprint distance,
specific maximal speed, the number of
accelerations (23 m/s?), and the number of
decelerations ( < 3 m/s?). The rationalization is
because these metrics reflect training intensity
and can be used to construct specific training
sessions. Practitioners often focus on total and
high-speed running distance covered as they are
some of the most demanding and important
qualities for athletes (Cardinale and Varley, 2017).
Thus, highlighting these characteristics could
prove valuable to sport scientists and soccer
coaches at the collegiate level.

Sprinting is high-intensity anaerobic
activity involving repeated impacts and great
eccentric stress to the posterior tissues to
overcome body mass inertia (Vanrenterghem et
al., 2017) and can distinguish between successful
match performance in soccer (Vescovi, 2012).
Total distance covered while sprinting has been
reported as approximately 1.5-2.5 km in elite
players (Datson et al., 2014; Mohr et al., 2008), or
about 1-10% of total distance in team sports
(Girard et al, 2011). Accelerations and
decelerations increase metabolic demand due to
rapid force application and heavy eccentric
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loading of directional change efforts (Spiteri et al.,
2015). Change-of-direction (COD) describes the
preplanned ability to decelerate and re-accelerate
in a different direction (Jones et al., 2008). Within
competitive soccer matches, a high volume of
approximately 700 directional changes can occur
at maximal intensity (Bloomfield et al., 2007).

Greater external loads indicate higher
intensities and metabolic cost experienced by
athletes (Gaudino et al., 2013; Vanrenterghem et
al., 2017). Due to the significant amount of high-
intensity  running actions performed in
competitive soccer matches (Datson et al., 2014;
Vescovi, 2012), it is plausible that sprint-related
metrics may heavily influence a player’s
workload demands (Thorpe et al., 2017). This
includes sprint count, distance, volume, and
speed, as well as the number of accelerations and
decelerations in different speed zones. However,
the current body of literature describing women’s
soccer is limited, specifically at the collegiate level
(Gentles et al., 2018). Further analysis is required
to determine which sprint metrics may most affect
training loads experienced by players.

The purpose of this study was to
determine which sprint metrics correlated with
player load in Division I women soccer athletes
using GPS technology. A further aim was to
determine which sprint variables were the
greatest predictor of player load. It was
hypothesized that the correlation analysis would
demonstrate significant relationships between all
sprint metrics and player load. A further
hypothesis was total sprint distance and the
number of accelerations and decelerations
completed by players would predict player load
the most of all sprint-related variables.

Methods
Participants

A total of 18 NCAA Division I women
field soccer players (6 forwards, 8 midfielders,
and 4 defenders) from the same team participated
in this study (age = 20.61 + 1.29 years; body height
=167.99 £ 8.08 cm; body mass = 60.05 + 6.16 kg).
Goalkeepers  were  excluded from  this
investigation due to contrasting movement
patterns produced and distances covered in
comparison to field players (Stelen et al., 2005).
The data used in this study arose as a condition of
monitoring conducted by the team’s coaching
staff. As a result, the California State University,
Fullerton ethics committee approved the
retrospective analysis of pre-existing athletic
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testing data for this investigation (HSR-18-19-121).
Each player had also completed the university-
mandated physical examination and read and
signed the university consent and medical forms
for participation in collegiate athletics. The study
also conformed to the recommendations of the
Declaration of Helsinki (World Medical
Association, 1997).

Procedures

The soccer players in this study trained
Monday through Friday on a grass field from 9:00
am to approximately 10:30 am. Training sessions
began with a dynamic warm-up progressing from
general to sport-specific movement patterns to
prepare the girls for activity. The athletes would
begin on the sideline of the field and complete
movements over about 10 m. The general warm
up included glute activation with the use of mini
bands. Glute exercises would vary, yet mostly
included forward and backward monster walks,
lateral marches in either direction, tempo squats,
hip abductions, and hip external rotations.
General movements during the warm-up aimed
to activate total body musculature in the different
planes of motion (e.g., lunge and twist, reverse
lunge and overhead reach, world’s greatest
stretch, lateral lunges, inchworms, knee hugs,
ankle pulls, and side sweeps). Sport-specific
activities included the carioca, high knees, skips
for maximal height and distance, and drills
involving accelerations, decelerations, and COD
actions (such as a sprint, side shuffle right,
backpedal, side shuffle left, and sprint to the end
line).

