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Abstract - aim: This systematic review aimed to evaluate various Global Navigation Satellite Systems (GNSS)
receivers, based on the frequency applied, the number of satellites available, and the dilution of precision (DOP)
presented to measure football player load control. Method: The systematic review followed the PRISMA
recommendations. Four hundred and eighty-five articles were selected from two online databases (Scopus and ISI
Web of Science) over five years, with 21 studies selected for this review. In these studies, the GNSS frequency
ranged from 5 to 18 Hz, with 10 Hz as the most commonly used frequency. Results: Of the 21 selected studies,
20 presented the ideal horizontal dilution of precision (HDOP), and the number of satellites available varied from
5 to 20. There was no consensus on defining speed, acceleration, or deceleration zones. Conclusion: There was no
uniformity in data collected from the devices. Most GNSS receivers do not adopt the international system of units (SI).
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Introduction

Load control in training sessions and games is an essential
strategy for reducing injuries and optimizing performance in
football'. When quantifying athlete loads, it is possible to ob-
serve the amount of activity performed (athlete external load) as
the primary determinant for individual physiological responses
(athlete internal load)?.

Standard load control parameters have become part of the
everyday life of football clubs around the world?, considering
that since 2015 the International Football Association Board has
allowed the use of wearable technologies during official matches.

Thus, quantifying the external loads in football includes
evaluating the distance, speed, accelerations, and decelerations
performed by the athlete, as well as the exposure time for each
measured variable’. These external loads can be determined with
the aid of electronic tracking systems divided into 1) outdoor
positioning systems (OPS); 2) local positioning systems (LPS);
and 3) image-based systems®.

Through OPS, the Global Navigation Satellite System
(GNSS) calculates the athlete’s position through trigonometry
between satellites. The accuracy of the information depends
on factors such as the number of satellites connected to each
device and the dilution of precision (DOP), which provides a
measurement of the GNSS signal accuracy, determined by the
position of satellites in the sky®.

The satellites that are further away in the sky, provide the
lowest error triangulation, and, consequently, lower DOP, while

the closest satellites result in significant error triangulation, with
a higher DOP. If more than four satellites are used, a three-di-
mensional location is calculated’.

GNSS systems establish autonomous geospatial positioning
through the use of artificial satellites. In this sense, the US global
positioning system (GPS) and the Russian Global Navigation
Satellite System are considered fully operational and of global
reach (GLONASS)®.

In addition to the technological development and the enor-
mous amount of research using GNSS devices”!?, the extensive
use of this technology deserves further scientific research deepen-
ing the analysis of the validity and reliability of the system used.

However, in general, sports studies using devices with GNSS
technology only observe and provide contributions to the behav-
ior of the variables collected''? disregarding the technological
implications for data accuracy. As such, several review studies
have failed to address the satisfactory form of the number of
satellites that are closely linked to data quality, and also lack
analysis of variations in units of measurements and the data
analysis methods used. Nevertheless, the studies by Rago et al."
provide an information basis on which to compose this review.

Thus, this systematic review aimed to evaluate the different
types of Global Navigation Satellite Systems (GNSS) receiver
that exists on the market as GPS based on the applied sampling
frequency, the number of satellites available, and the dilution of
precision (DOP) presented to measure load control in football
players. The data analysis methods used on the GPS variables
measured will also be observed.
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Methods

A systematic review of the literature available on two online
databases on the load control of football players using a Global
Navigation Satellite System (GNSS) to measure the training
loads or games was carried out. The study was approved by
the Research Ethics Committee of the Pedro Ernesto University
Hospital (Hospital Universitario Pedro Ernesto - HUPE) of
the Rio de Janeiro State University (UERJ) under number
10529119.8.0000.5259.

Studly Design

This systematic review was conducted according to PRISMA
guidelines (Preferred Reporting Items for Systematic Review and
Meta-analysis)'*. The searches were conducted on two interdisci-
plinary electronic databases (Scopus and ISI Web of Science) to
identify articles over a period of five years (January 2015 to December
2019). The final search of the databases was conducted on December
20" 2019. The related search terms were: Soccer, Football, Load
Control, Monitoring Load, Player load, Training Load, Matches
Load, Global Position System, GPS, and Wearable Technology. The
search method uses Bibliometrics, and Boolean operators ‘AND’
and ‘OR’between terms to construct the final search phrase. Thus,
485 articles were identified, of which 74 were excluded for repetition
and 390 papers were outside the scope of the study.

