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Abstract

Background: The aims of the present study were three-fold: to (i) analyze between-position differences according to match activity; (ii)
analyze within-position differences according to match halves; and (iii) test the variability of match activity according to both playing
positions and match halves. Methods: This study followed an observational analytic prospective design. 21 elite football players
participated in this study, where 25 league and 3 continental cupmatches were analysed. The differences and consistency of all parameters
in the two halves of the match were analyzed. The distances and metabolic power values of an elite football team were recorded using
an optical camera technology during the observational period. Total distance (TD), walking, jogging, running and high speed running
(HSR) measures were further analyzed. Results: Between-position differences for the overall locomotor measures per minute are present
during both halves, except for walking intensity. Defenders (DF) and midfielders (MF) showed significant within-position differences
between halves for TD (DF: p = 0.000; η2 = 0.127; MF: p = 0.000; η2 = 0.168), for jogging (DF: p = 0.002; η2 = 0.271, and for running
(DF: p = 0.000; η2 = 0.067; MF: p = 0.000; η2 = 0.160). HSR and metabolic power (MP) had greater between-position variability
differences. While, within-position differences were observed only for forwards (FW) during the 2nd half for HSR. Conclusions: The
high-intensity locomotor measures produce higher between- and within-position differences between halves, and the HSR measure have
higher between-position variability during the 1st half of a football match. For those reasons, coaches need to consider the variations that
are present in high-intensity locomotor measures of each position to better adjust training.
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1. Introduction

In modern elite football, the training process requires
that both coaches and practitioners understand not only
the weekly training intensity imposed on athletes, but also
the specific activities produced during the official matches
[1,2]. The training process assumes a relevant importance
not only by considering the individualization prinicple, but
also the role that each athlete has on each field-position
[3]. Thus, a greater understanding of match activities ac-
cording to playing positions and at different moments of a
match (between halves), may improve training adjustments
by regulating the stimulus imposed on athletes according to
their needs [4].

To monitor the player’s match activities, the use of
global positioning systems (GPS) that house inertial mea-
surement units allows coaches to analyze measures that in-
clude two different dimensions: (i) distance-based mea-
sures; and (ii) accelerometry-based measures [5,6]. These
measures can be obtained during both training official foot-
ball matches, which allows to produce an in-depth analysis
of match activities of each athlete among the same team [7].
The most common and important GPS measures to analyze
inmodern football are the following: (i) High speed running
(HSR); (ii) accelerations and decelerations; (iii) sprints and
(iv) high-metabolic power metrics [8,9]. By these means,
both coaches and practitioners may ensure more effective
weekly training doses, that can determine higher levels of
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resilience among athletes in terms of their capacity to cope
with match demands [10].

Recent research has shown that during a profes-
sional modern football match, there are different patterns
of player’s behaviors and activities in different passages
of play [11,12]. Older research has also shown that the
between- and within-halves match intensity suffer signif-
icant changes in elite football [13]. Indeed, it was observed
that during an official football match, professional players
tend to decrease their performance after short high-intensity
actions in both halves, at the beginning of the second half,
and at the final minutes of the match [4]. However, it
is expected that positional differences regarding player’s
activities are present during a match, as they are depen-
dent on the different physical demands and tactical roles
according to each field-position [14]. For example, mid-
fielders and wingers tend to cover greater total distances
and high metabolic distances than defenders and forwards,
in professional football [15]. Also, both midfielders and
wingers seem to produce greater high-intensity accelera-
tions and decelerations than other positions, while wingers
and forwards cover greater HSR distances during profes-
sional football matches [16,17].

