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Headline

Individually worn GPS tracking devices have become com-
monplace in professional football (1) to track player per-

formance. However they are restricted to few teams due to
cost and complexity (2). Football activity has been shown to
have many health benefits (3). With an estimated 500 mil-
lion participants worldwide, being able to quantify more of
this populations activity involvement would help inform par-
ticipants and practitioners alike. Any App developed needs
to be validated due to consumer wearable technology being
questioned (4).

Aim.To evaluate a mobile application in a range of mobile
device as a reliable method to gather physical data and to
compare against other tracking devices used in football. Fur-
thermore to evaluate use and comparison with other tracking
devices in a football environment

Methods
Experimental Approach of the Problem.The study was de-
signed in two parts, firstly to validate a range of popular
smartphones (Table 1) both Android and Apple IOS type de-
vices with an application installed that tracks movement that
is available at the APP store and Play store entitled Quantrax
() and a range of GPS tracker type devices; Viper (Stat sports
Newry, Northern Ireland), Playertek (Catapult group Aus-
tralia) Polar (Polar Electro Warwick, UK), Axsys (AxSys per-
formance Canberra, Australia).These all transported over a 20
meter shuttle course to a total distance 200 meter to quan-
tify total distance covered in meters, various speeds in km/hr
classified as walking ≤6.5km/hr, jogging ≥6.6km/hr and an

Table 1. Mean (90% CI) values for perceived fatigue at rest
before (Pre), after the overload training period (Mid) and at
the end of the taper (Post) in both groups.

Smartphone
Brand

Manufacture
details

Year of
manufac-

ture

HTC ONE
HTC corporation

Taiwan
2014

Iphone 5se Apple inc USA 2017

Iphone 5 Apple inc USA 2016

Samsung Fame
Samsung Electronics

South Korea
2013

Samsung Fame
Samsung Electronics

South Korea
2015

Samsung Young 2
Samsung Electronics

South Korea
2015

Fig. 1. Garment pocket for housing of devices

Fig. 2. Pocket displaying a GPS tracker device and smartphone in situ

Fig. 3. Positional heat map performing shuttle test activity

activity positional heat map (fig 3). Secondly a Smartphone
and GPS tracker were tested in a small sided football environ-
ment on all-weather 4th Generation AstroTurf playing surface
small sided football Pitch measuring 36 x 27meters boarded
all round with a goal at each end. Results evaluated for com-
parison of common metrics used in football of total distance
covered, various speeds, maximum speed reached and an ac-
tivity positional heat map.

Athletes. Full time professional football players (n = 10, with
a mean age 19 ± 1.8 years, height 177 ± 6 cm, body mass
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Table 2. Smartphone and GPS tracking device shuttle test.

Walking Jogging

Device
Total
distance
(m)

Total
distance
walking (m)

Total
distance
jogging (m)

Total
distance
running (m)

Max speed
(km/hr)

Total
distance
(m)

Total
distance
walking (m)

Total
distance
jogging (m)

Total
distance
running (m)

Max speed
(km/hr)

HTC one 98.00±3.41 72.17±5.49 24.83±5.27 0.00 6.67±0.52 99.83±2.23 7.83±2.64 45.67±10.56 46.17±8.75 14.17±0.75

Iphone 5 se 95.00±7.81 61.67±6.51 33.33±4.04 0.00 7.00±0.63 91.67±18.77 12.33±8.39 34.00±6.56 45.33±33.38 14.33±0.63

Iphone 5 96.67±2.31 54.33±13.2 41.67±10.6 0.00 6.90±1.00 100.67±3.79 9.67±5.51 53.00±22.07 38.33±30.09 13.60±0.58

Fame a 88.33±9.50 68.33±12.66 20.00±16.37 0.00 7.40±0.41 94.33±9.07 8.67±2.08 41.33±5.13 43.67±16.17 13.67±0.48