Study Eligibility

All results in the electronic search were initially exported to
Mendeley® Desktop software. The identification of eligible studies
followed a three-step process: (1) duplicate studies were removed,;
(2) studies that were out of scope were excluded after the title and
abstract screening; if an assertive decision could not be made in this
phase, the studies remained; and (3) the final stage was completed
by three independent researchers and involved the removal of the
studies by the exclusion criteria after complete screening of the text.

The eligibility criteria were based on the PICOS model in accor-
dance with the PRISMA statement'*. Study design: observational.
Participants: competitive athletes (defined as university students,
college, international, professional, experienced, semi-professional,

Table 1 - Risk of bias
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national athletes). Interventions: external training load monitoring.
Timing: minimum one day Setting: professional football.

The present study adopted the following inclusion criteria: 1)
Written in English; 2) The study was published as original research
in a peer-reviewed journal; 3) Data reported only for football; 4)
The sample consisted of competitive athletes, and 5) The use of a
global navigation satellite system (GNSS) is mandatory.

The present study adopted the following exclusion criteria: 1)
Impossible to download; 2) Gender not reported; 3) Did not involve
competitive athletes; 4) Included other sports, even if reported along
with football; 5) GPS indicators not in accordance with the Malone
et al.? classification; 6) Case studies, editorials, reviews, technical
reports and inquires.

Bias Analysis

The quality of the studies was evaluated through the risk of bias,
using the procedures adopted by Saw, et al.'s, as shown in Table 1.
The study evaluations were applied by two independent, qualified
researchers. In the case of dissenting assessments, the opinion of a
third researcher was requested to make the final decision.

The scores were assigned based on the extent to which each
criterion was met, up to a maximum possible score of 8 (low risk
of bias). Studies with a risk of bias score equal to or less than four
were considered inadequate and were excluded. Once the studies to
be included had been selected, a review of the reference lists!® was
carried out to identify additional peer-reviewed studies.

Data Extraction

After meeting the eligibility criteria for inclusion, the data
from the selected articles were organized on a personalized
spreadsheet, Microsoft® Excel version 16.31 for Mac. However,
according to recent recommendations from Malone et al.” and
Varley et al.', only articles that presented the records and de-
tails of the device brand and model, data acquisition frequency
(Hz), number of satellites, horizontal dilution of precision
(HDOP), and software used for data acquisition, were analyzed
and included in this review (Table 2). For further analysis, we
identified the statistical tests used by the authors of the studies
for comparison purposes.

Scoring
Criteria Definition
0 1 2
A Peer-reviewed A study published in a peer-reviewed journal No Yes
B Number of participants Number of players included in study findings <5 5-50  >50
C  Population defined Age, gender, sport, participation level, and experience stated No Partly Yes
D  Training or competition load described Training or competition is undertaken during the study period No Partly Yes
E GPSuse The use of GPS was described No Yes

Adapted from Horsley et al. (2009)'3
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Table 2 - Effect of dilution of precision

HDOP Level Quality / Signals Description
<1 Ideal i} Maximum accuracy possible all times
1-2 Excellent f Accurate measurements
2-5 Good = Measurements with appropriate precision
5-10 Moderate = Moderate quality recommended fixing
10-20 Weak U Consider discarding all data
>20 Poor A Very low accuracy, errors can be found at around 300m

Adapted from Moen (1997)" and Wu et al (2012)%.

Results

Overview of the Studies

A systematic search was performed on the Scopus and ISI
Web of Science electronic databases using time filters, publi-
cation type, and language, with the most recent update being
in December 2019. Descriptors in Health Sciences (DeCS)
and Medical Subject Headings (MeSH) were used. The search
phrase was developed with the Boolean operators [OR] (between
synonyms) and [AND] (between descriptors).

Initially, 485 records were identified. After removing du-
plicates (first screen), exclusion by title (second screen), and
exclusion by abstract or full text, 342 studies met the inclusion
criteria. During the screening of the full text, the main reasons
for exclusion were: 1) Impossible to download the article; 1T)
Gender uninformed; III) Other sports different from football;
IV) GPS indicator not in accordance with the Malone et al.’
classification; V) Different technologies that used GPS; and IV)
Unoriginal studies (case study, editorial, review, or technical
report), resulting in a total of 21 studies being included (Figure 1).

