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Featured Application: An analysis of the external training loads associated to different training drills
across 8 seasons, while examining the influence of the head coach.

Abstract: Soccer players perform a variety of training drills to develop the physical, technical and tactical
qualities required for match-play. The role of coaches in prescribing training suggests that players may
not always meet physical targets set by conditioning staff. To quantify the physical outputs elicited by
different training drill types, 183 professional soccer players were monitored over 8 seasons using
Microelectromechanical Systems during normal training, yielding 65,825 drill observations [362 + 341
observations-player']. Linear mixed models assessed the influence of drill type, head coach and playing
position on physical output. Drills lasted ~14 min, eliciting total distances and high speed running of ~1000
m and 40 m, respectively. Conditioning drills elicited substantially greater relative high-speed running
[18.8 + 27.2 m.min™'] and Sprint [3.5 + 9.4 m.min] distances than all other drill types. The proportion of
training drill types used and external outputs elicited per drill were affected by the head coach. Midfielders
recorded the highest total distance [77.3 + 36.Im.min] and PlayerLoad™ [8.29 + 3.54] of any playing
position, whilst the lowest outputs were recorded by goalkeepers. This study provides reference data for
practitioners when seeking to manipulate training prescription to achieve physical output targets whilst
also meeting the team’s technical and tactical objectives.

Keywords: football; monitoring; training load; coaching staff; drill categories

1. Introduction

Soccer is an intermittent, primarily aerobic activity [1], with bouts of high intensity efforts such as high
speed running (HSR) Sprinting and accelerations/decelerations performed throughout [2]. To ensure that
players are prepared to cope with the physical demands of match-play whilst minimizing the risk of injury,
it is imperative that training sessions provide a stimulus, such as training load, that is sufficient to elicit
adaptations [3]. Conversely, excessive training loads or large fluctuations in a player’s physical loading
patterns can increase injury-risk in team sport players [4-6]. Ongoing monitoring and manipulation of a
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player’s physical loads within the context of a periodized preparation program therefore represents a
fundamental task for applied practitioners working in soccer [7].

Soccer training activities are aimed to develop the physical, technical and tactical aspects ready for
match play [3]. Technical and tactical objectives represent the primary focus of in-season training programs,
as training prescription may be determined predominantly by the team’s technical coaches based on the
perceived technical/tactical needs of a squad [8-10]. As these training drills or sessions are based around
team cohesion/performance, they may not elicit the specific physical outputs for an individual player
intended by the practitioner [9,11]. Knowledge of the typical physical output elicited during different types
of training drills may allow practitioners to estimate a player’s upcoming training loads. For example,
during single game weeks, professional soccer teams seek to maximize player readiness by typically
prescribing their most physically demanding training sessions ~3-5 days in advance of the upcoming fixture
[8-10]. A substantial reduction in loading is then provided during the ~24-48 h before the match to allow
sufficient recovery time [8-10]. Although this form of within-microcycle periodization is commonplace
within professional soccer, researchers investigating this topic have often reported loading patterns as a
function of days for example, [‘'match day minus one, etc.] without reporting the specific training drills used
[8-10]. Substantial differences in internal and external training loads have been reported during small-sided
games (SSG) compared with straight line running activities [12] and between SSG conducted under different
constraints for example, variations in pitch dimensions, the number of players involved, etc. [3,13]. As these
findings highlight the role of training session design in modulating the type and magnitude of the stimulus
provided, practitioners and coaches may benefit from information regarding the physical output associated
with a wider variety of different training drills. Such insights could assist the design of varied training
programs that provide the desired physical, technical and tactical stimulus in advance of the upcoming
fixture or series of fixtures.