Following the dynamic warm-up, the
team would transition into ball drills or other skill
work such as juggling, passing boxes, partner
passing, or tri-, quad-, or large group passing.
Variations to these drills would include having
defenders present to steal the ball, or adapting
rules to one touch, two touches, meaning players
alternate the number of touches (single or double)
it takes to pass the ball to one another. Activity
arrangements varied daily; however, following
technical ball drills, the team would typically
transition into tactical drills. Tactical drills
involved separating the team into mini teams to
develop competitive play with the use of various-
sided games and goalkeepers to simulate
potential opportunities for scoring during match
play. These drills will be detailed later within this
paper. Additionally, throughout practices,
conditioning would take place either as its own
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component of training (i.e., “marathon runs” [a
particular route around the training field], uphill
runs, conditioning tests, etc.), or the result of
losing sided games. At the conclusion of practice,
athletes were granted 10-15 min of “free activity”
to work on any elements of their individual
performance. This could take the form of
practicing shooting goals, the juggling test, corner
kicks, penalty kicks, etc. Sessions would end with
either a team cool down of full body stretching,
individualized cool downs (every player for
themselves), and/or ice baths for recovery.
Training Structure

Training sessions constructed by the
coaching staff were mostly a mix of different
modalities (e.g., physical conditioning, various-
sided games, positional development drills,
tactical and technical drills). Generally, all field
players completed the same tasks, unless
separated by position in preparation for game
days. However, for this investigation, days prior
to and after matches were excluded due to large
alterations in GPS data. The changes in data
would occur as a result of starters completing less
physical work than players who did not play in
the game during practice as a means of workload
management. Nonetheless, although the goals of
each session may have varied, all were combined
due to field players completing the same drills
during training.

Players typically trained 4-6 times per
week for up to 2 hours depending on the training
goals for individual sessions. Per the head coach’s
request, GPS data were collected for forwards,
midfielders, and defenders as part of players’
monitoring  and management
throughout the team’s annual training plan. Drills
completed during each practice session were
determined by the coaching staff. As stated, data
were analyzed for 19 practice sessions involving
conditioning, various-sided games, tactical, and
skills training for a total of 18 field players.

Training sessions with an emphasis on

workload

conditioning consisted of long slow distance runs,
tempo runs, goal runs, 11 vs. 11, six 200-m sprints,
ten 100-m sprints, and other high-intensity runs.
The coaching staff programmed small-, medium-,
and large-sided games during most training
sessions. Large- and medium-sided games would
incorporate matches of 9 vs. 9, 6 vs. 6 +1 neutral, 6
vs. 6 +2 neutrals passing only, and 7 vs. 7 +2
neutrals. Small-sided games were typically
comprised of 5 vs. 2, 5 vs. 3, 5 vs. 5 +1 alternate, 5



56 Relationships between Sprint, Acceleration, and Deceleration Metrics with Training Load

vs. 5 possessions, 3 vs. 3, 4 vs. 2, and 4 vs. 4.
Practices containing tactical and skills training
would involve juggling, 1 vs. 1 with shooting,
group possession passing, partner passing, cone
agility drills, drills by position, shooting via
headers, crossing-and-finishing, speed-of-play
passing, dribbling with speed, skill work with the
ball, 2 vs. 1 with shooting, passing boxes,
possession passing with mannequins, 5 vs. 4
possession and defense transitions with target to
score, 4 vs. 1 (one touch, two touches), and
situational 11 vs. 11.
GPS Devices

All field players were assigned and fitted
with GPS wearable technology for every practice
session (Titan2, Titan Sensor, Houston, Texas).
The GPS units collect samples at a rate of 10 Hz
and are equipped with a 1 KHz accelerometer.
Previous investigations have demonstrated that a
sampling rate of 10 Hz provides both valid and
reliable measures of speed and distance (Johnston
et al, 2012; Rampinini et al.,, 2015; Scott et al.,
2016). The devices were encapsulated posteriorly
between the scapulae in a specialized polyester
and elastane vest, which were supplied by the
manufacturer. All devices had a compact design
of 3 mm x 1.5 mm x 0.25 mm and weight of 42 g.
Prior to each training session, the GPS devices
were powered on by the researcher approximately
10 min before activity to allow for satellite signal
recognition (Duffield et al.,, 2010). Data collected
from the team warm-up prior to training was
included in the analysis for the selected practice
sessions. After the cessation of practice, the GPS
units were collected and powered off by the
researcher. Data were then downloaded to a
personal computer using proprietary software for
further analysis (V3.0.0, Titan Sensor, Houston,
Texas, USA).
GPS Data