Description and quality of the studies

The studies were published from 2015 to 2019 in different
leagues with different age participants. Of the 21 studies, 14
were performed with male football players, five with female
football players, and one study included both genders. The most
significant number of publications occurred in 2018 with 11,
while 7 articles were published in 2019, prior to which numbers
were small, with one study in 2015 and two in 2017. Among the
21 selected studies, the average score on the risk of bias was
6.9, with no article reaching the maximum score of 8 points.

The deficiency presented was the non-inclusion of the age
of the 45 athletes involved in the study by Trewin et al.’®, in
which researchers only reported that the athletes were part of a
senior national team ranked in the top 10 in the world. Also, the
duration of certain studies was omitted. Madison et al.”® portray
their sample as semi-professional football players, and Scott and
Lovell? presented a provisional team for the FIFA women’s world
cup, which can be seen in greater detail in Table 3.
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The results presented in Table 4 demonstrate that among the
21 studies selected, data from the GPS were collected from at
least one day of training up to two full seasons. Thus, the studies
demonstrated that 75% carried out their investigations based on
training, with some studies occurring during the competitive
period of the athletes, while 25% used official matches for data
collection. None of these studies included data from goalkeepers,
and the studies by Knight et al.?’ and Trewin et al.'® did not limit
the time taken to acquire GPS data for their studies.

In the selected studies, the control of external load mainly
in training on the physical conditioning of the athletes (~ 38%)
is highlighted, either in the control of the activities proposed
by the physical trainer or by physical tests applied for the
specific use of the presented study. Applications in competitive
games or official games are present in ~ 47% of the studies
presented (Table 4).

GPS Variables

For ~ 66% of the studies, the total distance and sprinting
represented the control of training volume. Even with diver-
gences found in classifying the variables related to distances
within specific speed ranges, we find that the variables of Very
high-intensity (~ 28%) distance and High-intensity distance
(~ 52%), and variables with low-speed intensity, are mainly
used by the authors. Standing distance, walking distance,
jogging distance, running distance, and fast running appeared
little in the studies.

Of these studies, ~ 33% also used the total number of ac-
celerations for the same purpose, and only ~23% used the total
number of decelerations. Thus, it is worth noting that the studies
diverged on how to quantify the loads related to accelerations
and decelerations. As such, only four studies used a specific
definition for acceleration and deceleration zones, calling them
high intensity, moderate intensity, and low intensity.

Ten of the articles selected in this study were also concerned
with some kind of control of the internal load of the athletes during
the execution of the activities and their correlation with the exter-
nal load data acquired with the aid of GPS. About ~ 33% of the
studies used HR for this control, ~ 14% used the RPE scale, ~ 9%
measured the athletes’ oxygen volume, and ~ 4% assessed lactate
concentration in the blood.



Variables such as Peak Speed, Average Metabolic Power,
Average Speed, Maximum Acceleration, Relative Velocity, and
Player Load were also found, but with a poor representation
for external load control for the authors. Thus, in 47% of the
studies, the authors expressed concern.

GPS Information

Catapult® is the company that supplied most of the equip-
ment for measuring data. About ~ 80% of the articles found in
this study used equipment from this company, and its Minimax
model represents ~ 42% of use, surpassing the most recent
Vector models, which do not appear in any of the studies, and
the OptimEye line, which was used in ~ 28% of the studies.

The frequency of data acquisition was mostly 10Hz, with
the presence of one study using a frequency of SHz, and two
studies using the Apex 18Hz device from STATsports®, as
shown in Table 5. It is noteworthy that the accuracy of GPS
devices has been extensively investigated, and has shown
improved precision with a sampling frequency of up to
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10HZ2"?2; there are no additional benefits when increasing the
acquisition frequency®.

Statistical approach

In their statistical development (Table 6), most of the
studies did not use logarithmic transformation on their
database, which is not a problem when using the standard
approach to deal with distorted data. However, four studies
have identified the use of transformation in the database to
better suit the statistical model used.

Logarithmic transformation can reduce data variability
and approximate the data to a normal distribution. If this
approach is used, there are limitations when interpreting the
relevance of the analysis of transformed data to the original
data of interest?.

A total of 28 different statistical models were used in
the studies found in this review. Given the different models
with varying characteristics, it is difficult to make significant
comparisons between the studies.