Frequent changes in coaching staff is a characteristic of professional soccer. Given the head coaches
role in designing training programs [10], a change in personnel may influence a player’s physical outputs
during training and match-play, depending on the head coaches instructions for the team and each playing
position. A study of 36 teams across 17 countries reported that the head coach’s leadership style was
associated with player injury rates [14], whilst increases in the incidence of injury have been observed
following a change of head coach in Turkish professional soccer [15]. Despite an overall injury incidence
rate of 2.3 muscle injuries per 1000 h of training and match-play exposure, this value increased to rates of
5.3 and 4.5 in the 14 days and 30 days after a change in head coach, respectively [15]. Given the relationship
between fluctuations in training load and increased injury-risk [4-6], it is possible that such observations
reflect substantial changes in players’ physical outputs accompanying a change in staff. This may be due to
differences in training philosophy for example, a preference for certain types of training drills or activities
and a change within the playing style [6,12] between incoming and outgoing head coaches. Therefore, this
study aimed to quantify the external physical outputs elicited by different types of training drills performed
by professional soccer players. The influence of the head coach and playing position within these training
drills was also assessed.

2. Materials and Methods

2.1. Experimental Approach to the Problem

To assess the external training loads of professional outfield soccer players during six different types
of training drills, senior players from teams competing in the English Premier League [n = 1], English
Championship [n = 1] and English League One [n = 1]Jwere quantified using micromechanical electrical
systems [MEMS] worn during their normal in-season training sessions between 2012/2013 and 2018/2019.
Physical outputs were categorized according to the type of training drill being performed, the identity of
the head coach at the time and the typical playing position of each player (Goalkeeper, Wide Defenders,
Centre Defenders, Centre Midfielders, Wide Midfielders and Forwards; [16-18]). Linear mixed models were
used to assess the extent to which external training loads were influenced by these three factors.
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2.2. Subjects

After institutional ethical approval had been obtained, professional soccer players [n = 184: age: 25 + 8
years; stature: 1.80 + 0.09 m; body mass: 85.2 + 8.6 kg] from teams competing in the top three tiers of English
professional soccer [Premier League: n = 53, Championship: n = 93 and League One: n = 37] volunteered to
participate in this study. All participants were briefed about the risks and benefits of participation,
providing their written informed consent before data collection took place during the 2013/14 to 2018/19
English domestic seasons. The final dataset consisted of 65,825 individual training drill observations [mean:
362 + 341 observations-player, range: 5-1639 observations-player-'], amounting to ~15,140 h of monitoring.

2.3. Procedures

Players’ external loads during normal training sessions were quantified via MEMS (Micromechanical
Electrical Systems; Optimeye S5, Catapult Sports, Melbourne, Australia), which were worn between the
scapulae within a customized, tight-fitting neoprene garment. The Optimeye S5 unit (Firmware version
6.72-6.88) contains a 10Hz Global Positioning Systems (GPS) chip alongside a tri-axial piezoelectric linear
accelerometer [Kionix: KXP94] sampling at 100 Hz. A GPS sampling rate of 10 Hz has demonstrated good
reliability [coefficient of variation; CV% = 2.0-5.3%] for assessing instantaneous velocity [19] and small-to-
moderate typical errors of the estimate [1.87%-1.95%] when measuring Sprint speed [19]. The
accelerometers within the MEMS devices have also produced good reliability [CV% = 0.9-1.1%] during
laboratory and field tests [20]. Units were calibrated before each season using the manufacturer’s calibration
jig and to the manufacturers recommended values. Calibration values were monitored regularly during the
study period to ensure that the accuracy of each conformed to the manufacturer’s guidelines. Each player
wore the same unit throughout the study period to avoid inter-unit variation. In accordance with the
manufacturer’s recommendations, MEMS were activated outside for ~15 min before each session
commenced to minimize the risk of erroneous data arising from poor GPS signal quality [16,21]. Data was
downloaded within the same software version [Catapult Sprint 5.1.7] and were only included if the number
of satellites exceeded six and the horizontal displacement of positioning was <1.5 [16,21]. All players and
head coaches were familiar with these procedures, which were used as part of their routine monitoring
practices.