The sprint metrics derived from the
devices included total sprint distance, sprint
count, maximum and average top speed, sprint
volume, and the number of accelerations and
decelerations in different speed zones (+1 m/s?, +2
m/s?, £3 m/s?, +4 m/s?, and 5 m/s?). Manufacturer
definitions for the metrics assessed in this study
were defined and are described as follows:

e DPlayer Load (arbitrary units: AU): a
scoring value accounting for the intensity
and duration of effort based on GPS
readings. The score is weighted with an
exponentially increasing coefficient.

e Sprint (meters/second: m/s): a sprint effort
begins when an athlete surpasses 4.76 m/s
for at least 1 s and ends when speed
decreases below 3 m/s.

e Sprint Count: number of sprints during a
session.

e Sprint Total Distance (m): the sum of all
sprint distance covered.

e Average Top Speed (m/s): the average of
the sprints’ top speeds.

¢ Maximum Top Speed (m/s): the
maximum of all the sprints’ top speeds.

e Sprint Volume (count/minute): average
number of sprints per minute of playing
time.

e Acceleration Zones (meters/second?:
m/s?): the instantaneous velocity at a
given moment. The brackets included:

e Decelerations (number):
o -5m/s?to—-4m/s?
o —4m/s?to-3m/s?
o -3m/s?to-2m/s?
o -2m/s?to-1m/s?
e Accelerations (number):
o 1m/s?to2m/s?
o 2m/s?to3 m/s?
o 3m/s?to4 m/s?
o 4 m/s?to5 m/s?
Statistical Analysis
All statistical analyses were computed
using the Statistics Package for Social Sciences
(version 26.0; IBM Corporation, NY, USA).
Descriptive statistics (mean + standard deviation
[SD]) were calculated for each variable. Pearson’s
correlations (r) were used to calculate
relationships between player load and the various
sprint metrics from each session (sprint count,
distance, and volume, average and maximal top
speed, and the number of accelerations and
decelerations in different speed zones). An alpha
level of p < 0.05 was required for significance.
Correlation strength was defined as: r between +0
to 0.3 was considered small; +0.31 to 0.49,
moderate; +0.5 to 0.69, large; +0.7 to 0.89, very
large; and +0.9 to 1, near perfect for relationship
prediction (Hopkins, 2006). A stepwise regression
analysis (p < 0.05) was then conducted to
determine which metrics predicted player load.
Results
Descriptive data for all variables is displayed
Table 1. Significant relationships were found
between player load and sprint count (large),
maximum top speed (moderate), sprint distance
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(large), sprint volume (large), the number of
decelerations at -1, -2, and -3 m/s? (all moderate),
and the number of accelerations at 1, 2, 3, and 5
m/s? (all moderate) (Table 2). There were no
significant relationships found between player
load and average top speed, the number of
decelerations at -4 and -5 m/s?, or the number of
accelerations at 4 m/s?% The regression analyses
indicated that sprint distance (p < 0.001, 2 = 0.741)
predicted player load with 72.5% explained
variance. When the number of decelerations at —1
m/s? was added to the equation, explained
variance increased to 85.1% (p = 0.001, r2 = 0.867).

Discussion

This study investigated the relationship
between sprint-related variables with player load
recorded during training sessions in collegiate

women field soccer players. The data indicated

relationships between player load and sprint
count, maximum top speed, sprint distance, sprint
volume, the number of decelerations at -1, -2, and
-3 m/s?, and the number of accelerations at 1, 2, 3,
and 5 m/s% This supports the research hypotheses
as these sprint metrics demonstrated significant
and positive relationships to player load. The
regression analysis revealed that sprint distance
predicted player load the most, along with the
number of decelerations at =1 m/s2. These data
have important implications for coaches and sport
scientists working with collegiate women soccer

players.