Web of Science
(n=100)

Scopus
(n=385)

(1) Define search criteria
for the review

(3) First screen, excluded:

(2) Records indentified through

database searching
(All Documents = 485)

duplicate reserch studies
(n = 485)

{5) Second screen, excluded:

(4) Records duplicate
excluded:
(n="74)

Tule
(n=411)

(7) Third screen, excluded
Abstract or Full Text

(&) Records title
excluded:
(n=69)

(n=342)

'
(9) Studies included for
systemanc review
(n=21)

(8) Records Abstract or Full Text excluded: (n = 321)
- Impossible download the article (n = 2)

- Gender not reported (n = 16)

= Other team sports (n = 84)

- Not GPS used (n = 52)

= GPS indicator not in accordance to the
classification of Malone et al., (2017) (n = 163)

- Case study, editonals, reviews, technical reports
and iquires (survey) (n = 4)

Figure 1 - The systematic review information flow described by phases according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA).
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Table 3 - Quality Description of the 21 selected studies

Principe et al

Risk of Bias
Authors Gender Pﬁ;ﬁ?i&;i) Context A B C D E  Total
Abbott et al. (2018)* M 46 (19.1 £1.2) U23 Premier League Academy 1 1 2 2 1 7
Abbott et al. (2018)* M 31(19.4+1.7) U23 Premier League Academy 1 1 2 2 1 7
Abbott et al. (2018)* M 19 (18.2+ 1.1)  U21 Premier League Academy 1 1 2 2 1 7
Abbott et al. (2018)* M 37(19.9+1.4) U23 Premier League Academy 1 1 2 2 1 7
Beato et al. (2019)* M/F 20 (21.0+2.0)  University Students 1 1 2 2 1 7
Beato et al. (2018)*° M 15(20.0+1.0)  University Students 1 1 2 2 1 7
Curtis et al. (2018)* M 18 (20 1) NCAA Division I 1 1 2 2 1 7
Fitzpatrick et al. (2018)% M 14 (17.1+0.5) U18 Premier League 1 1 2 2 1 7
Jaspers et al. (2018)°! M 35(23.2+3.7) Netherlands First league 1 1 2 2 1 7
Jones et al. (2019)** M 37 (23 +4) English Football League One 1 1 2 2 1 7
Knight et al. (2015)"7 M 14 (22+4.1)  Australian domestic 1 1 2 2 1 7
Kyprianou et al. (2019)* M 12 (16.3 +0.8)  Elite youth football academy 1 1 2 2 1 7
Madison et al. (2018)'® M 10 (23 +£5) NR! 1 1 2 2 1 7
Massard et al. (2018)* M 23 (21.4+3.8) Australian Tier 2 club 1 1 2 2 1 7
Meylan et al. (2017)% F 20 (18.2+0.7) U20 women’s national team 1 1 2 2 1 7
Park et al. (2019)3 F 27(24.6 £3.8) USA women team 1 1 2 2 1 7
Rago et al. (2019)* M 13 (25.8+3.5) TItaly’s second-tier league 1 1 2 2 1 7
17 (15.6 + 0.5)
Ramos et al. (2019)* F 14 (18.1 £0.8)  Brazilian national teams 1 1 2 2 1 7
17 (27 £4.5)
Ramos et al. (2017)7 F 12 (18+0.7)  U20 women’s Brazilian team 1 1 2 2 1 7
Scott et al. (2018) F 22(21.9t039.5) NR? 11 2 2 1 7
Trewin et al. (2018)" F 45 (NR) NR® 1 1 1 1 1 5

All studies mean 1 1 195 195 1 6.9

M=Male, F=female, NR =Not reported, NR'=Semi-professional football players, NR>=Representing a provisional squad for the 2015 Women’s FIFA World Cup,
NR3*=senior national team ranked top 10 in the world, A: Study published in a peer-reviewed journal (No=0, Yes=1), B: Number of players included in study
findings(<5=0, 5-50=1, >50=1), C=Age, gender, sport, participation level, and experience stated (No=0, Partly=1, Yes=1), D: Training or competition undertaken
during the study period (No=0, Partly=1, Yes=1), E: The use of GPS was described (No=0, Yes=1).
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Table 4 - GPS data duration and application.