The training drills completed throughout the study period were grouped into six categories according
to their primary training objective. These categories are defined as ‘conditioning’ (CON), “position-specific
training’ [PS], “possession’ (POS), ‘SSG,” “tactical’ (TAC) and ‘technical’ (TEC) drills, with the definitions of
each below. The definitions and categories were selected based upon the most used terminology within the
previous research into different drills used in soccer and coaching manual resources [3,13,22]. Once the
definitions were written, these were then shown to each of the head coaches involved within the project to
ensure that these definitions were appropriate.

Conditioning [CON]—Drills designed specifically to exercise the player’s physical capabilities. This
will include drills with or without the ball, which are designed to exercise a specific part of the players
physical performance as the main objective.

Position-Specific training [PS]—Drills where the demands of the exercise are aimed at specific units
of the team, with positions separated and coached as a unit [goalkeeper, defenders, midfielders and
forwards] or an individual.

Possession [POS]—Drills designed to mimic similar demands of match play, with the aim of the
session to keep the ball away from the opposing team, with no goals to score in.

Small-Sided Games [SSG]—Dirills designed to mimic similar demands of match play, with the aim of
the session to keep the ball away from the opposing team, with no goals to score in.

Tactical [TAC]—Dirills designed to educate the players in the tactical roles they play within a team
shape. These include set-pieces and open play team shape.

Technical [TEC]—Dirills aimed to specifically work on a skill aspect of soccer such as passing, shooting,
defending and foot work with a ball, working as an entire group.

These categories were established using multiple resources.
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In addition to drill duration, the variables profiled were Total Distance, HSR [defined as distance
covered at a speed >5.5 m-s™], Sprint distance covered [>7 m-s™]. The number of high acceleration [>2 m-s?]
and high deceleration [<-2m-s?] efforts alongside the maximum velocity achieved were also quantified for
each drill. All dwell times for the number of efforts detected were set at 0.3 s [19]. Velocity data was
calculated using the Doppler-shift method. Finally, PlayerLoad™ during each drill was quantified via the
100 Hz accelerometer. All variables for each drill were expressed both as absolute and relative to drill
duration that is, variable'min, to provide an indication of drill ‘intensity” [the rate of physical output].
Information regarding the identity of head coach at the time [n = 9] and the playing position of each player
that is the positional category in which the individual typically played at the time of data-collection
[goalkeepers, defenders, midfielders, forwads]] was also recorded for each drill.

2.4. Statistical Analysis

Following satisfactory checks for normality of distribution, linear mixed models were used to assess
differences in physical outputs whilst accounting for the repeated measurement of individuals and the
unbalanced number of observations. Separate models were constructed for each dependent variable, with
‘player identity’ being included in all models as a random effect. Training ‘drill category,” “head coach’ at
the time of data collection and the primary “position” of the individual player, were specified as fixed effects
to assess their influence. A step-up approach to model construction was used, whereby fixed effects were
sequentially added to the model in the order specified above and were retained if they demonstrated
statistical significance that is p <0.05, and improved the model fit based on an Akaike’s information criterion
assessment [23]. In the event of significant fixed effects, Bonferroni-adjusted pairwise comparisons and
standardized effect sizes, ES, with associated 90% confidence intervals, CI, were calculated to investigate
differences between the levels of each fixed effect. Analyses were completed using R Studio (V 3.6.1) using
the Ime4 and emmeans packages and ES were interpreted as: trivial [ES <0.2], small [0.2< ES <0.6], moderate
[0.6< ES <1.2], large [1.2 < ES<2] and very large [>2] effects [24].

3. Results

Of the 65,825 drills analyzed, the respective contributions from each category were CON: 10%, PS: 4%,
POS: 27%, SSG: 33%, TAC: 11% and TEC: 15%. Drill category, head coach and playing position each
influenced all dependent variables [all p <0.001], except that position did not affect relative sprint distance.