Lago-Penas et al. [18] analyzed the between-halves
and between-position differences in football match activi-
ties of 127 professional football players during 18 Spanish
premier league matches. The authors found that there are
no significant differences between halves in distances cov-
ered at submaximal and maximal intensities [18]. A more
recent study conducted on 23 professional football players,
revealed that the differences between the first and second
half increased as the duration increased for the overall ex-
ternal match intensity measures analyzed [19]. Although
there is extensive research regarding between-halves and
between-position differences in football match activities,
there is a lack of studies focusing on within-position dif-
ferences according to match halves. In fact, the majority
of the studies examining football match activities, analyzed
the between-match running activities considering the whole
team and/or the between-position differences considering
only the total match [20]. To the best of our knowledge,
only two studies analyzed the locomotor activities during
games for each position, groups of players and team average
[13,21]. However, one of the mentioned studies focused
more on the acceleration and deceleration profiles [21]. The
within- and between-playing positions heterogeneity during
official matches can be high during both halves [13].

For all the above-mentioned reasons, the aims of the
present study were to (i) analyze between-position dif-
ferences according to match activity; (ii) analyze within-
position differences according to match halves; and (iii) test
the variability of match activity according to both playing
positions and match halves.

2. Materials and Methods
2.1 Study Design and Experimental Approach

This research belongs to one season data of a cham-
pion team in Turkish Super League. The team from which
the data was obtained consisted of elite players.The elite
team from which the data was obtained trained six days
a week. Besides the weekly training sessions, the team
played matches every weekend. Matches played every
weekendwere recordedwith the Sentio Sports optical track-
ing system. This studywas approved by the Ethics Commit-
tee of the local ethics committee. The entire study follows
the Helsinki Declaration for Humanities.

2.2 Data Collection and Measurement
All the data of the team were collected through optical

cameras. The Sentio Sports optical tracking system con-
sists of two cameras with 4K resolution, a notebook and a
Sentio Scope software. It is reported that the Sentio system
provides valid and reliable data in previous studies [22–26].
After the cameras were connected to the computer, Sentio
software made the sharpness adjustment and calibration on
the field image of the cameras and controlled the obtained
data. After the device and software installation, a techni-
cian provided instant control to get the data. In order to
minimize the margin of error in corners and crown points,
the technicians instantly controlled the data flow.

2.3 Data
The dataset contains individual match variables of

football players for the 2019–2020 season from a Turkish
Super League team. Data contains 25 league and 3 conti-
nental cup matches between August 2019 and July 2020.
The distribution of the player positions is defenders (DF, n
= 8), midfielders (MF, n = 9), or forwards (FW, n = 4). The
median games per player are 9 within the range of 2–27, and
a total of 247 individual match observations are recorded.
Only data for the outfield players who played at least 70
minutes in a match are considered in the analysis. Data
has been standardized per minute to eliminate the effect of
played time.

In this paper, four locomotor categories are used ac-
cording to the limitations in the sentio sports optical track-
ing system data. In similar fashion, total distance, walk-
ing (from 0 to 7.2 km/h), jogging (from 7.2 to 14.4 km/h),
running (from 14.4 to 20 km/h), high speed running (>20
km/h) and power are the considered variables for the analy-
sis. All those variables are recorded for the first and second
halves of the matches and the match total.

2.4 Statistical Analysis
The distribution of performance parameters is first

checked with the Shapiro-Wilks test, which suggests nor-
mally distributed variables. The mean and standard devi-
ation are used to report each position’s performance met-
rics in each half. Power Analysis for Repeated Measures
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ANOVA calculated with “WebPower” package in R soft-
ware (R Core Team, New Zealand). The power is com-
puted as 0.81 for sample size 247, three number of groups,
21 measurements, effect size 0.2. Mixed ANOVA anal-
ysis is employed to check whether match activities show
differences in the first half, second half, and total match
for each playing position and to find whether performance
in various positions differs in the different halves of the
matches. If any significant result is detected with the mixed
ANOVA analysis, then the Bonferroni posthoc test to find
the source of difference. Intra-class correlation (ICC) is cal-
culated to find the parameter consistency and reliability for
the measurements made in the repeated matches over posi-
tions. The ICC takes values between 0 and 1, where values
over 0.9 indicate excellent reliability, values between 0.75
and 0.9 indicate good reliability, values between 0.5 and
0.75 indicate moderate reliability, and the values below 0.5
indicate poor reliability [27].