Training Session Matches
Authors Duration
PC TeP TP SSG D RC F C o
Abbott et al. (2018)* August 2016 to May 2017 YES
Abbott et al. (2018)* 4 weeks in the pre-season period YES YES YES YES YES YES
Abbott et al. (2018)* 6 weeks in the pre-season period YES YES
Abbott et al. (2018)* 6 weeks in the pre-season period YES YES YES
Beato et al. (2019)% Data recorded in 2018 YES
Beato et al. (2018)* NR YES YES
Curtis et al. (2018)*° 2015 (August to November) YES
Fitzpatrick et al. (2018)% 6 weeks (August-September) YES
Jaspers et al. (2018)*! 2 seasons 2014-2015 and 2015-2016 YES
Jones et al. (2019)* 2 seasons 2015-2016 and 2016-2017 YES
Knight et al. (2015)"7 NR YES YES
Kyprianou et al. (2019)* 8 training sessions per week YES
Madison et al. (2018)'° 4 weeks YES
Massard et al. (2018)* Pre-season YES YES
Meylan et al. (2017)% 34 games YES
Park et al. (2019)3* Games between 2012 and 2015 YES
Rago et al. (2019)* 15-25 training sessions YES YES YES YES
Ramos et al. (2019)* Official international competitions YES
Ramos et al. (2017)7 U-20 South American Championship YES
Scott et al. (2018)? 1-day training camp YES
Trewin et al. (2018)'° NR YES

NR=Not reported PC=Physical Conditioning, TeP=Technical Practices TP=Tactical Practices, SSG=Small-side Games, D=Drills, RC=Replication of
Competition, F=Friendly Matches, C=Competitive Matches, O=Official Matches.
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Table 5 - Device information
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GPS
Authors P
Company Model Frequency N;;‘gle;: HDOP Software
Abbott et al. (2018)* Catapult Minimax 4.0 / GPS 10Hz >12 <1 M1 (ideal quality) Sprint 5.1.5
Abbott et al. (2018)% Catapult OptimEye S5B / GPS 10Hz 15+1 0.8 = 1 M1 (ideal quality) Sprint 5.1.5
Abbott et al. (2018)* Catapult OptimEye S5B / GPS 10Hz 151 0.7 £ 1 1 (ideal quality) Sprint 5.1.5
Abbott et al. (2018)* Catapult OptimEye S5B / GPS 10Hz 14.7+1.8 0.8 £ 0.1 M (ideal quality) Sprint 5.1.5
Beato et al. (2019) STATsports  Apex / multi-GNSS }gg; 1842 0.4+ 0 10 (ideal quality) igii i:g‘z 4
Beato et al. (2018)* STATsports  Apex / multi-GNSS 10Hz 18+2 0.4 £ 0 1 (ideal quality) Apex 2.0.2.4
Curtis et al. (2018)* Catapult Minimax 4.0 / GPS 10Hz 9+3 1.6 £ 1.3 M1 (ideal quality) Logan Plus 5.1.7
Fitzpatrick et al. (2018)*  Catapult Minimax S4 / GPS 10Hz 144+0.5 0.81£0.10 M (ideal quality) Sprint 5.1.7
Jaspers et al. (2018)! Catapult g/[;;lr;né;esg 5//G(I})I§S 10Hz >8 < 1.5 T (excellent quality) Sprint 5.1.7
Jones et al. (2019) Catapult Optimeye X4 /GPS 10Hz >6 < 1.5 1 (excellent quality) Sprint 5.1.7
Openfiel 1.11.2
Knight et al. (2015)"7 Catapult Minimax/ GPS SHz >5 <8 MM (ideal quality) Logan Plus 4.4.0
Kyprianou et al. (2019)*  Catapult OptimEye S5/ GPS 10Hz 12.0+0.0 0.68 = 0.04 11 (ideal quality) Openfield 1.21.1
Madison et al. (2018)'° STATsports ~ Apex / multi-GNSS 18Hz 16 to 20 0.54 +0.20 M1 (ideal quality) Apex 2.1.0.4
Massard et al. (2018)* Catapult Minimax S4 / GPS 10Hz >9 < 1.25 M (ideal quality) Sprint 5.1.7
Meylan et al. (2017)% Catapult Minimax S4 / GPS 10Hz 11.9+1.2 0.96 £ 0.10 M (ideal quality) Sprint 5.1.0.1
Park et al. (2019)* Catapult Minimax S4 / GPS 10Hz 8to 14 > 2.0 (no precision) Sprint 5.1.7
Rago et al. (2019)* QStarz BT-Q1000 EX / GPS 10Hz 14+1 0.7 £0.1 M (ideal quality) NR
Ramos et al. (2019)* Catapult Minimax S5/ GPS 10Hz 12.4+0.5 0.75 + 0.3 M (ideal quality) Openfield
Ramos et al. (2017)7 Catapult Minimax S5/ GPS 10Hz 155+0.5 0.75 £ 0.3 M (ideal quality) NR
Scott et al. (2018)2 Catapult OptimEye S5/ GPS 10Hz 12.7+£0.7 0.90 £ 0.14 M (ideal quality) Openfield 1.14.0
Trewin et al. (2018)" Catapult Minimax S4 / GPS 10Hz 12.1+0.4 0.94 £ 0.04 M (ideal quality) Sprint 5.1

NR =Not reported.
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Table 6 - Statistical approach
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Authors

Methods

Software

Abbott et al. (2018)*

Abbott et al. (2018)*

Abbott et al. (2018)*

Abbott et al. (2018)»

Beato et al. (2019)*

Beato et al. (2018)*

Curtis et al. (2018)*

Fitzpatrick et al. (2018)*

Jaspers et al. (2018)°!