3.1. The Influence of Drill Category

Table 1 shows the overall mean physical outputs per drill and highlights differences elicited by the six
drill categories when head coach and position were constant. Pairwise comparisons highlighted that
duration [all p <0.001; ES: 0.08-1.46, trivial to large], absolute [all p < 0.001, except for p = 0.031 for PS versus
POS; ES: 0.05-1.09, trivial to moderate] and relative [all p < 0.001; ES: 0.02-2.70, trivial to very large] total
distance, relative PlayerLoad™ all [p < 0.001; ES: 0.14-0.99, trivial to moderate], the relative number of high
accelerations [all p <0.001; ES: 0.06-0.63, trivial to moderate] and the relative number of high decelerations
[all p < 0.001; ES: 0.06-0.97, trivial to moderate] differed for all between-drill comparisons. Moreover,
absolute HSR [all p < 0.001; ES: 0.16-0.77, trivial to moderate], absolute PlayerLoad™ [ES: 0.14-0.99, trivial
to moderate] and the number of high accelerations [all p < 0.001; ES: 0.02-0.60, trivial to moderate] differed
for all comparisons except for similar values being recorded for PS and TEC.

Absolute sprint distance was similar between PS and TAC but differed for all other comparisons [all p
<0.001, except for p = 0.002 for differences between PS and SSG; ES: 0.11-2.00, trivial to very large], whilst
maximum velocity differed in all comparisons [p <0.001, ES: 0.19-1.21, trivial to large] except that maximum
velocity during CON was similar to values recorded during both TAC and TEC. Relative HSR during SSG,
TAC and TEC was similar to PS, whilst SSG was also similar to TAC for this variable. Relative sprint
distance did not differ from SSG during TAC or TEC and relative sprint distance was similar to CON during
TAC. All other pairwise comparisons highlighted significant differences in relative HSR [all p < 0.001; ES:
0.15-0.93, trivial to moderate] and relative sprint distance [all p < 0.001, except for p = 0.033 for POS versus
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TEC and p = 0.003 for TAC versus TEC; ES:0.10-0.53, trivial to small] between drill categories. The number
of high decelerations was similar between CON and PS and between PS and TEC, whereas high deceleration
differed between all other pairs of drills [all p < 0.001, except for p = 0.002 for CON versus TEC; ES: 0.06—
0.84, trivial to moderate.
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Table 1. Descriptive statistics and differences in mean training loads (i.e., per drill) overall and between drill categories.

Maxi
. . High-Speed . . mum High . .
Duration Total Distance 5 P Sprint Distance . PlayerLoad™ 5 . High Decelerations
Running Veloci Accelerations
ty
Absol Relati Relati Relati
Drill cateeo (min) Absolute Relative ute ve Absolut ve (m-s) Absolute Relative Absolut ve Absolut Relative
gory (m) (m-min-1) (m) (m-mi e (m) (m-mi (AU) (AU'min™) e (#) (#mi e (m) (#min1)
n') n') n')
36+ 34+ 0.5+ 103.42 + 1.05 +
Overall 13.82+£9.13 996 + 772 75.9 +£36.0 77 104 5+21 32 56+15 7459 8.04 +3.49 15+19 1.04 11+14 0.7+0.7
e s 105+ 188+ 35+ 1.5+
Conditioning 7.15+9.53 628 + 753 102.4 +52.9 1 19+51 6.0+15 64.42+77.27 10.56 +5.08 9+12 6+9 09+1.0
(CON) bedef bcdef b,edef 69 27.2 b.cdef 94 b,cd,f bcdef bcdef bedef 1.3 cd,eff bcdef
b,cdef b,cdef b,cdef b,cdef
o, e 22+ 0.5+ 0.8+
Position-specific  16.63+8.79 771 +540 48.1+24.7 75 1.6+ 7+27 26 51+19 75.14+52.81 4.72 +2.50 13+17 08 7+ 7cde 04+04
(PS) acdef accdef acdef 6.7 acd acdd,f ) acde acde acdef acde ) r 7o acdef
acde a,cd,f acdef
. 12+ 0.8+ 0.1+ 09+
Possession 1196 £554 777 +603 63.8+33.4 31 19 1+6 04 47+1.6 88.67+56.24 747 +2.93 13+16 10 9+11 0.7+0.7
(POS) abdef abb,def abdef : abdef : abdef abdef abdef abdef : abdef abdef
abdef abdef ab.deff abdef
. 39+ 25+ 12+
Small-sided 14.74+£853 1373+790  96.3+21.1 4+12 03+ 63%10 138.00 + 9.79+248 20+22 16+16 1.0+0.7
games (SSG) abcef abcef abcef zzf 2'7f abb,cef 0.7 abe abcef 77.72 abeef abcef abcef 3'1 . abcef abcef
49 + 21+ 0.8+
ical 2225+ 1275 + 898 57.3+27.6 7+18 03+ 6.0+1.5 123.03 + 5.54 +2.65 19+20 15+15 0.6+0.5
Tactical (TAC) 11.05abedf ab,cd,f ab,cd,f 73 2.9 a,cdf 0.8 acff bed,f 86.11 abcdf ab,cd,f ab,cd,f 0.7 ab,cdf ab,cd,f
ab,cf a,cd,f ab,c,d,ff
19+ 1.3+ 0.1+ 09+
Technical (TE 12.51+8.61 660 + 481 56.8 +23.9 2+14 50+14  73.54+50.12 6.36 +2.41 11+14 5+£8 04+05
echnical (TEC) ab,cde ab,cde ab,cde 5? 33 ab,cde SS acde acde abcde acde boi aa,cde ab,cde

