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Abstract
Huggins, RA, Giersch, GEW, Belval, LN, Benjamin, CL, Curtis, RM, Sekiguchi, Y, Peltonen, J, and Casa, DJ. The validity and
reliability of GPS units for measuring distance and velocity during linear and team sport simulatedmovements. J Strength Cond Res
34(11): 3070–3077, 2020—This experimental study aimed to assess the validity and reliability of shirt-mounted 10-Hz global
positioning system (GPS) units (Polar Team Pro) for measuring total distance (TD), constant velocity (VelC), and instantaneous
velocity (VelI) during linear running and a team sport simulation circuit (TSSC). Fifteen male soccer athletes completed linear tasks
(40 and 100 m) at various velocities: walk (W) (4.8–7.9 km·h21), jog (J) (8.0–12.7 km·h21), run (R) (12.9–19.9 km·h21), and sprint (S)
(.20.0 km·h21) and a 120-m TSSC. Global positioning system validity and reliability for TD, VelC, and VelI were compared with
criterion measures using 2 methods (a and b) of GPS raw data extraction. When measuring TD for the Polar Team Pro device,
validity and reliability measures were,5% error at all velocities during the 40-m (with the exception of the S [%CV5 8.03]) and 100-
m linear trial (both extraction methods) and TSSC. The GPS mean difference (6SD) for TD during the TSSC using extraction
methods (a) and (b) was 0.2 6 1.2 and 2.2 6 2.2 m, respectively. The validity of the device in measuring VelC was significantly
different (p , 0.05) at all velocities during the 40 m (exception W) and the 100 m, with effect sizes ranging from trivial to small
(exception of 100 m S). VelI was similar (p . 0.05) at all velocities, except for the W (p 5 0.001). The reliability of the device when
measuring VelC during the 40 and 100mwas,5%CV; however, during the 100m, VelI ranged from 1.4 to 12.9%. Despite trivial to
large effect sizes for validity of TD, this device demonstrated good reliability,5%CV during linear and TSSCmovements. Similarly,
effect sizes ranged from trivial to large for VelC, and yet VelI reliability was good for VelC, but good to poor for VelI.
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Introduction

Monitoring the movement demands associated with team sport
athletes during match play and training sessions has become in-
creasingly more common in sport, especially at the professional
and collegiate levels (2,8,9,13,15). However; this was not the case
until the late 2000s, following the release of the global positioning
system (GPS) to the public by the US Department of Defense. At
this time, the potential for GPS instruments in sport were truly
realized and quickly became mainstream in sport. The advent of
GPS instrumentation to the world of sport allowed exercise sci-
entists and coaches to easily quantify individualized information
from their players such as velocity zones (VZ), distances, accel-
erations, decelerations, andmeasurements related to training load
(9,14,27–29). Since then, the monitoring and evaluation of these
metrics has made a large impact on both the acute and chronic
program variables and the overall periodization of teams and
individual athletes’ training (7,11,24). Not only did the ease of
data acquisition allow for more real-time feedback but also it
required less from the individual(s) collecting and managing the

data. The ability for the individual(s) to implement a system with
an entire team or squad while simultaneously ensuring (a) high-
quality and coordinated data acquisition, (b) live “tagging or
marking” of particular events within a training session, and (c)
coordinated commencement or termination of the data collection
period was a large advancement from previous methodologies.
Additionally, in response to the enhanced practicality that GPS
and external load monitoring provide, an entire industry with
roots in data analytics and sport performance monitoring has
developed, and now teams are able to use these data to better
understand the impact that load have on fatigue, injury pre-
vention, load or volume management, and return to participation
after injury. However, although the benefits of GPS seemingly
outweigh the detrimental effects, in order for those conducting the
monitoring to accurately interpret these data, they must also
understand the limitations, in particular, those related to the
validity and reliability of the instrument. Without an un-
derstanding and appreciation of these limitations, one cannot
truly deduce meaningful interpretations.

An appreciation for the mechanisms behind GPS and its val-
idity and reliability is required to understand the contextual
limitations both outside and within sport. The location of a
particular GPS receiver or device is triangulated from the

Address correspondence to Robert A. Huggins, Robert.huggins@uconn.edu.

Journal of Strength and Conditioning Research 34(11)/3070–3077

ª 2020 National Strength and Conditioning Association

3070

Copyright © 2020 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

mailto:Robert.huggins@uconn.edu


numerous satellites orbiting the earth that are equipped with
onboard atomic clocks (25). A minimum of 4 satellites continu-
ously sending and receiving information related to distance and
time from the satellites are required to triangulate the position of
the receiver or individual unit. That being said, there are limita-
tions that interfere or disrupt the transmission of these signals
such as tall structures and clouds within the atmosphere proximal
to the recording area. Furthermore, increased error in the mea-
surement of total distance (TD) has been reported when there is a
reduction in the number of satellites available for triangulation of
the GPS signal (16).