Jones et al. (2019)*

Knight et al. (2015)"7

Kyprianou et al. (2019)*"

Madison et al. (2018)'°

Massard et al. (2018)*

Meylan et al. (2017)3

Park et al. (2019)*®

Rago et al. (2019)*

Ramos et al. (2019)*®

Ramos et al. (2017)7

Scott et al. (2018)?

Trewin et al. (2018)"°

KS, SW, S, K e 2wA

KS, SW, S, K, 2wA e C

KS, SW,W,BeC

KS, SW, S, K, 2wA,Be C

SWeC

BSet-T

WTe TK

LR,PeC

GEE

LMMeC

BeC

TOST

2wA, B, t-Te C

LMM, P, RE ¢ SD

CVeP

KM, GMM, SC, RE e LS

CVeWS

MBeC

MBeC

LMM

CVeSWC

IBM SPSS Statistics 22

IBM SPSS Statistics 22

IBM SPSS Statistics 22

IBM SPSS Statistics 22

IBM SPSS Statistics 20

JASP 0.9.1

R Studio 3.2.5

NR

IBM SPSS Statistics 24

IBM SPSS Statistics 22

IBM SPSS Statistics 19

R (3.4.1)

IBM SPSS Statistics 22

IBM SPSS Statistics 23

NR

IBM SPSS Statistics 23

IBM SPSS Statistics 23

NR

NR

IBM SPSS Statistics 23

MS Excel

*Log-Transformed, NR=Not reported, KS=Kolmogorov-Smirnov, SW=Shapiro-Wilk, S=Skewness, K=Kurtosis, 2wA=Two-way ANOVA, C=Cohen’s,
W=Wilcoxon signed-rank, B=Bonferroni adjustment, BS=Bayesian statistical, t-T=T-test, P=Pearson’s correlation, LR=Linear regression, TOST=Two one-sided
tests, TK=Turkey pos-hoc, GEE= Generalized estimating equations, LMM=Linear mixed model, WT=Welch test, RE=Random effect, SD=Squared differences
post hoc, CV= Coefficient of variation, KM=K-means, GMM=Gaussian mixture model, SC=Spectral Clustering, RE=Random effects, LS=least-squared
difference post hoc, WS=Within-subject correlations, MB=Magnitude-based inference and SWC=Smallest worthwhile change
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Discussion and implications for practice and
research

The present study summarized and analyzed 21 studies related
to the load control of football players, in which ~ 42% of the
selected articles worked with young people < 20 years old. In
the 4 articles by Abbott, et al.>>, the researchers worked with
young male football players from the English Premier League,
as did Fitzpatrick et al.?’. Ramos et al.**3!, used the base of the
Brazilian women’s team.

The risk of bias in these studies was monitored according to
the parameters shown in Table 1 and presented in Table 3 with
an average of 6.9 points, whereby only the study by Trewin et
al.’, did not present the average age of the studied group and
did not present clear explanations regarding the context of the
presentation of the work, as was also the case in the studies by
Madison el al."” and Scott and Lovell®.

Ofthe 21 studies selected and shown in Table 4, data from the
GNSS systems were collected from at least 1 day of training up
to two complete seasons, whereby ~ 76% of the articles carried
out their investigations based on training, with some studies
occurring during the competitive period, and ~ 23% only using
official game data, according to Table 4. None of these studies
included data from goalkeepers.

In addition, the studies by Abbott et al.?®, Beato et al.*?,
Curtis et al.**, Fitzpatrick et al.”, Jaspers et al.**, Knight et al.?,
Madison et al.", Rago et al.’*, Ramos et al.”” and Scott et and
Lovell® presented some internal load monitoring. The studies
by Fitzpatrick et al.*, Madison et al.'®, and Scott and Lovell
et al.? used heart rate (HR) records as the only control of the
internal load.