AU: Arbitrary units, , #:Count 2: Significantly different from conditioning drills ®: Significantly different from position-specific drills ©: Significantly different from
possession drills ¢: Significantly different from small-sided games drills ¢: Significantly different from tactical drills f: Significantly different from technical drills. A
single letter indicates differences at the p <0.001 level, whereas two of the same letter indicates differences at the p <0.05 level. Data are presented as mean # standard
deviation.
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3.2. The influence of Head Coach

For each head coach assessed, Figure 1 shows the proportion of all training drills that was accounted
for by each drill category. Between-head coach differences were identified in 80.0% of all pairwise
comparisons within drill comparisons. Table 2 displays the results of these analyses alongside descriptive
statistics for each head coach. For ease of interpretation, Table 3 provides the number and proportion of
significant differences identified from the 36 pairwise comparisons for each dependent variable and
includes ES data where significant differences were present.

100%
Technical (TEC)
90%
80%
Tactical (TAC)
70%
2
5 60% B Small-sided games
= (SSG)
b 50%
g
.g 40% m Possession (POS)
&
[=%}
30%
Position-specific (PS
20% D (PS)
10%
J ._ m Conditioning (CON)
0% L

Head Head Head Head Head Head Head Head Head
Coach 1 Coach2 Coach3 Coach4 Coach5 Coach6 Coach7 Coach8 Coach?9