Within the context of sport, the validity and reliability of GPS
units for measuring distance in team sports has been conducted
previously in a variety of sports and at various levels of compe-
tition (9,21–23,28). Furthermore, the validity of 1- (9,21) 5-
(2,8,9,12,15,21,23,28), 10- (4,22,28), 15- (22), and 18-Hz (3,20)
GPS devices has been examined. Although data suggest that 10-,
15-, and 18-Hz units demonstrate improved measures of move-
ment demands compared with 1 and 5-Hz units (3,20,22), other
investigations have demonstrated that GPS is a valid and reliable
measure of TD with,5% SEE and,5% coefficient of variation
(CV); however, large variability in the reported validity and re-
liability exist between brands and models (5,9,22). Furthermore,
previous investigations determined that validity and reliability
reported from various GPS device models and manufacturers
should not be extrapolated to others (1); thus, each device man-
ufacturer using GPS requires independent validity and reliability
testing. The validation process is a critical step in the application
of this technology in sport and research settings to understand the
limitations of the device.

Polar Team Pro units are currently used internationally in a
variety of team sports and competitive levels, and these devices
warrant validation. Therefore, the purpose of this investigation
was to examine the validity and reliability of one such device
manufacturer (Polar Team Pro GPS device) in the assessment of
TD, instantaneous velocity (VelI), and constant or average ve-
locity (VelC) during linear and sport-specific movement patterns.
Furthermore, we examined the interunit reliability of the GPS
devices in the measurement of TD. Specifically, we aim to de-
termine the validity and reliability of a novel shirt-mounted GPS
device for TD, VelI, and VelC compared with the criterion mea-
sure during linear tasks (40 and 100 m) at various velocities walk
(W), jog (J), run (R), sprint (S), and during a team sports simu-
lation circuit (TSSC). Additionally, from a data methodology
perspective, we aim to analyze TD using 2 methods of data ex-
traction to determine if differences exist between methods.

Methods

Experimental Approach to the Problem

To determine the ability of a 10-Hz GPS device of measuring TD,
athletes completed linear tasks of 40 and 100 m at 4 different VZ
for a total of 8 repetitions. The measurement recorded by the
device was compared with the criterion measure (tape measure).
To determine the ability of the device to measure both VelI and
Velc during the same linear tasks, the measures were compared
with the criterion: laser for VelI and timing gates for VelC. Finally,
to determine the ability of the device to measure team sport
movement demands, athletes performed 2 repetitions of a TSSC
used previously byCoutts andDuffield (9), whichwas used to test
the TD. To examine the variousmethodologies related to TDdata
extraction, we chose to compare 2 methods that have been

reported. One used GPS-based initiation of movement and timing
gate end of movement (method A), whereas the second method
used the activation of the onset of first GPSmovement and the end
of GPS movement (method B). The rationale for reporting both
was to elucidate the possibility of potential differences between
these methods previously reported, which may reveal important
differences when reporting GPS validity and reliability for future
devices.

Subjects

Fifteen male club collegiate soccer athletes ([mean6 SD], 206 1
years of age, 177.0 6 7.5-cm tall, and 71.57 6 7.17 kg of body
mass) volunteered to participate in this study. Athletes donned a
shirt with an integrated 10-Hz GPS and 200-Hz MEMs-enabled
athlete tracking device (Polar Team Pro; Polar Electro, Kempele,
Finland). All athletes gave written informed consent before par-
ticipation in the study, and the University of Connecticut In-
stitutional ReviewBoard approved the study. The sponsor did not
have the right to approve or disapprove publication of this article.