To investigate the effect of match-to-match variabil-
ity for individual players’ coefficient of variation (CV) for
each performance parameter is calculated by dividing the
standard deviation of the parameter by its mean for each
player. The same analysis with the mixed ANOVA analy-
sis is employed again for the CV values of each parameter
with the Bonferroni post hoc test where applicable and pos-
sible differences for the performance metrics among posi-
tions are reported. p values less than 0.05 are considered
significant. All the statistical analysis is conducted in the R
programming language.

3. Results
Table 1 gives the mean and standard deviation val-

ues for match performance metrics for both halves and total
matches among each position. Possible differences among
positions for the first half, second half, and total match are
given with columns F and p. Bonferroni test result is re-
ported in the source of difference column where applicable.

Midfielders’ total distance per minute is significantly
higher than the defenders in both halves and the total match.
Walking distance per minute doesn’t show any differences
among positions. In contrast, jogging showed differences in
the first half and the whole match, where midfielders were
higher than the defenders and the forwards. Midfielders
have higher running per min than both the forwards and de-
fenders in the first halves of the matches, but the difference
is only significant between the midfielders and defenders
in the second half. There is a difference between forwards
and defenders in the high-speed running in the first and sec-
ond halves. Power (W/kg) per minute is significantly lower
in defenders than midfielders and forwards in the first and
second half.

Table 1 also gives another look at the data for the pos-
sible differences with the perspective of the halves. Both
defenders and midfielders have a higher total distance per
minute in the first half than in the second half, whereas there

is no difference between the forwards among the halves. In
the walking per minute, first-half averages for the midfield-
ers and forwards are significantly higher than the second
half, where there is no difference for the defenders. In the
jogging per minute and running per minute, defenders and
midfielders have higher averages in the first half compared
to the second half. Forwards don’t differ between halves
in jogging per minute and running per minute. Only de-
fenders showed significant differences at high-speed run-
ning per minute where averages at the first half are higher
than the second half.

Table 2 gives the mixed ANOVA results for the coeffi-
cient of variation of the performance parameters perminute.
After determiningmatch-to-match variability for individual
players with the coefficient of variation, there are only a few
differences among positions. The first difference is in the
high-speed running perminute, where defenders have lower
averages than the midfielders and the forwards. Also, de-
fenders have a significantly lower value than the midfield-
ers in the second halves of the matches for the power.

Table 2 also gives the Mixed ANOVA results for the
coefficient of variation values of the performance param-
eters. Only a few instances show statistically significant
differences. The first difference is the high-speed running
per minute for the forwards, where the second half value is
higher than the first half.

4. Discussion
The main findings of the present study were that there

are positional differences for the overall locomotor mea-
sures during both halves, except for walking. Relevant
within-position differences are present between halves for
DF and MF only for lower intensity speeds. The HSR
showed greater variability than the overall locomotor mea-
sures. Also, significant between-position differences were
mainly present for the HSR variability during the 1st half,
while within-position differences were observed only for
FW during the 2nd half.

Considering the between-position differences for the
analyzed locomotor measures, our findings are in con-
cordance with the study of Di Salvo et al. [13], where
MF players presented significantly higher total distances
than the defenders. Also, the above-mentioned study
showed that the walking measure do not present any signif-
icant between-position differences during a football match,
which is in line with our results [13]. Our study showed
that FW presented the highest HSR per minute in both
halves than DF and MF, although significant differences
were present only between FW and DF. In contrast with
these findings, Di Salvo et al. [13] the external midfielders
presented the greatest HSR distances when compared with
the other positional groups. Despite that, it must be noted
that in the present study the players were categorized only
in three different positional categories (DF, MD and FW),
while the mentioned study stratified the groups into central
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Table 1. Between-position and within-position differences according to match periods.

