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Headline

Due to the importance of neuromuscular qualities (i.e.
strength and speed) for soccer players (1), training and

monitoring these keys variables is crucial. Recently, force-
velocity profiling has been developed in order to accurately
assess the ability of a player to produce horizontal force (2).
To calculate the profile, practitioners need to use several de-
vices such as a radar gun or timing gates prior to computing
the data in a specifically designed spreadsheet. However, in
the context of an elite sport environment, time is scarce and
it may be difficult for practitioners to allocate specific testing

Fig. 1. An example of two GPS signal from the same sprints are shown for

open-field and in stadium

sessions (3) that can last up to 90 min to test 25 players and
an equivalent time to process and analyse the data.

The use of micro technology such as Global Positioning Sys-
tem (GPS) devices could partially solve this problem as the
technology becomes more accurate. While the potential of
GPS devices to assess force-velocity profiles seems promising,
the reliability of this approach is yet to be investigated.

Therefore, the aim of the present study was to assess the
reliability of force-velocity profile key variables (F0, V0 and
maximal Power) assessed via GPS.

Method
Participants. Four recreational athletes were recruited for this
study. Local institution ethics clearance was obtained, and
this study conformed to the recommendations of the Declara-
tion of Helsinki. Written informed consent of all participants
was obtained prior to the beginning of the study. To ensure
confidentiality, all performance data were anonymized.

Study Design. A between-devices reliability protocol was con-
ducted to assess the reliability of force-velocity profile derived
from the GPS signal during maximal sprint running. Each
testing session consisted of a 10-min standardized warm up
followed by a force-velocity profile assessment (40m sprint at
90-100% maximal speed). Similar to the design used in a
precedent study (4). The session was replicated in two loca-
tions: 1) open field pitch (Marcoussis, France) and Stadium
(Stade de France, Saint Denis, France) to ascertain the poten-
tial effect of stadium structure on GPS signal.

Force-velocity profile testing and data processing.Partici-
pants wore the GPS units (Apex, StatSports, Dublin, Ireland)
in a specifically designed vest allowing the GPS units to be sit-
uated side-by-side 10cm apart. Regarding the force-velocity
profile assessment, participants performed 3 sprints over 40 m
interspersed by 10-min of passive recovery. Players began each
sprint from a static standing start position and were instructed
to run between 90-100% of their maximal speed.

36 pairs of sprints per location were analysed. Data pro-
cessing of the force-velocity profiles were performed using R
(Version 4.0.2, R Foundation for Statistical Computing) using
a custom built R script (5). Three variables were used for the
reliability analysis:

1) maximal horizontal force (F0 [N.kg-1]) corresponding to
the maximal force output (per unit body mass) in the hori-
zontal direction; 2) theoretical maximal velocity (V0 [m.s-1])
defined as the sprint-running maximal velocity capability of
the athlete and 3) maximal horizontal power (Pmax [W.kg-
1]) representing the maximal power-output capability of the
athlete in the horizontal direction (per unit body mass) during
sprint acceleration (2).

Statistical analysis
All data were first log-transformed to reduce bias arising from
non-uniformity error. The between devices reliability of the

sportperfsci.com 1 SPSR - 2020 | Jul. | 115 | v1



Force velocity profiling with GPS: is it reliable?

Fig. 2. Between-device linear regression are provided for F0, V0, Pmax for each condition (open field vs in-stadium).

Table 1. Between devices reliability analysis for force-velocity profile related variables.

Condition Open Field pitch In-Stadium

F0 (N.kg-1) V0 (m.s-1) Pmax (W.kg-1) F0 (N.kg-1) V0 (m.s-1) Pmax (W.kg-1)

Standardized
(TE 90%CL)

0.25 ± 0.05 0.26 ± 0.05 0.16 ± 0.03 0.30 ± 0.07 0.30 ± 0.07 0.29 ± 0.07

TE as CV
(CV[%] 90%CL)

5.6 ± 1.2 2.0 ± 0.4 4.3 ± 0.9 7.8 ± 1.8 7.6 ± 1.8 6.6 ± 1.5

Intraclass
Coefficient
(90%CL)

0.95 ± 0.03 0.94 ± 0.03 0.98 ± 0.0.1 0.92 ± 0.05 0.92 ± 0.05 0.93 ± 0.05

TE: Typical Error; CV: Coefficient of Variation; SWC: Smallest Worthwhile Change; Cl: Confidence Limits.

force-velocity profile was assessed by calculating the typical
error of measurement expressed as a coefficient of variation
(CV, 90% CI), standardized typical error (TE) and intraclass
coefficient (ICC) with a specific spreadsheet (6).

Results
The reliability results for force-velocity profile variables are
summarised in Table 1. The linear regressions assessing the
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between device and stadium reliability are presented in Figure
1.

Discussion
In this study, we showed 1) trivial-to-small typical error and
good-to-very good between device intraclass coefficients for
both conditions and 2) slightly better reliability in open-field
environment (pitch) compare with stadiums. These results are
promising and open up new possibilities for staff wishing to
assess force-velocity profiles more frequently in practice.

Overall, trivial to small standardised typical error for V0,
F0 and Pmax were observed in both locations (Table 1). This
is the first study verifying inter-unit reliability of force-velocity
profiles measured by GPS. Previous research identified Apex
GNSS models to be reliable when evaluating peak velocity
from 5 to 30 m, partially confirming our results (7). Addi-
tionally, our results are comparable with studies using a radar
gun (8) and timing gates (9), confirming the potential of GPS
devices to assess force velocity profiles.

Secondly, we checked if the results were consistent across dif-
ferent locations (i.e. open-field vs in-stadium) (Figure 1 and
2). Compared to the open-field condition, the stadium pre-
sented a slightly lower reliability (Table 1). This suggests the
stadium structure (i.e. roof and metallic architecture) can af-
fect GPS signal quality and therefore the testing environment
should be taken into account to ensure the highest quality of
data is obtained. As TE decreases by a factor of

√
n (10),

we would recommend increasing the number of trials to im-
prove the signal-to-noise ratio and in turn the ability to detect
changes in performance in-stadium. However, practitioners
can remain confident that GPS devices are reliable for the as-
sessment of force-velocity profiles recorded from in-stadium or
open-field pitches.

Overall testing physical qualities is time consuming espe-
cially in elite team sport environments where testing oppor-
tunities are scarce as time to train is already limited. These
findings are very important for practitioners who want to as-
sess force-velocity profiles routinely but are constrained due to
training schedules. Indeed, the present methodology allows for
the testing of a full team within a training session (e.g. 2*40m
sprint altogether at the end of a warm-up) instead of the usual
90 min required using traditional methods (e.g. timing gates,
radar gun). However future research should investigate the va-
lidity of the outcome variables against a radar gun in addition
to using elite populations to confirm that such approaches can
be implemented in practice.

Practical Applications
• Between-device standardised TE of key force-velocity pro-

file variables (F0, V0, and Pmax) is trivial to small suggest-
ing that force-velocity profiles can be assessed from GPS
instead of radar.

• While we recommend the evaluation of force-velocity pro-
files is performed in an open-field area to ensure the highest
data quality, in-stadium data reported good reliability.

Limitations
• While we have demonstrated good between-device reliabil-

ity, investigation of the concurrent validity with a radar
gun is required.

• The data were collected from recreational athletes. Data
collected with elite players is necessary to see if the re-
liability of the test/procedure allow to detect meaningful
changes (smallest worthwhile change) in elite athletes.

Twitter: Follow Mathieu Lacome @mathlacome, Cameron
Owen @Camowen94 and Cedric Leduc @CLeduc13
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