Procedures

All athletes were familiarized with the testing procedures by verbal
instruction, demonstration by a researcher, and subsequent phys-
ical practice of the linear and TSSC task. Height was recorded to
the nearest centimeter using a standard tape measure, whereas
body mass was assessed using a digital scale (T51P; Ohaus, Pine
Brook, NJ). Athletes were provided a the 10-Hz GPS device. Tra-
ditionally, this device is worn on a chest strap, and the device is
located just below the xiphoid process; however, athletes wore a
custom fit GPS shirt (Polar Team Pro Sensor and Shirt; Polar
Electro, Kempele, Finland) designed to house the unit posteriorly
between the first and fourth thoracic vertebrae above the scapula
with heart rate leads embedded in the shirt rather than across the
chest. The shirt was fitted per manufacturer’s suggested instruc-
tions, ensuring a “tight fit” to ensure that the GPS sensor was snug
on the upper back between the superior andmedial portions of the
scapulae. Given the previous research examining both chest and
back worn GPS devices, it is not likely that the physical location of
the GPS had any impact on the validity or reliability of the device;
therefore, the Polar shirt was used rather than the chest strap.Upon
arrival to the outdoor testing field, GPS signal acquisition was
visually confirmed via mobile tablet with Polar software, which
requires a minimum of 4 satellites for the athlete’s unit number to
appear on the tablet (dilution of precision is not reported by the
device therefore not reported). Before the participation, athletes
conducted a standardized 10-minute dynamic warm-up. Next,
athletes performed at least 1 linear task at each VZ and a TSSC.
This was done to orient them to the velocities at which they would
be running for the linear task and the varying velocities within the
TSSC. Verbal instruction and feedback were provided by the re-
searchers on the linear, sport-specific movement tasks and VZ re-
quired during each bout. Before the start of each bout of activity at
all velocities and tasks, athletes remained stationary with 1 foot on
the starting line for a minimum of 5 seconds before and upon
completion of each bout to allow for GPS and accelerometry data
to equilibrate and to allow for more uniform extraction of data
from the raw files upon export.

Linear Movement Task. Athletes performed a linear movement
task consisting of 2 trials at 4 different velocity ranges for a total
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of 8 repetitions: walking (W) (4.8–8.0 km·h21), jogging (J)
(8.1–12.7 km·h21), running (R) (12.8–20.1 km·h21), and
sprinting (S) (.20.1 km·h21) for 100 m. Timing gates were sta-
tioned at 0, 40, and 100 m to assess 40- and 100-m differences.
Total distance, VelC, and VelI recorded by the device were com-
pared with criterion measure. The criterion for TD was standard
tapemeasure. Criterion TD formethodA (Figure 1A)was defined
as the measured distance from the timing gate at the start line to
timing gate at the finish line (100 m). For method B, it was the
measured distance from timing gate start line to a cone placed
precisely 1 and 5 m beyond the finish line. This was done to
account for the deceleration during the W and J (TD 5 101 m)
and R and S (TD5 105 m) (Figure 1A). VelC was determined by
calculating the average velocity of the selected segment based on
the velocity reported from the device file. The criterion measure
for VelC was obtained from the electronic timing gates (TC
Timing System; Brower Timing Systems Inc., Draper, UT). The
device VelI was compared with the criterion VelI as measured by a
tripod mounted laser with swivel handle (UltraLyte 20 20 200
LR; Laser Technology Inc., Centennial, CO) placed 10 m beyond
the 100-m finish. The validity and reliability of laser technology at
various velocities and distances have been reported in previous
studies (6,10,17,27,28). The laser continuously aimed on the
athlete’s trunk for the duration of the trial, and the peak velocity
was recorded. VelI was assessed continuously during the entire
100-m task at eachVZ and during the first 20m of the TSSC. If an
error occurred during a repetition, the athlete was asked to per-
form another attempt. Errors included a deviation from the
course, interference with a cone, lack of standing still at the 2
required locations, and lack of achievement of the correct VZ.

Multidirectional Movement Task. Device validity and reliability
during multidirectional movement was assessed using the TSSC,
which has been previously studied by Johnston et al. (22) The total
measured distance of the circuit was 120m in length (as determined
by a standard tape measure) and involved sprinting, fast running,
jogging, walking, cutting, accelerating, decelerating, and standing

still (Figure 1B). Each athlete completed the drill twice. If an error
occurred, a third trial was performed. Errors included a deviation
from the course, interference with a cone, lack of standing still at
the 2 required locations, and lack of achievement of the correctVZ.

Data Extraction Methodologies. Raw data files for each athlete
were exported from the Polar software to visualize the collected
variables with a timestamp. Once exported, data were clipped
using 2 different methods. One method of data extraction used
the GPS-based initiation of movement and timing gate end of
movement (method A), which was exactly 100 m, whereas the
second method used the activation of the onset of first GPS
movement and the end of GPS movement (method B). As a frame
of reference, method B is what is reported within the Polar Team
Pro Software that the end user would use when examining TD.
Athletes ran the 40 and 100m in the same bout; therefore, method
A that used the timing gate as an end point was able to calculate
TD for both the 40 and 100m. However, method Bwas only able
to calculate TD for the 100 m because the athlete did not stop at
the 40m. To reiterate for themethod B, the actual TD used for the
criterion are 101 m for the W and J and 105 m for the R and S
(Figure 1A). During the bouts, VelC and VelI were extracted from
the device and compared with the respective criterion measure,
timing gate and laser, respectively.