Figure 1. Proportion of training accounted for by each drill category for each Head Coach.
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Table 2. Descriptive statistics and differences in mean training loads (i.e., per drill) between managers.
Maxi
. . . . mum High ) .
Duration Total Distance HSR Sprint Distance . PlayerLoad™ . High Decelerations
Veloci Accelerations
ty
. . Relat
Absol Relati Relati
Head . Absolute Relative ve Absolute ve Relative Absolute ive Absolute Relative
(min) . ute . . (ms1)  Absolute (AU) .
Coach ID (m) (m-min-1) (m-mi (m) (m-mi (AU'min™) X .
(m) ~ ~ # (#-mi (m) (#-min1)
n') n')
nt)
52+ 02+
32+ 55+
1 10.30 £5.20 778 + 545 81.7 £46.7 49 14.9 34 12 bedds 0.6 £ 16 86.84 +53.17 9.14+4.34 2+4 0.5 2+4 0.3+0.5
bcdefghi bedefghi bb,cc,d e f bedefg e 3.8¢ : b,cdefgghi b,e,d,efii bedefgi bedef, bedefgi bedefghi
b,efghi b,efghi
i ghi
46 + 1.8+
38+ 0.7 + 5.6+
14.59 £9.09 1064 + 815 74.9 + 31.8 95 7+27 108.99 + 79.56 7.81 £3.11 25+22 1.1 16+15 1.1+08
2 acdefghi a,cef,gh,i aa,d,ef,ghh acdeg, 100 a,c,deggh,i 37 1 6 a,cef,gh i adefgh a,cdef,ghi acdef, acdeghi accdefghi
acdghi o deei acdeg
hi ghi
58 + 3.7+ 0.8+ 58 12+
4
1791 £9.51 1413 + 954 76.8£29.8 96 9.2 9.2 +36.4 4.25 l - 142.32 +91.46 7.95+2.95 22+16 0.7 21+16 1.1+0.7
3 ab,defghi ab,deghi aa,d e f,ghh ab,def, abdefg ab,defghi acdefg S ab,deghi adefgh ab,deghi ab,def, ab,defghi abb,def,ghi
ab,def,
ghi Jhi ghi & ghi
39 2.1 03 5.3 10
. 19.82+1556 1153984  60.3+£29.2 6; A 4¢ saipmne 1 f : ; 1212149473 652:273  18%16 07  16%15  08%07
abceghi acefghi ab,cfghii : - o : : acefghiii abcffghi abceghi abceg abcefghi abcghi
b,cf,gh,i ab,cee f b,c,gg b,cef,gh,i
hi
2.6+ 1.0+
34 + 03+ 53+
1490 £7.12 1015 + 640 67.6 £ 28.6 7.3 105.48 + 64.71 7.03+£2.76 1l6+11 0.6 14+11 09+0.6
5 o , > 83 3r14ber 164 16 v v _ _ ,
ab,cdfgh ab,cdfhi ab,cf,ghii a,c,dd,gg, ab,cdfhi ab,cgh,i ab,c,dfghi ab,cdg, ab,c,dfgh,i ab,cghi
b,cf,ghi bb,c b,cdfgh,i
hh,i hi
8B 3 56 Ll
3+ 6+
20.81+12.09 1403 + 1079 66.7 £29.7 86 3 6.+ 20 acohi 0.3+ 16 138.13 +£101.30 6.67 £2.70 22+18 0.7 20+17 09+0.6
6 ab,ceghi ab,deghi ab,cdeghi acdeg, 5. - o 20¢ : ab,degh,i ab,cdd,ghi abeghi ab,cgh, acdegh,i ab,cghi
a,cd,ghi a,cdegii
hi i
4i13 04 04 59+ 0.5+
+ 4+
12.05+7.79 905 + 560 82.9+29.7 w_cd . 1.8 3+13 18 12 90.85 + 54.55 8.42+294 6+5 0.4 4+4 04+04
7 abcdefhi ab,cdefhii b, dfhi T abceefi bb,chhi : abodefh, aab,cd,thii bedefhi abcdefhi abcdge abcdefhi abodef

i

cc,dd,i

i
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9 of 16
0.6+
2+11 02+
s 8.04 +5.36 551 + 306 80.9 +30.3 ibede 290 2411 bok 02+ 5.7+ 56.72 + 30.38 8.46 +3.33 4+4 0.5 3£3 04+04
abcdefgi abcdefgi bb,ce.de g ’ f ~ . ELLVEEE o h e 1 ]ades abodetgi bodefgi bodefgi abede, bodefgi abedef
a,b,c.ee,l ¢
12+ 0.8+ 58 0.7+
+
9 13.86 £ 8.41 998 +715 748 £27.3 50 3.9 2+10.5 0.1+ l . 100.99 + 68.82 7.70 £ 2.66 9+9 0.6 7£9 05+0.5
abcdfgh ab,cdd eefggh defgh abode,  abcefg bicdd ig 1bbeg . ’i abbcdd fggh aadefgh abodefgh  abode  abodefgh abcdef
adefig
f g

f

AU: Arbitrary units, HSR: High-speed running, #:Count # Significantly different from manager 1 : Significantly different from manager 2 ©: Significantly different
from manager 3 : Significantly different from manager 4 ©: Significantly different from manager 5 £ Significantly different from manager 6 8: Significantly different
from manager 7 ": Significantly different from manager 8 i: Significantly different from manager 9. A single letter indicates differences at the p <0.001 level, whereas
two of the same letter indicates differences at the p < 0.05 level. Data are presented as mean + standard deviation.
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Table 3. Outcomes of pairwise comparisons of external load variables (i.e., per drill) between managers.