Variables (per min) Positions 1st half 2nd half Match
% Change

between Halves
According to halves According to positions

F p Source of difference ICC F p Source of difference

Total Distance (km/h)
DF 104.43 ± 4.63 100.18 ± 5.23 102.3 ± 4.73 –4% 18.4 0.000 2nd half <Match < 1st half 0.87 8.61 0.002 DF <MF (1st half)
MF 115.84 ± 5.29 110.65 ± 4.94 113.24 ± 4.74 –4% 16.20 0.000 2nd half <Match < 1st half 0.77 < ICC < 0.93 7.58 0.004 DF <MF (2nd half)
FW 109.19 ± 8.32 108.21 ± 7.94 108.7 ± 7.78 –1% 0.17 0.846 - 8.82 0.002 DF <MF (Match)

Walking (km/h)
DF 41.75 ± 1.62 42.08 ± 2.09 41.92 ± 1.77 1% 0.58 0.575 - 0.85 2.28 0.131 -
MF 42.1 ± 2.00 43.11 ± 1.72 42.61 ± 1.76 2% 5.64 0.014 2nd half < 1st half 0.75 < ICC < 0.92 0.6 0.562 -
FW 44.1 ± 1.93 42.67 ± 2.12 43.39 ± 1.97 –3% 9.96 0.012 2nd half < 1st half 0.92 0.416 -

Jogging (km/h)
DF 42.12 ± 2.1 39.63 ± 1.64 40.88 ± 1.54 –6% 10.60 0.002 2nd half <Match < 1st half 0.8 4.05 0.035 DF <MF; FW <MF (1st half)
MF 46.57 ± 5.23 43.45 ± 5.64 45.01 ± 5.08 –7% 5.76 0.013 2nd half < 1st half 0.67 < ICC < 0.89 2.07 0.155 -
FW 40.4 ± 4.35 40.16 ± 2.95 40.28 ± 3.15 –1% 0.02 0.986 - 3.48 0.049 DF <MF; FW <MF (Match)

Running (km/h)
DF 14.14 ± 2.36 12.42 ± 3.23 13.28 ± 2.77 –12% 17.70 0.000 2nd half <Match < 1st half 0.87 11.80 0.000 DF <MF; FW <MF (1st half)
MF 19.25 ± 2.45 16.81 ± 2.47 18.03 ± 2.36 –13% 27.70 0.000 2nd half <Match < 1st half 0.72 < ICC < 0.94 6.03 0.010 DF <MF (2nd half)
FW 15.37 ± 0.98 16.59 ± 2.37 15.98 ± 1.41 8% 1.17 0.371 - 8.27 0.003 DF <MF (Match)

High Speed Running (km/h)
DF 6.36 ± 2.15 6.01 ± 2.21 6.18 ± 2.18 –6% 15.50 0.000 2nd half <Match < 1st half 0.97 4.30 0.042 DF < FW (1st half)
MF 7.85 ± 2.23 7.24 ± 2.35 7.55 ± 2.26 –8% 7.23 0.006 - 0.95 < ICC < 0.99 4.08 0.045 DF < FW (2nd half)
FW 9.27 ± 2.7 8.76 ± 1.98 9.02 ± 2.32 –5% 1.16 0.376 - 4.22 0.043 DF < FW (Match)

Power (Wꞏkg−1 )
DF 0.21 ± 0.02 0.18 ± 0.01 0.19 ± 0.01 –12% 37.00 0.000 2nd half <Match < 1st half 0.65 3.72 0.044 DF <MF; DF < FW (1st half)
MF 0.22 ± 0.01 0.23 ± 0.04 0.23 ± 0.02 5% 0.81 0.462 - 0.46 < ICC < 0.80 4.55 0.025 DF <MF; DF < FW (2nd half)
FW 0.23 ± 0.02 0.24 ± 0.08 0.23 ± 0.04 7% 0.19 0.831 - 5.76 0.012 DF <MF; DF < FW (Match)

Walking (from 0 to 7.2 km/h), jogging (from 7.2 to 14.4 km/h), running (from 14.4 to 20 km/h), high speed running (>20 km/h).
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Table 2. Coefficient of Variation of Match Activities according to Playing Positions, and Match Periods.