Statistical Analyses

At the present time, there are no standard recommendations for the
acceptable error for validity measures in the context of GPS vari-
ables, such as TD, VelI, and VelC. However, a previous review (27)
has suggested that for the sake of consistency and alignment with
previous investigations, the recommendations for reliability be
used in place of validity. As such,measures of validity were rated as
good (,5%), moderate (5–10%), or poor (.10%) as interpreted
by Hopkins et al. (19). Furthermore, it has been suggested that
errors of up to 10% would be seen as an acceptable level for time
efficiency and ease of use in field-based sports. Therefore, the

Figure 1. Linear (A) and team sport simulation circuit (B) schematics. W 5 walk, J 5 jog, R 5 run, S 5 sprint. Decel 5
deceleration, aMethod AGPS start to timing gate finish location (100m); bMethod BGPS start to GPS finish locations forW+ J
(101 m) and R + S (105 m), respectively.
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validity of TD during the linear tasks and TSSC was established
using the standard error of the estimate (%SEE) (690% confi-
dence interval [CI]). Additionally, for the purpose of future com-
parison with other investigations, validity was also reported as
mean difference (MD 6 SD), %MD, effect size (ES) (690% CI),
and qualitative interpretation. Effect size was interpreted as trivial
(,0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), and
very large (.2.0) (19). The Shapiro-Wilk test confirmed the as-
sumption of normality of the statistical distribution. Total distance
was compared with the criterion value, which was either 40 or
100m formethodA, 101or 105m formethodB, and 120m for the
TSSC. The validity of VelI and VelC was determined using paired
samples t tests between the device and the laser for VelI and the
device and timing gates for VelC. Reliability for TDwas determined
during linear and TSSC using typical error (TE) (690%CI),%CV,
and smallest worth-while change (690% CI). Smallest worth-
while change as defined byHopkins et al. (18) as 0.2ST5 0.2√ (S2
2 e2) or the minimal (clinical) important difference. Statistical
analyses were performed using SPSS (Statistics 20.0) for Mac OS
Catalina (version 10.15.2).

Results

All validity and reliability measures for TD during the 40 and
100m (methods A and B) as well as TSSC are depicted in Table 1.

Validity and Reliability for Measuring Total Distance

The validity and reliability during linear and sport-specific move-
ments formethodA for TDduring the 40 and 100m, independent of
VZ, ranged from (mean difference (MD6 SD) [device2 criterion])
22.8 6 3.0 to 0.8 6 1.1 and 22.3 6 2.6 to 1.2 6 1.2 m and SEE

ranged from 2.6 to 7.5% and 1.2–2.6%, respectively (Table 1). In-
dependent of VZ, the average mean difference indicated that the
device underestimated TD by 21.3 6 1.2 m during the 40 m and
20.56 1.4 m during the 100 m and mean SEE was 4.0 and 1.7%,
respectively. Effect sizes during the 40 m ranged from 0.1 to 1.7 m
with qualitative interpretations of these differences ranging from
trivial to large. Similar findings were observed during the 100 m (ES
range; 0.1–1.4 m; trivial to large). Conversely, using method A,
during the TSSC, the device overestimated TD by 0.2 6 1.2 m, yet
there were small effects (ES 5 0.28 m), and SEE was good (1.0 6
0.3%). Independent of VZ, the average magnitude of the effect size
during the 40-m taskwasmoderate (ES51.1), andduring the 100-m
task, it was moderate (ES 5 0.8). Independent of VZ, the average
reliability (CV) during the 40 and 100 m was 4.2 and 1.7%, re-
spectively, and CV during the TSSC was 1.0%.

For the calculation using the initiation and final movement based
onGPS start andGPS finish (methodB),MD6SD forTDduring the
101 or 105 m ranged from 0.96 0.6 to 2.36 1.0 m independent of
VZ. Effect sizes ranged from 0.1 to 1.4 m, yielding qualitative inter-
pretations that varied from trivial to large. Independent of VZ, the
average MD indicated that the device overestimated TD by 1.5 6
0.7 m, although the average magnitude of this difference was very
large (ES5 2.9m) and average SEEwas 2.9%.During the TSSC, the
device overestimated TD by 2.2 6 2.2 m and SEE was 1.8%. In-
dependent of VZ,mean reliability (CV) during the 101 or 105mwas
0.7%, whereas CV during the TSSC was 1.8%.