Table 1. Descriptive statistics for whole sample player load, sprint count, maximum top speed, average
top speed, sprint distance, sprint volume, the number of decelerations at -1, -2, -3, —4, and -5 m/s?,
and the number of accelerations at 1, 2, 3, 4, and 5 m/s?

Sprint Distance (m)
Sprint Volume (count/minute)
Deceleration at —1 m/s? (number)
Deceleration at —2 m/s? (number)
Deceleration at -3 m/s? (number)
Deceleration at -4 m/s? (number)
Deceleration at -5 m/s? (number)
Acceleration at 1 m/s? (number)
Acceleration at 2 m/s? (number)
Acceleration at 3 m/s? (number)
Acceleration at 4 m/s? (number)

Acceleration at 5 m/s? (number)

Variable Mean + SD
Player Load (AU) 98.34 +42.29
Sprint Count (number) 14.25+6.73
Maximum Top Speed (m/s) 6.74 +0.30
Average Top Speed (m/s) 591+0.13

331.19 £158.17

344.24 +161.65

171.64 £ 71.00

74.90 £ 31.79

20.17 £10.14

4.00 + 3.38

0.51 £0.42

165.50 + 66.03

87.97 £41.79

19.83 +10.12

1.01+0.61

0.03 + 0.06
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Table 2. Pearson’s correlations (r) for player load for the whole sample with sprint count, maximum
top speed, average top speed, sprint distance, sprint volume, the number of decelerations at -1, -2, -3, —
4, and -5 m/s?, and the number of accelerations at 1, 2, 3, 4, and 5 m/s2. * Significant (p < 0.05)
relationship between the two variables.

Player Load
Variable r p

Sprint Count 0.727% <0.001
Maximum Top Speed 0.646* 0.003
Average Top Speed 0.200 0.411

Sprint Distance 0.861% <0.001

Sprint Volume 0.855* <0.001
Deceleration at —1 m/s? 0.678* 0.001
Deceleration at -2 m/s? 0.636* 0.003
Deceleration at -3 m/s? 0.668* 0.002
Deceleration at -4 m/s? 0.402 0.088
Deceleration at -5 m/s? 0.275 0.254
Acceleration at 1 m/s? 0.663* 0.002
Acceleration at 2 m/s? 0.652* 0.003
Acceleration at 3 m/s? 0.610* 0.006
Acceleration at 4 m/s? 0.234 0.336
Acceleration at 5 m/s? 0.512* 0.025

There are very few studies that have
examined maximal sprint speeds at the collegiate
or professional level for women’s soccer. High-
speed running in soccer allows players to remain
involved in play through their ability to keep up
with game transitions. Assessing sprint variables
in soccer players is meaningful as the ability to
achieve faster running speeds can lead to
significant opportunities during match play, such
as creating space and scoring goals (Hewitt et al.,
2014). In this study, the average maximal speed of
all training sessions for the sample was
approximately 6.74 m/s. The results indicated
maximal sprint top speed had a large correlation
to player load, with a positive relationship
between the two variables. These data suggest
that during training, athletes who achieved faster
sprinting speeds experienced higher external
loads. Interestingly, average top speed did not
have a significant relationship with player load,
suggesting that the peak speed attained by
players had a greater impact on the external load
experienced by players. Indeed,
sprinting speed requires high ground reaction

maximal
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forces (Coh et al., 2018), so it could be expected
that faster speeds place greater stress on a soccer
athlete. Accordingly, as demonstrated by the
results of the current study, when planning drills
for practice sessions, sport coaches must consider
that incorporating drills which require running at
faster speeds will lead to increases in player load.

It is a challenge to compare sprint
distance means of previous investigations to the
present study due to the use of different GPS
technologies, which each defines a sprint as
something different. As noted previously, the
Titan GPS sensors used in the current study
defined a sprint as speeds at or above 4.76 m/s.
Additionally, previous investigations have
predominantly assessed professional soccer
athletes during competition, rather than during
training. An investigation of Danish national
women soccer teams by Panduro et al. (2021), for
instance, calculated an average of 676 m of very
high-speed running (specified as speeds faster
than 5 m/s), and approximately 245 m covered
while sprinting (specified as speeds faster than
6.96 m/s) in field players during competitive
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games. Another study of Australian national
women soccer players conducted by Hewitt et al.
(2014) measured an average of 338 m of sprint
distance (classified as speeds faster than 5.28 m/s),
and approximately 2407 m of high-intensity
running (classified as 3.33-5.27 m/s) during
matches. These findings from Panduro et al.
(2021) and Hewitt et al. (2014), as well as the
results from this study, demonstrate why it is
important for sport scientists and soccer coaches
to recognize the effects of the amount, volume,
and distance of sprints as these variables will
influence external load demands.