Jaspers et al.*! used the rating of perceived exertion (RPE),
using the modified Borg CR-10 scale, and Rago et al.’* used
the RPE using the Borg CR-100 scale. The studies by Beato®,
Curtis et al.*’, and Knight et al.'” used both HR and RPE for
monitoring, with 1 of these studies also using blood lactate
concentration as a form of control.

Thus, Curtis et al.*® also associated the maximum oxygen
volume (VO2 max) as a way of understanding the internal
changes caused by the exposure to external loads and Abbott
et al.** estimated oxygen volume (VO2) through field tests to
assess maximum aerobic speed (MAS), which is strongly cor-
related with VO2 max.

This study has found three different measurements to define
accelerations and two measurements for decelerations. According
to Meylan et al.* and Trewin et al.'’, in women’s football, ac-
celerations are those greater than 2.26 m.s 2. For Fitzpatrick et
al.?, accelerations and decelerations are changed greater than
2 m.s 2, and for Jaspers et al.’!, Madison et al.'"* and Ramos et
al. 272 accelerations are greater than 1 m.s > and decelerations
greater than -1 m.s 2.

Regarding the variables based on speed, ~ 66% of the studies
classify the Sprint variable as predominant for understanding
the intensities of the actions in which the athletes are involved.
However, the selected studies differ in how to classify and
measure this variable. Values of 5.55 m.s ' to 7 m.s "' or 19.98
km.h "' t0 25.20 km.h ' can be found in the studies.
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Two studies present divergent points in their classifications
when dealing with the lowest speeds performed by the ath-
letes. Knight et al. (2015)"” define: Strolling distance (< 0.19
km.h '); Walking distance (0.70-7.00 km.h ' or 0.19-1.94 m.s
1); Jogging distance (7.00-14.40 km.h ' or 1.94-4.00 m.s *');
Running distance (14.40-20.00 km.% ' or 4.00-5.55 m.s '); and
Fast running distance (20.00-23.00 km./ ' or 5.55-6.38 m.s *');
while Curtis et al. (2018)* stipulate: Walking distance (0.00-
7.19 km.h ! or 0.0-1.99 m.s '); Jogging distance (7.20-14.39
km.h ' or 1.99-3.99 m.s -); and Running distance (14.40-21.59
km.h ' or 3.99-5.99 m.s ).

This creates confusion when compared to other authors who
present differing classifications. For Fitzpatrick et al. (2018)%,
speed zones can be divided into distance at very high speed
running (VHSD > 21.00 km.h ' ou 5.83 m.s "), and distance
at high speed running (HSD > 17.00 km.h ' ou 4.72 m.s '),
whereas Abbott et al. (2018)** use VHSD (5.50-7.00 m.s ') and
HSD (4.20-5.50 m.s ™).

Jones et al. (2019) suggest a classification of < 14.40 km.h
" or 4.00 m.s ') denominate distance at low-intensity (LSR),
like Knight et al.'”, who already classified it as below (14.40
km.h "). Rago et al.’> add a moderate zone (distance at mod-
erate-speed running - MSR) with speeds of (14.40-19.80 km.h
1), which was also demonstrated by Jones, et al.’’, with MSR
being less than 4.00 m.s .

There is a lack of standardization of the measurement units,
with kilometers per hour (km.h ') being used in some studies,
which does not respect the International Measurement System
(SI - Systeme international d’unités), which recommends
using meters per second (m.s ') to work with speed-related
measurements. The SI is a systematized and standardized set of
definitions for units of measurement, which aims to standardize
and facilitate the measurements and the resulting international
comparisons. Therefore, the lack of data standardization within
the football context makes it very difficult for most members of
the coaching staff to make correct interpretations?®.

The accuracy of GPS devices has been extensively investi-
gated. Improved accuracy is shown with a sampling frequency of
up to 10Hz'7?* and there are no additional benefits in increasing
the acquisition frequency?.

However, the accuracy of the data depends on many factors
(atmospheric refraction, multipath, ephemeris, and more), among
which, the number of connected satellites and the horizontal
precision dilution (HDOP) have been thoroughly discussed in
studies by Malone et al.” and Varley et al.'”. However, it is worth
mentioning that with the introduction of systems that use more
than one constellation of satellites (GPS, GLONASS, Beidou,
Compass, Galileo), neither the HDOP nor any of the DOPs is
as important as before, since the use of several satellites at the
same time generally leads to a DOP of less than four®*4°.