Validity and Reliability for Measuring Velocity (Constant
and Instantaneous)

All validity and reliability measures for VelC and VelI during the
40m, 100m, and TSSC are depicted in Table 2. TheMD for VelC

Table 1

Validity and reliability of GPS [device 2 criterion] for total distance.*†

Velocity zone

Validity Reliability

N

Mean
difference
6 SD (m) %MD

ES (90% CI) (m)
qualitative

% SEE
(690% CI)

Error
interpretation N TE (m) % CV

Error
interpretation

SWC
(m)

Total distance 40 m (a)

Walk 25 0.1 6 1.1 0.2 0.1 (0.5 to 0.7); trivial 2.6 6 0.9 Good 25 0.8 (0.5 to 1.0) 2.6 Good 0.2

Jog 25 21.0 6 1.2 22.6 1.2 (0.6 to 1.8); large 3.0 6 1.0 Good 25 0.8 (0.56 to 1.11) 3.0 Good 0.2

Run 26 21.5 6 1.2 23.7 1.7 (2.3 to 1.1); large 3.04 6 1.0 Good 26 0.9 (0.58 to 1.14) 3.1 Good 0.2

Sprint 24 22.8 6 3.0 26.9 1.3 (0.7 to 1.9); large 7.5 6 2.5 Mod. 24 2.1 (1.40 to 2.82) 8.0 Mod. 0.6

Total distance 100 m (a)

Walk 26 1.1 6 1.1 1.1 1.4 (0.8 to 2.0); large 1.2 6 0.4 Good 26 0.8 (0.6 to 1.1) 1.2 Good 0.2

Jog 25 20.1 6 1.6 20.1 0.1 (20.6 to 0.5); trivial 1.6 6 0.5 Good 25 1.1 (0.8 to 1.5) 1.6 Good 0.3

Run 25 20.7 6 1.4 20.7 0.7 (0.1 to 1.3); moderate 1.4 6 0.5 Good 25 1.0 (0.7 to 1.3) 1.4 Good 0.3

Sprint 25 22.3 6 2.6 22.3 1.2 (0.6 to 1.8); large 2.6 6 0.9 Good 25 1.9 (1.3 to 2.5) 2.7 Good 0.5

Total distance 101

and 105 m (b)

Walk 26 2.3 6 1.0 1.3 3.2 (2.3 to 4.0); very large 1.0 6 0.3 Good 26 0.7 (0.5 to 1.0) 1.0 Good 0.2

Jog 26 1.3 6 0.6 1.3 3.8 (2.9 to 4.7); very large 0.6 6 0.2 Good 26 0.4 (0.3 to 0.6) 0.6 Good 0.1

Run 26 1.0 6 0.5 1.0 2.5 (1.8 to 3.2); very large 0.5 6 0.2 Good 26 0.4 (2.7 to 5.3) 0.5 Good 0.1

Sprint 25 0.9 6 0.6 1.0 2.3 (1.6 to 3.0); very large 0.5 6 0.2 Good 25 0.4 (0.3 to 0.5) 0.5 Good 0.1

Total distance

(TSSC)

Multizone (a) 23 0.2 6 1.2 0.2 0.3 (20.3 to 0.9); small 1.0 6 0.3 Good 23 0.8 (0.5 to 1.1) 1.0 Good 0.2

Multizone (b) 23 2.2 6 2.2 1.8 1.4 (0.8 to 2.1); large 1.8 6 0.6 Good 23 1.5 (1.0 to 2.0) 1.8 Good 0.4

*ES5 Effect size; TE5 Typical Error; MD5Mean difference; CV5 Coefficient of variation; SEE5 standard error of the estimate; SWC5 Smallest worthwhile change; GPS5 global positioning system; CI5
confidence interval; CV 5 coefficient of variation; SWC 5 smallest worth-while change; TSSC 5 team sport simulation circuit.

†(a) Validity and reliability of GPS device based off initiation of movement and timing gates. (b) Validity of GPS device based off initiation of GPS movement and end of the GPS movement. Absolute mean

difference6 SD. Standard error of the estimate of linear running task at different locomotions and distances is shown by percentage difference (690% CI) between the reference distance and GPS distance to

indicate bias and standard deviation (690% CI) of the percent difference between the known distance and the GPS recorded distance for each trial.
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Table 2

Validity and reliability of GPS [device 2 criterion] for instantaneous and constant velocity.*†

Velocity zone

Validity Reliability

N
Mean

difference 6 SD (m·s1) MD (%)
ES (90% CI) (m·s1)

qualitative SEE (690% CI) (%)
Error

interpretation T-test p N TE (m·s1) CV (%)
Error

interpretation SWC (m·s1)

Constant velocity (40 m)

Walk 24 20.1 6 0.0 1.3 0.1 (20.7 to 0.7); trivial 1.4 6 0.4 Good 0.165 24 0.07 (0.05 to 0.09) 1.15 Good 0.02

Jog 28 0.0 6 0.1 21.2 0.0 (20.6 to 0.5); trivial 2.5 6 0.8 Good ,0.001* 28 0.07 (0.05 to 0.09) 4.91 Good 0.02