Fame b 88.00±7.55 60.33±15.89 28.00±16.09 0.00 6.67±0.78 94.67±8.96 8.33±1.53 39.67±22.74 47.00±28.62 14.25±1.25

Young 2 94.67±4.93 58.33±24.68 36.00±28.83 0.00 6.60±0.58 86.33±5.51 7.33±3.21 42.00±36.72 37.00±34.70 13.12±1.00

Polar 104.63±2.41 74.50±28.45 30.13±30.52 0.00 6.47±0.43 100.70±4.91 8.80±3.36 58.08±11.19 33.82±8.30 14.37±0.34

Viper 99.18±2.15 73.73±15.65 25.44±14.39 0.00 6.50±0.48 100.87±3.04 8.07±2.41 64.57±30.12 28.23±30.37 14.29±0.95

Playertek 97.00±3.46 6.37±0.74 97.00±3.46 13.8±0.78

Axsys 98.09±1.27 67.80±17.69 30.29±18.95 0.00 6.98±0.54 102.16±3.77 8.54±2.18 52.77±11.49 40.85±7.07 14.68±0.64

Data are presented as mean ± SD.

Table 3. GPS tracker device and smartphone tracking in 5 aside football match mean and SD over 4 games

Device
Total
distance
(m)

Total
distance
walking (m)

Total
distance
jogging (m)

Total
distance
running (m)

Total
distance
High speed
running (m)

Max
velocity
(km/hr)

GPS Device 484.83±68.99 83.29±82.88 131.29±46.82 229.82±173.43 39.78±15.85 22.27±190

HTC one 476.88±54.12 100.33±90.61 159.25±65.99 202.25±170.95 15.05±13.17 23.34±1.91

Fig. 4. Comparison of GPS Device and Smartphone in 5 aside football match play over 4 x 5 minute games

77.6 ± 4.3 kg estimated body fat percentage of 7.2 ± 1.2%)
respectively participated in this study. Participants completed
a health screen questionnaire prior to the study, in addition
each participant’s capabilities to participate in physical activ-
ity was assessed by club Doctor and qualified Physiotherapist.

Design. Part 1: Six mobile smartphones with same application
installed and 4 GPS tracking devices. On a clear sunny day on
a hard standing area 2 cones were placed 20 meters apart A
subject carrying all in a purpose built aid that housed all de-
vices, first walked between each cone 5 times turning at each

cone 180°, travelling in total 100 meters. This was then re-
peated at a faster pace to replicate jogging, the test was then
repeated on 2 more occasions and an average for each device
over the 3 sessions was calculated. On completion of the test
each smartphone and device had data collected which was then
cropped in order to only collect data from when performing
the test for later analysis (Table 2).

Part 2: 10 professional football players were grouped into 2
teams of 5, with each team defined by the wearing of a colour
top for each team. A player was then selected from one of
the teams to wear the GPS tracker unit with a smartphone
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in purpose built garment as used in previous tests (fig 2). All
participants were experienced in the wearing of the vests and
units as they wear for all football training as well as Match
play, player wearing the two devices did not complain of any
issues nor did it impede in any way their normal range of
movement or performance from the result of wearing of vests
and fitted units. Play commenced in a 5v5 small sided game
format, 4 x 5 minute periods with 2 minutes rest between
each period. On completion, data was uploaded for analy-
sis. Data was cropped so as to only use the actual in game
data for each 5 minute period. Data collected for analysis from
both devices included: total distance covered measured in me-
ters, Total distance covered at various speeds measured in me-
tres, classified as walking ≤6km/hr, jogging 6.1-12km/hr, run-
ning 12.1-18km/hr, high speed running ≥18km/hr, maximum
speed (km/hr) and an activity positional heat map.