Variables (per min) Positions 1st half 2nd half Match
% Change

between halves
According to Halves According to positions

F p Source of difference ICC F p Source of difference

Total Distance (km/h)
DF 6.49 ± 1.23 5.51 ± 0.81 6.48 ± 0.46 –15% 1.76 0.221 - 0.30 0.86 0.448 -
MF 5.75 ± 0.89 6.47 ± 2.23 6.74 ± 1.64 13% 1.54 0.261 - 0 < ICC < 0.62 0.65 0.539 -
FW 5.71 ± 1.37 5.42 ± 1.75 5.87 ± 0.91 –5% 0.07 0.931 - 0.55 0.588 -

Walking (km/h)
DF 5.30 ± 1.31 5.62 ± 0.42 5.37 ± 0.56 6% 0.36 0.577 - 0.10 1.58 0.244 -
MF 4.75 ± 0.86 5.27 ± 1.08 5.18 ± 1.02 11% 3.36 0.112 - –0.18 < ICC < 0.46 2.53 0.118 -
FW 6.47 ± 2.52 3.83 ± 2.14 5.55 ± 0.86 –41% 1.03 0.436 - 0.22 0.803 -

Jogging (km/h)
DF 11.17 ± 1.43 10.04 ± 2.2 11.28 ± 1.89 –10% 1.08 0.375 - 0.52 1.28 0.311 -
MF 10.31 ± 2.08 10.35 ± 2.23 11.62 ± 2.91 0% 2.83 0.098 - 0.23 < ICC < 0.77 1.24 0.321 -
FW 8.25 ± 5.04 7.66 ± 3.89 10.09 ± 1.27 –7% 0.53 0.625 - 0.45 0.648 -

Running (km/h)
DF 17.89 ± 3.36 17.72 ± 3.69 18.81 ± 4.55 –1% 0.37 0.703 - 0.66 2.66 0.107 -
MF 17.55 ± 2.96 16.01 ± 6.21 18.27 ± 3.6 –9% 0.74 0.430 - 0.40 < ICC < 0.85 1.02 0.386 -
FW 12.62 ± 4.8 11.59 ± 9.45 12.67 ± 5.94 –8% 0.13 0.883 - 2.17 0.153 -

High Speed Running (km/h)
DF 33.79 ± 10.35 35.14 ± 7.25 33.6 ± 7.06 4% 0.23 0.656 - 0.70 4.26 0.038 DF >MF; DF > FW (1st half)
MF 21.72 ± 5.84 27.09 ± 6.48 24.32 ± 4.41 25% 2.63 0.156 - 0.43 < ICC < 0.87 2.43 0.127 -
FW 21.27 ± 7.56 30.77 ± 4.72 25.31 ± 6.41 45% 23.20 0.006 1st half < 2nd half 4.41 0.035 DF >MF (match)

Power (Wꞏkg−1 )
DF 13.65 ± 11.73 8.15 ± 2.6 13.62 ± 8.01 –40% 1.16 0.330 - 0.11 1.27 0.314 -
MF 7.97 ± 1.54 15.53 ± 4.43 12.92 ± 2.72 95% 14.20 0.007 1st half <Match; 1st half < 2nd half –0.17 < ICC < 0.47 4.90 0.026 DF <MF (2nd half)
FW 18.86 ± 18.53 12.2 ± 6.4 17.89 ± 9.68 –35% 0.25 0.792 - 0.64 0.544 -

Walking (from 0 to 7.2 km/h), jogging (from 7.2 to 14.4 km/h), running (from 14.4 to 20 km/h), high speed running (>20 km/h).
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defenders, external defenders, midfielders, external mid-
fielders and FW [13]. That is, using different group cat-
egorizations regarding outfield football positions makes
comparisons more biased. In terms of professional foot-
ball match outcome, winning teams present higher TD vol-
umes from which longer distances are covered at high-
intensity speed thresholds [28]. Furthermore, it was pre-
viously showed that winning teams have higher mean val-
ues of total shots, shots on goal, effectiveness, pass effi-
cacy, and ball possession than losing teams [29]. In order
to present higher performance indicators, it is expected that
players have to cope with greater high-intensity locomotor
activities that assume a preponderant role in match final re-
sult [30].