Limited studies have examined sprint
count, distance, and volume, particularly during
practice sessions and in collegiate women soccer
players. In the present study, the analysis of the
collective team indicated very large correlations
between player load and sprint count, sprint
distance, and sprint volume. Sprint distance also
predicted player load, with 72.5% explained
variance. The average sprint count was
approximately 14 sprints per session, average
sprint distance was about 331 m per session, and
average sprint volume was approximately 344
total sprints. Based on the findings of this
investigation, a greater number, distance, and
volume of sprints led to higher player load values,
with sprint distance being particulalrly impactful.
As noted previously, maximal sprinting requires
the generation of high external forces (Coh et al.,
2018). In line with the results for maximal sprint
speed, a greater number of sprints and distance
covered while sprinting will elevate the load
experience by the soccer athlete. Thus, training
sessions that involve more sprint efforts, and
sprints over longer distances, increased the level
of difficulty of the session. The distance covered
sprinting maximally within training drills could
be adjusted up or down to manipulate the
intensity of training sessions. Future research
could track how training drills manipulated
according to this process could affect fitness
adaptations experienced by collegiate women
soccer players.

The results of this study indicated that the
number of decelerations and accelerations at
slower speeds seemed to have a greater effect on
player load in collegiate women’s soccer athletes.
Specifically, the number of decelerations at -1, -2,
and -3 m/s? and the number of accelerations at 1,
2, 3, and 5 m/s? had large correlations with player
load. The number of decelerations at -1 m/s? also
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predicted player load; when added to the
regression equation with sprint distance, the
explained variance was 85.1%. These results were
anticipated as pace and directional changes are
physically demanding, even at submaximal
speeds (Douchet et al, 2021). Accelerations
require an increase in momentum to propel the
body in a new direction (Spiteri et al, 2015).
Decelerations involve braking mechanisms that
induce stressful loading to the posterior tissues
(Papla et al., 2020). In this investigation, athletes
executed over 500 accelerations and decelerations
in the different speed zones per training session.
Due to the high number of acceleration and
deceleration efforts in soccer, athletes require
exposure to these actions to prepare them for the
demands of competition. Considering the
significant number of pace changes completed by
soccer athletes (Bloomfield et al., 2007), it is not
surprising that these actions, even at relatively
lower intensities, had a large impact on player
load.

There was a greater total number of
decelerations and accelerations at or below +2
m/s? in comparison to decelerations and
accelerations at or above 3 m/s%. These
submaximal acceleration and deceleration efforts
led to increases in player load likely due to the
high volume of repetitions during training
(approximately 246 decelerations below —2 m/s?
and 253 accelerations below 2 m/s?). Douchet et al.
(2021) found that an increased number of
accelerations and decelerations in training led to
an increase in perceptual exercise intensity and
fatigue in elite professional women soccer players.
The authors attributed this finding to produced
muscle damage and soreness as a result of these
metabolically demanding tasks. Considering the
results from this study and those from Douchet et
al. (2021), it would seem that drills involving a
greater number of pace and COD actions could
increase the intensity of training sessions for
collegiate women'’s soccer players. As an example,
if a coach wished to increase the stress of a
training session, designing training drills that
required more direction changes should achieve
this. This could include 2 x 3 or 4 x 4 grids,
various cone drills that incorporate dribbling and
other on-ball skills, and different variations of
small-sided games with reduced playing field
dimensions and fewer players. Using training
drills with reduced COD demands should
decrease the stress experienced. Any training
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adaptations experienced by collegiate women
soccer players according to training drill
manipulation relative to player load could be
investigated in future studies.