Statistical analysis. Analyses were conducted to determine the
reliability and validity of distances travelled in classified speed
zones. Data was presented as mean ± SD and 95% confidence
intervals. First, to analyse the reliability of the smartphone
app used for measuring the total distances and various speed
zones employed, and to analyse with other types of smart-
phone coefficient of variation (CV) were used. Secondly to
analyse the smartphone app with GPS tracking device for sig-
nificant differences. Third to calculate the concurrent validity,
the bivariate Pearson product moment correlation coefficient
(r) was used.

Results
There were no significant differences between types of smart-
phones in running (partial eta squared: 0) and high-speed run-
ning (partial eta squared: 0) distance, only small differences
in walking (partial eta squared: 0.22) and jogging (partial eta
squared: 0.26) distance and a small difference in total distance
(partial eta squared: 0.35). Furthermore, only trivial differ-
ences in maximum speed were observed (partial eta squared:
0.11). Smartphone app and GPS tracking device in shuttle
runs showed a high degree of correlation (r = 0.94-0.99) and
in match play (r = 0.90-0.99).

Discussion
The major findings of this study support studies that reported
that a smartphone application can reliably monitor physical
activity (5,6). This present study has gone further than pre-
viously published work in the area by assessing the validity
and reliability across a range of smartphones, on what differ-
ences there are and comparison with a range of current GPS
tracking devices used in sport and in a sport specific envi-
ronment. In keeping with results in previous studies (7) the
present study found that GPS tracking type devices are a re-
liable and valid method in quantifying physical activity, but
with varying levels of accuracy (8).

The use of smartphone technology to measure physical ac-
tivity is nothing new as there has been objective studies that
support the use of in this way and reported that these were re-
liable and valid (9). Therefore with smartphones, along with
GPS tracker devices, continually developing more advanced
hardware and sensors (10,11), this method will only become
more able to better report more types of physical activity in
addition to those detailed within this present study. By not
having the need for additional technology, other than the in-
stallation of a suitable application, makes a compelling argu-
ment for the smartphone to be used as a reliable alternative

or to supplement GPS tracker devices already in use. The
latter of these being of value where team systems are used
and not allowing for individual training sessions away from a
centralised hub.

Football continues to increases in popularity recent esti-
mates that over 500 million worldwide participate (3). The
UK alone has over 11 million registered participants (12) at
various levels from recreational to Elite level. There has been
a large numbers of studies that have identified the physical de-
mands imposed at the Elite 11 aside level (2, 13) yet there is
still very little known in comparison to other formats and lev-
els across the participation landscape. Small sided football is
one of the most popular formats of the game as it is employed
across the football landscape (14). Elite level teams use it as
a tactical and physical conditioning training tool and there is
evidence that it is utilised at all levels (15). In a recent survey
it was reported that there are over 1.5 million adults partici-
pating in England each week and over 30,000 registered teams
(14). It is estimated that number has increased due in part to
the growth of numerous facilities housing commercial leisure
leagues. One example of the many commercial enterprises
promoting this type of football in the UK has over 400 venues
with in excess of 5,000 registered league teams and over 70,000
regular users. There has been some studies that have looked at
physical activity in non-elite football (3) these conclude that
whilst participation does improve health there is a need for
quantitative data to better understand the activities involved
and the exact health benefits (16). Using the same software
application for both GPS tracker device and smartphone al-
lowed for consistency in the present study in the presenta-
tion of data resulting in better reliability (17) in reporting on
the different speed zones when comparing GPS tracker device
to smartphone. Previous studies have highlighted significant
differences across different methods and systems provided to
track movement specifically in football (18).

Practical Applications
� Having this ability to easily monitor physical activity en-

ables more people to engage in physical activity related to
football (19).

� Increased motivation from engagement of fans in smart-
phone applications has been shown to have health benefits
(20).

� The capability to more accurately measure and the capacity
to report on more physical activity in diverse populations
can help health organisations and governing bodies to bet-
ter understand participation (21).

� A simple and affordable method (being free) to quantify
physical activity and help coaches and practitioners to be
better informed.

Dataset
Dataset available on SportPerfSci.com
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