Both DF andMF presented significant within-position
differences from the 1st to the 2nd half, with the 1st half
representing the highest values for TD and for locomotor
measures based on different speed thresholds (i.e., walking,
jogging and running), with the exception of HSR, which did
not reveal significant within-position differences between
halves. There is extensive literature that clearly shows a
decline pattern of locomotor team performance from the
1st to the 2nd half of a football match, especially in lower-
intensity speed thresholds [31–33]. However, such stud-
ies have considered only the team’s average values when
comparing the locomotor performance between halves. In
fact, a recent study conducted on 23 professional football
players, analyzed the differences between halves in play-
ers according to playing position [19]. The authors of the
above-mentioned study showed that DF players presented
large decreases in TD (ES = –1.43 ± 0.36) from the 1st to
the 2nd half, while the other outfield positions had moder-
ate decreases (ES = –0.62 to 1.10) during the second half
[19]. Moreover, in the present study, the AMP measure
showed only small decreases for MF (ES = 0.034) and DF
(ES = 0.018) during the 2nd half, which is in concordance
with the findings of Casamichana et al. [19], where it was
found small differences  (ES = –0.60 to –1.09) for the over-
all positions. From the overall team’s observed declines in
performance during a match, knowing the within-position
differences may allow coaches to better individualize and
adjust training according to specific outfield positions.

It was previously suggested that football players
can perform high-intensity running without significant de-
creases throughout a match, with decrements in perfor-
mance seen immediately after short bursts, as a result of
temporary muscle fatigue [4,34]. Indeed, from our results,
it was observed no significant within-position differences
between halves for HSRmeasure for bothMF and FW, with
the exception of DF which showed significant differences.
However, the significant differences observed for DF play-
ers must be interpreted with caution as the statistical sig-
nificance found was only relative to the p value and not to
the η2 value. That is, although significant within-DF dif-
ferences between halves were found for HSR measure (p =

0.000) its magnitude was non-significant (η2 = 0.005, in-
significant ES). In terms of football performance, moderate
to very large ES in a measure such HSR, can potentially
make a difference in the final outcome of a match [35,36]
or even at an injury occurrence perspective, as HSR mea-
sure is related to both dimensions [10].

In respect to the third aim of the present study,
between-position differences for locomotor variability dur-
ing match were present only for HSR and AMP measures,
with DF representing the lowest values. While, within-
position differences showed that FW presented the great-
est variability during the 2nd half for the HSR measure,
and MF presented greater variability during the 2nd half
for AMP measure. To the best of the authors knowledge,
there is no study that analyzed the CV values of locomo-
tor measures considering the between- and within-position
differences according to match periods. For those reasons,
comparisons with other studies are difficult. However, the
positional roles that bothMF and FW and their tactical link-
ing during a football match, may explain the higher vari-
ability of high-intensity locomotor measures observed, as
the two positions usually produce a greater volume of run-
ning at higher speed thresholds than DF [4]. Thus, coaches
and practitioners can benefit from these findings, as it may
help them to prescribe training doses of running at higher
speed thresholds according to each player’s needs.

The present study has its limitations. The main limi-
tation is the sample size, as only 21 players participated in
the present study. Future studies should increase the sam-
ple size to confirm such findings and allow generalizations.
Another limitation is regarding playing position categoriza-
tion. Although we can recognize that categorizing the sam-
ple only into the three main outfield positions (DF, MD and
FW) may limit our understanding regarding the specificity
of each position, it was out of the scope of the present study
to conduct such analysis. However, future studies that may
categorize the sample in all positions, must consider that
different positions may arise when using different team for-
mations.

5. Conclusions
Between- and within-position locomotor differences

during different football match periods are present specially
for DF and MF for the overall measures, with a greater rel-
evance in high-intensity measures. Although some differ-
ences may appear to be statistically significant, their mag-
nitude can be insignificant, and the same stands true for
the opposite. For that reason, coaches and practitioners
should be aware of this to improve the training process
and decision-making. Moreover, some locomotor mea-
sures may present different levels of variability, depending
on players position and tactical role. However, further re-
search is needed to generalize such findings.
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