The number of decelerations at 4 and -5
m/s? and accelerations at 4 m/s?> did not
demonstrate significant correlations to player
load. These results could have been influenced by
some of the inherent limitations to GPS devices
(Coutts and Duffield, 2010). Accelerations and
decelerations may be harder to record via GPS
equipment if they are faster and shorter in
duration (Windt et al.,, 2020). Nonetheless, the
deceleration and acceleration data do reflect the
demands of these actions relative to player load in
collegiate women soccer players.

There are certain limitations of the study
that should be considered. The sample size was
relatively small (N = 18), and only one NCAA
Division I collegiate women’s soccer team was
assessed for this investigation. The number (N =
19) and type of practice sessions analyzed may
have presented different results compared to a
greater number of sessions or competitive match
data. Workload demands of players vary
depending on the playing position, thus, specific
drills may affect certain positions more than
others. Relationships between player load and
sprint metrics specific to positions in collegiate
women'’s soccer players could be studied in future
research. GPS technology may have shortcomings
in the assessment of short, high-intensity actions
such as accelerations and decelerations (Coutts
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women’s soccer players over the course of a
season.

The authors thank the CSUF Sports Performance staff for facilitating this research.

References

Bangsbo, J., Mohr, M., Krustrup, P. (2006). Physical and metabolic demands of training and match-play in
the elite football player. Journal of Sports Sciences, 24(7), 665-674.

Bloomfield, J., Polman, R., O'Donoghue, P. (2007). Physical demands of different positions in FA Premier
League soccer. Journal of Sports Science and Medicine, 6(1), 63-70.

Cardinale, M., Varley, M. C. (2017). Wearable training-monitoring technology: Applications, challenges, and
opportunities. International Journal of Sports Physiology and Performance, 12(52), 55-62.

Coh, M., Hébert-Losier, K., Stuhec, S., Babié, V., Supej, M. (2018). Kinematics of Usain Bolt's maximal sprint

velocity. Kinesiology, 50(2), 172-180.

Coutts, A. J., Duffield, R. (2010). Validity and reliability of GPS devices for measuring movement demands of
team sports. Journal of Science and Medicine in Sport, 13(1), 133-135.

Datson, N., Hulton, A., Andersson, H., Lewis, T., Weston, M., Drust, B., Gregson, W. (2014). Applied
physiology of female soccer: An update. Sports Medicine, 44(9), 1225-1240.

Douchet, T., Humbertclaude, A., Cometti, C., Paizis, C., Babault, N. (2021). Quantifying accelerations and
decelerations in elite women soccer players during regular in-season training as an index of training

load. Sports, 9(8), 109.

Journal of Human Kinetics - volume 85/2022

http://www.johk.pl




by Dieanna C. Prudholme et al. 61

Duffield, R., Reid, M., Baker, J., Spratford, W. (2010). Accuracy and reliability of GPS devices for
measurement of movement patterns in confined spaces for court-based sports. Journal of Science and
Medicine in Sport, 13(5), 523-525.

Gaudino, P, laia, F., Alberti, G., Strudwick, A. J., Atkinson, G., Gregson, W. (2013). Monitoring training in
elite soccer players: Systematic bias between running speed and metabolic power data. International
Journal of Sports Medicine, 34(11), 963-968.

Gentles, J. A., Coniglio, C. L., Besemer, M. M., Morgan, J. M., Mahnken, M. T. (2018). The demands of a
women'’s college soccer season. Sports, 6(1) 16.

Girard, O., Mendez-Villanueva, A., Bishop, D. (2011). Repeated-sprint ability — Part I. Sports Medicine, 41(8),
673-694.

Hopkins, W. G. (2006). A Scale of Magnitudes for Effect Statistics.
http://www.sportsci.org/resource/stats/effectmag.html.

Johnston, R., Watsford, M., Pine, M., Spurrs, R., Murphy, A., Pruyn, E. (2012). The validity and reliability of
5-hz global positioning system units to measure team sport movement demands. Journal of Strength
and Conditioning Research, 26(3), 758-765.

Jones, P., Bampouras, T., Marrin, K. (2008). An investigation into the physical determinants of change of
direction speed. Journal of Sports Medicine and Physical Fitness, 49(1), 97-104.