Run 30 20.7 6 0.1 22.4 0.5 (21.0 to 0.1); small 1.7 6 0.6 Good ,0.001* 30 0.37 (0.26 to 0.48) 0.67 Good 0.11

Sprint 26 20.7 6 0.2 25.7 0.5 (21.0 to 0.1); small 2.6 6 0.8 Good ,0.001* 26 0.33 (0.22 to 0.43) 0.50 Good 0.09

Constant velocity (100 m)

Walk 26 20.0 6 0.1 22.9 0.2 (20.4 to 0.7); trivial 3.3 6 1.1 Good ,0.001* 26 0.01 (0.01 to 0.02) 1.06 Good 0.01

Jog 25 0.0 6 0.1 21.0 0.1 (20.6 to 0.5); trivial 5.0 6 1.5 Good 0.01* 25 0.05 (0.03 to 0.06) 2.01 Good 0.01

Run 25 20.1 6 0.5 210.3 0.2 (20.7 to 0.4); trivial 7.0 6 2.1 Mod. ,0.001* 25 0.06 (0.04 to 0.08) 0.72 Good 0.02

Sprint 25 20.4 6 0.5 212 1.3 (21.9 to 20.7); large 6.0 6 1.9 Mod. ,0.001* 25 0.13 (0.09 to 0.18) 0.45 Good 0.04

Instantaneous velocity (100 m)

Walk 22 20.1 6 0.1 25.7 0.7 (21.3 to 20.1); moderate 7.9 6 2.8 Mod. 0.001* 22 0.09 (0.06 to 0.13) 1.38 Good 0.03

Jog 26 0.0 6 0.4 1.0 0.0 (20.5 to 0.6); trivial 12.3 6 4.0 Poor 1.000 26 0.27 (0.18 to 0.36) 12.86 Poor 0.08

Run 24 20.1 6 0.6 21.5 0.1 (20.6 to 0.5); trivial 9.9 6 3.3 Mod. 0.456 24 0.42 (0.28 to 0.57) 6.59 Moderate 0.12

Sprint 25 0.1 6 0.3 1.2 0.2 (20.3 to 0.8); small 2.9 6 0.9 Good 0.088 25 0.18 (0.12 to 0.24) 2.43 Good 0.06

Instantaneous velocity (TSSC)

Sprint 23 0.4 6 0.3 5.3 1.0 (0.4 to 1.6); moderate 4.7 6 1.6 Good ,0.001* 23 0.28 (0.19 to 0.37) 5.17 Moderate 0.07

*ES5 Effect size; TE5 Typical Error; MD5Mean difference; CV5 Coefficient of variation; SEE5 standard error of the estimate; SWC5 Smallest worthwhile change; GPS5 global positioning system; CI5 confidence interval; CV5 coefficient of variation; SWC5 smallest worth-

while change; TSSC 5 team sport simulation circuit.

†Validity and reliability of GPS device based off known instantaneous velocity and constant velocity at different velocity bands and distances. Absolute mean difference6 SD. Standard error of the estimate of linear running task at different locomotions and distances is shown by

percentage difference (690% CI) between the reference distance and GPS distance to indicate bias and standard deviation (690% CI) of the percent difference between the known distance and the GPS recorded distance for each trial.

V
a
lid
ity

a
n
d
R
e
lia
b
ility

o
f
G
P
S
in
S
o
c
c
e
r
(2
0
2
0
)3

4
:1
1

3
0
7
4

C
opyright

©
2020

N
ational

S
trength

and
C
onditioning

A
ssociation.

U
nauthorized

reproduction
of

this
article

is
prohibited.



during the 40 and 100 m, independent of VZ, ranged from 20.7
6 0.2 to 0.0 6 0.1 and20.1 6 0.3 to 0.06 0.1 m·s21, and SEE
ranged from 1.4 to 2.6 and 3.3–7.0%, respectively. For VelC,
effect sizes during the 40 m ranged from 0.1 to 0.5 m·s21 with
qualitative interpretations of these differences ranging from triv-
ial to small. Similar findings were observed for Velc during the
100 m (ES range, 0.1–1.3 m; trivial to large). Independent of VZ,
the average MD indicated the device underestimated VelC by
20.38 6 0.37 m·s21 during the 40 m and 20.14 6 0.20 m·s21

during the 100 m. The average magnitude of the effect sizes
during both the 40m and the 100mwas small (ES5 0.3 and 0.4),
and mean SEE was 2.1 and 5.3%, respectively. Independent of
VZ, mean VelC reliability (CV) during the 40 and 100 m was 1.8
and 3.6%, respectively.