Approximately 80% of the studies had an ideal HDOP
classification, as shown in Table 5. Only the article by Park
et al.*! presents an HDOP description of greater than 2.0 and
does not relate it to the magnitude of the effect, which makes
it difficult to measure whether the data need to be discarded or
corrected mathematically, according to the definitions of Moen
et al.” and Wu et al.*2,



The studies by Beato et al.?>** use the HDOP values and
number of satellites as the company’s standard. Jaspers et
al.’! reinforce that the values found are in accordance with
the study by Malone et al.’.

The number of satellites found by the receivers is a point to
be analyzed, given that depending on the geographic location
of each study, it can be verified that in the selected studies the
number varied from five to 20 satellites. As such, data acquisition
in most studies was made through the software available with
the devices, whereby only the studies by Ramos et al.?”*® and
Rago et al.*? did not present how the GPS data was acquired.
Despite going against the recommendations of Malone et al.’
and Varley el al."®, it was decided that keeping this study was
reasonable because it is understood that data acquisition was
made through the product software (Table 5).

The most used software for the applications of the sta-
tistical models of the 20 studies was the statistical package
for the social sciences (Statistical Package for the Social
Sciences), better known as SPSS of the International Business
Machines Corporation (IBM). The most common tests were the
Kolmogorov-Smirnov and Shapiro-Wilk normality tests, the
measures of asymmetry dispersion and kurtosis, the bidirectional
analysis of variance (ANOVA), and the size of the effect to
measure the magnitude of the phenomenon, which can be seen
in Table 6. The studies by Kyprianou et al.* and Massard et al.*
sought to escape traditional description by using equivalence
testing through the Two one-sided test (TOST) and grouping
techniques widely used in machine learning, respectively. This,
therefore, demonstrates that data science is not yet standard-
ized in the field of science applied to football. Moreover, few
studies have used intelligent algorithms as an alternative form
of data analysis.

Study Limitations

It is essential to consider some limitations to this review.
In this paper, 21 studies measure the external load from the
use of a GNSS device in both training and matches. There was
no minimum data acquisition period, the description of the
number of satellites and the dilution of horizontal precision
(HDOP) were significant factors for the inclusion of studies in
football®™. Furthermore, it does not consider how to acquire
acceleration or deceleration data. Either these were obtained
through the accelerometer or from the derivation of speed. Thus,
it is also limited by the type of activity developed, the period of
the season, position in the championship, squad characteristics,
weather conditions, and variability of the statistical tests used,
among other situations that can directly interfere with both male
and female athletes.

Conclusion
According to the aims of the study, this review identified

several methodological variations in the presented studies,
with the majority of studies using devices from a single

Load control in football using a GNSS

manufacturer (~ 80% of the studies found) and a frequency
of data acquisition at 10Hz in 18 studies. The number of
satellites presented was within the ideal quality, with HDOP
< 1. However, one study did not demonstrate adequate accu-
racy and two studies showed that the new receiver models
have a superior HDOP.

The lack of inaccuracy in the number of satellites, HDOP,
and the software used to acquire data from the GNSS device
are questionable, given that ~ 14% of the selected studies
are not transparent or do not present this information. The
remaining ~ 85% of the studies presented the average number
of satellites and the average HDOP; however, they do not
show where this information was obtained from.

Regarding the statistical approaches used in the studies, we
also believe that using different models makes it difficult to
analyze and compare the studies, as it does not permit a more
analytical look to compare the findings found in the studies.

More specifically, the lack of classification for uniformity
of speed, acceleration, and deceleration thresholds limits the
comparisons between the studies, as does the non-standard-
ization of the measurement units. Several studies have shown
that researchers classify the zones of speed, acceleration, and
deceleration differently and do not use the SI of measures
as a way to facilitate the interpretation.

Thus, it is clear that the companies that develop GNSS
devices establish the standard they find interesting to the
market, establishing the measurement units they want and
not allowing access to raw data, making standardization
and intelligent acquisition a challenge to data processing.

Moreover, there is a lack of consistent information about
women’s football, whereby only the study by Park et al.*®
(who presented an HDOP without precision) seeks to under-
stand the areas of speed, acceleration, and deceleration for
this context. The other studies with female football players
use areas established in studies with male football players,
which often do not match up to the studied reality.

This review enabled the identification of certain gaps in
the context of load control in football players. These gaps were
mainly observed in the application of load control methods in
(1) male and female goalkeepers; (2) in the development of
speed, acceleration, and deceleration zones relevant to each
studied group (thus not using the standard devices available
on the market); and (3) the use of new technologies to correct
and improve data from GNSS devices.
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