McFadden, B., Walker, A., Bozzini, B., Sanders, D., Arent, S. (2020). Comparison of internal and external
training loads in male and female collegiate soccer players during practices vs. games. Journal of
Strength and Conditioning Research, 34(4), 969-974.

McLean, B., Petrucelli, C., Coyle, E. (2012). Maximal power output and perceptual fatigue responses during a
Division I female collegiate soccer match. Journal of Strength and Conditioning Research, 26(12), 3189—
3196.

Mohr, M., Krustrup, P., Andersson, H., Kirkendal, D., Bangsbo, J. (2008). Match activities of elite women
soccer players at different performance levels. Journal of Strength and Conditioning Research, 22(2),
341-349.

NCAA. (2020). 2020-2021 NCAA Division I Manual. http://www.ncaapublications.com.

Papla, M., Krzysztofik, M., Wojdala, G., Roczniok, R., Oslizlo, M., Golas, A. (2020). Relationships between
linear sprint, lower-body power output and change of direction performance in elite soccer players.
International Journal of Environmental Research and Public Health, 17(17), 6119.

Radziminski, L., & Jastrzgbski, Z. (2021). Evolution of physical performance in professional soccer across four
consecutive seasons. Balt J Health Phys Activ, 13(3), 79-85. https://doi.org/10.29359/BJHPA.13.3.10
Rampinini, E., Alberti, G., Fiorenza, M., Riggio, M., Sassi, R., Borges, T. O., Coutts, A. J. (2015). Accuracy of
GPS devices for measuring high-intensity running in field-based team sports. International Journal of

Sports Medicine, 36(1), 49-53.

Ravé, G., Granacher, U.,, Boullosa, D., Hackney, A. C., Zouhal, H. (2020). How to use global positioning
systems (GPS) data to monitor training load in the "real world" of elite soccer. Frontiers in Physiology,
11, 944.

Scott, M., Scott, T., Kelly, V. (2016). The validity and reliability of global positioning systems in team sport: A
brief review. Journal of Strength and Conditioning Research, 30(5), 1470-1490.

Spiteri, T., Newton, R., Binetti, M., Hart, N., Sheppard, J., Nimphius, S. (2015). Mechanical determinants of
faster change of direction and agility performance in female basketball athletes. Journal of Strength
and Conditioning Research, 29(8), 2205-2214.

Stelen, T., Chamari, K., Castagna, C., Wisleff, U. (2005). Physiology of soccer. Sports Medicine, 35(6), 501-536.

Thorpe, R. T., Atkinson, G., Drust, B., Gregson, W. (2017). Monitoring fatigue status in elite team-sport
athletes: Implications for practice. International Journal of Sports Physiology and Performance, 12(Suppl
2), $227-5234.

Vanrenterghem, J., Nedergaard, N. J., Robinson, M. A., Drust, B. (2017). Training load monitoring in team
sports: A novel framework separating physiological and biomechanical load-adaptation pathways.
Sports Medicine, 47(11), 2135-2142.

Vescovi, J. D. (2012). Sprint speed characteristics of high-level American female soccer players: Female
athletes in motion (FAiM) study. Journal of Science and Medicine in Sport, 15(5), 474-478.

Wallace, L. K., Slattery, K. M., Coutts, A. J. (2013). A comparison of methods for quantifying training load:
Relationships between modelled and actual training responses. European Journal of Applied

© Editorial Committee of Journal of Human Kinetics



62 Relationships between Sprint, Acceleration, and Deceleration Metrics with Training Load

Physiology, 114(1), 11-20.

Windt, J., MacDonald, K., Taylor, D., Zumbo, B. D., Sporer, B. C., Martin, D. T. (2020). “To tech or not to
tech?” A critical decision-making framework for implementing technology in sport. Journal of
Athletic Training, 55(9), 902-910.

World Medical Association. (1997). World Medical Association Declaration of Helsinki. Recommendations
guiding physicians in biomedical research involving human subjects. Journal of the American Medical
Association, 277(11), 925-926.

Corresponding author:

Dr. Robert Lockie

California State University, Fullerton
Department of Kinesiology

800 N State College Blvd

Fullerton, CA 92831, USA

Phone (international): +1 657-278-4971
E-mail address: rlockie@fullerton.edu

Journal of Human Kinetics - volume 85/2022 http://www.johk.pl





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