TheMD for VelI during the 100 m, independent of VZ, ranged
from20.16 0.6 to 0.16 0.3 m·s21 and SEE ranged from 2.9 to
12.3%. Independent of VZ, during the 100 m, the average MD
indicates the device underestimated VelI by 20.0 6 0.1 m·s21,
whereas the average magnitude of the effect size was small (ES5
0.3), and the average SEEwas 8.3%. Independent of VZ, average
VelI reliability (CV) during the 100 m was 5.8%. During the first
20m of the TSSC sprint (Figure 1B), the device overestimated VelI
by 0.46 0.3m·s21, themagnitude of the difference wasmoderate
(ES5 1.0), and SEEwas 4.76 1.6%. Reliability (CV) during the
TSSC was 5.2%.

Discussion

The purpose of this study was to examine the validity of a com-
mercially available GPS device (10 Hz) that uses a novel shirt-
based technology for the assessment of TD during linear running
at various velocity thresholds or VZs (using 2 differing methods
of data extraction) and sport-specific movement patterns. Fur-
thermore, this study examined the validity and reliability of the
device in assessing VelC and VelI.

The findings from this study determined that this GPS device
demonstrated trivial to large differences in the magnitudes of ef-
fect with small errors (,5%, good) for TD at various velocities
during 40- and 100-m tasks. One exception to thiswas the 40m S,
where a large difference in the magnitude of the effect and mod-
erate difference in the error (%SEE 5 7.5%) was observed.
Similarly, reliability of the measurement error as indicated by the
%CV during the 40 and 100 m at various velocities was small
(,5%, good) with the exception of the 40m S, (8.0%,moderate).
When comparing the reliability of the GPS device during 100-m
linear running, other studies have reported TD error measure-
ments ranging from CV5 0.4–1.9% in 10-Hz GPS units (23,26).
These error measures are similar to our findings (1.2–2.7% and
0.5–1.0%) for methods A and B, respectively. Indirect compari-
son of measures would suggest that the current GPS device ex-
amined in this study was similar to that of other 10-Hz devices
when measuring 100-m TD. For example, previous research ex-
amining 3 GPS devices (SPI-10 5 25.3 m, SPI Elite 5 22.4 m,
and WiSPI 5 0.6 m; GPSports, Canberra, Australia) from one
manufacturer during the TSSC (9) observed that mean differences
for TD were similar to our findings for both method A (0.23 m)
and method B (2.2 m). In the same study, reliability measures for
the 3 devices were 6.4, 4.0, and 7.2%, respectively, during the
TSSC, which are increased compared with our reliability mea-
sures (A5 1.0% and B5 1.8%). Although there was not a direct
comparison of these devices in our study and there may have been
subtle methodological differences, it would appear that the device

in this study demonstrated increased reliability during team
sport–simulated movement patterns.

When examiningVelC, paired samples t tests indicate that there
are statistically significant differences between the device and the
criterion, indicating that the device overestimated between 0.0
and 20.7 m·s21. Although these differences are significant, it is
important to note that the magnitude of these differences as
measured by the effect size and qualitative interpretation in the
measurement of VelC are trivial to small during the 40 m and
trivial to large in the 100 m. The reasoning for the significant
differences can be best explained by the very narrow standard
deviations surrounding the mean differences. Hence, small dif-
ferences yielded statistically significant differences when com-
paring the device and the criterion. Thus, it is imperative for the
researcher and clinician to understand that although these sta-
tistically significant differences exist, the clinical meaningfulness
of these differences are quite small. When examining VelI, our
study determined that this device demonstrated small-to-
moderate effects related to the magnitude of the difference be-
tween the device and criterion with good-to-poor error reliability
for VelI at all VZs during the 100 m. Although Varley et al. (28)
did not report significant difference between the means for val-
idity compared with the criterion, they too examined the validity
of 10-Hz GPS units in measuring VelI during linear running using
%MD.Varley et al. (28) determined that as velocity increased, the
bias or %MD decreased. We observed similar findings where the
%MD also decreased as velocity increased. However, the pre-
vious investigation observed a reduction in the percent bias
overall in their 10-Hz device (MinimaxX 4.0; Catapult Innova-
tions, Scoresby VIC, Australia) than the device in this study.
These velocity findings are interesting because we observed an
increased SEE of VelC during the 100 m (range, 3.3–7.0%)
compared with the first 40 m (range, 1.4–2.6%) at all VZs, sug-
gesting that with increase distance, there may be increased error,
independent of VZ. Although not statistically supported, VelI
error seems to reduce as the velocity increases, whereas error in
VelC seems to increase as velocity increases. These findings are
similar to one recent study examining the within- and between-
unit reliability of 2 other GPS devices (5). Further research behind
the mechanism or calculation for these differences in error with
increasing speed and velocity are warranted. Alternatively, pre-
vious research examining the accuracy of velocity measures using
laser technology identified that the distribution of errors in
measurement increases with respect to the distance the target
object is from the laser, thus demonstrating that the general
spread of the velocity data increases as the distance from the laser
increases (17). As mentioned in the methods, our laser was placed
beyond the finish line and subjects ran toward the device rather
than away, potentially providing an explanation for the mea-
surement error we observed for VelI in Table 2. The reliability of
the device when measuring Velc was very good with the %CV
never exceeding 5% at any of the VZs. However, during the jog,
we did note that the devices were the least reliable and the same
went for the %CVs during the jog for VelI. We are unable to
provide any potential rationale for this observed value other than
the larger errors that were observed during the jog relative to the
other VZs.

Although both methods of data extraction for TD demon-
strated small error (,5% SEE), with the exception of the 40 m S,
subtle differences were observed between the 2 calculation
methods used for the error and effects reported for TD. Also, SEE
was greatly improved using method B vs. A. However, the ES and
the qualitative interpretation of the magnitude of these effects
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weremuch larger. These findings would suggest that the export of
raw data files for precise TD measures when the TD is known
(methodA)may be necessary for research purposes and that using
GPS start to GPS finish (method B) is less valid and has the po-
tential for larger magnitude-based effects. These contrasting
findings shed light on previously reported methodology and raw
GPS data extraction and clipping/cropping. Frequently, the clip-
ping process is either not stated or vaguely described in previous
studies and clearly the method of data extraction, as is evident in
the current study, can be the difference between reporting valid vs.
invalid and “good” vs. “poor” validity and reliability measures.
Future studies examining the validity and reliability of GPS de-
vices should carefully describe raw GPS data extraction methods
for the purpose of replication. This will assist with cross-device
comparisons for a givenmetric (e.g., TD) as technology improves.

This study was limited in its ability to be applied to sport be-
yond the linear and team sport movements examined in this
study. Certainly, athletes are required to perform linear running
beyond 100 m and with more changes in direction, acceleration,
and deceleration than demonstrated in the TSSC. It is possible
that increased distance may result in improved or worsening
validity and reliability of the device in question. Furthermore,
only one device was assessed during this study; therefore, direct
comparisons with other devices and their reported validity and
specificity are limited because they did not undergo the same
testing battery and conditions. Another potential limitation is in
reference to the physical location of the device on the body
(i.e., chest vs. upper back). This location we chose has the po-
tential to be viewed as a limitation influencing its practicality
given that in most use cases, this device is worn on the anterior
surface of the body. That being said, there is no research to sug-
gest that any of the variables reported would be influenced by
changing the physical location of the device to the posterior aspect
of the body via the shirt mount; thus, we chose to use the shirt
rather than the chest strap. Furthermore, we hypothesized that in
this location, the device would be less likely to slide ormove or fall
off while on the athlete.

Practical Applications

This study assessed the validity and reliability of the shirt-
mounted 10-Hz Polar Team Pro GPS units during linear and
team sport movement patterns. Our findings are critical to be
aware of so that coaches and researchers can self-assess the
validity and reliability of the units they use and themagnitude of
these effects formeasuring distance and speed during linear and
team sport–simulated movements. Our findings determined
that TD data reported by the Polar Team Pro units demon-
strated different findings depending on the method of data
analysis used. One method (method A) demonstrated trivial to
large magnitudes of differences of validity with good reliability
(0.5–2.7%) at all velocities during 100-m linear running,
whereas the other reported very large differences with good
reliability (0.5–1.0%) and similar findings, which were true for
team sport–specific movements. Shorter linear distance (40 m)
at various velocities ranged from trivial to large for validity and
good to moderate (2.6–8.0%) for reliability. Although average
speed data reported by this device overestimated statistically
compared with criterion and themagnitude of those differences
was trivial to large, “good” reliability during linear running
during the 40 and 100 m at all VZs was observed. With the
exception of walking, when measuring instantaneous velocity,

the device was similar to the criterion, and the magnitude of the
effect ranged from small to trivial and the reliabilitywas poor to
good. Coaches can use this technology to evaluate and compare
between and within athletes across multiple training sessions
for the improvedmanagement of player load, optimal recovery,
and periodization. Researchers should be aware of the mea-
surement error of these units when assessing variability of
athletes and sessions for various movement demands. The GPS
data extraction processes and methods when examining the
validity of a device to measure TD can differ by extraction
methodology used; therefore, clear explanation of these meth-
ods are critical to the applicability and interpretation. Finally,
we suggest that the levels of validity and reliability reported
should be taken into account when purchasing GPS systems
and interpreting the movement demands of team sports from
them.
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