10 of 16

Manager

Identiti Number of Percentage of
ent 1ties Variables that did not Differ Between Managers Variables that Variables that Effect Sizes
Being . .
Differed Differed
Compared
1-2 Relative SPR 35 97.2% 0.05-1.76, trivial to large
1-3 None 36 100% 0.04-1.74, trivial to large
1-4 Absolute HSR, relative SPR, maximum velocity 33 91.7% 0.12-1.42, trivial to large
1-5 Absolute HSR, absolute SPR, relative SPR, maximum velocity 32 88.9% 0.22-1.57, trivial to large
1-6 Relative SPR 35 97.2% 0.08-1.57, trivial to large
1-7 Relative TD, absolute SPR, relative SPR, relative PL 32 88.9% 0.07-0.88, trivial to moderate
1-8 Relative TD, absolute SPR, relative SPR, relative PL, high accelerations, high decelerations 30 83.3% 0.05-1.76, trivial to large
1-9 Relative TD, absolute SPR, relative SPR 33 91.7% 0.20-1.07, trivial to moderate
2-3 Relative TD, relative PL 34 94.4% 0.01-0.61, trivial to moderate
2-4 Absolute TD, absolute PL 34 94.4% 0.01-0.83, trivial to moderate
2-5 Relative HSR 35 97.2% 0.04-0.81, trivial to moderate
2-6 Absolute HSR, relative HSR, absolute SPR, relative SPR, maximum velocity, high decelerations 30 83.3% 0.15-0.79, trivial to moderate
2-7 Relative SPR 35 97.2% 0.20-1.46, trivial to large
2-8 Relative SPR, maximum velocity, 34 94.4% 0.19-1.40, trivial to large
2-9 Relative TD, relative SPR, relative PL, maximum velocity 32 88.9% 0.08-1.21, trivial to large
34 None 36 100% 0.15-0.56, trivial to small
3-5 None 36 100% 0.12-0.49, trivial to small
3-6 Absolute TD, absolute PL, high accelerations 33 91.7% 0.07-0.45, trivial to small
3-7 None 36 100% 0.08-1.44, trivial to large
3-8 Maximum velocity 0.14-1.56, trivial to large
3-9 Relative TD, relative PL, maximum velocity 33 91.7% 0.20-1.04, trivial to moderate
4-5 Relative TD, absolute HSR, absolute SPR, relative SPR, relative PL, relative high decelerations 30 83.3% 0.01-0.41, trivial to small
is Duration, absolute SPR, relative SPR, l'}igh acceleraﬁons, relative high decelerations, relative 0 83.3% 0.04-0.25, trivial to small
high decelerations
4-7 Relative HSR, absolute SPR 34 94.4% 0.08-1.08, trivial to moderate
4-8 Relative HSR, absolute SPR, relative SPR 33 91.7% 0.27-1.24, trivial to large
4-9 Relative HSR, relative SPR 34 94.4% 0.18-0.71, trivial to moderate
5-6 Relative HSR, relative SPR, relative PL, relative high accelerations, relative high decelerations 31 86.1% 0.03-0.60, trivial to moderate
5-7 Absolute TD, absolute SPR, relative SPR, absolute PL 32 88.9% 0.38-1.21, trivial to large
5-8 Absolute SPR, relative SPR 34 94.4% 0.47-1.39, trivial to large
5-9 Duration, absolute SPR, relative SPR, absolute PL 32 88.9% 0.03-0.75, trivial to moderate
6-7 Absolute SPR, relative SPR 34 94.4% 0.23-1.29, trivial to large
6-8 Relative SPR, maximum velocity 34 94.4% 0.27-1.41, trivial to large
6-9 Relative SPR 35 97.2% 0.10-0.93, trivial to moderate
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7-8
7-9
8-9

Absolute HSR, relative HSR, relative SPR, relative high accelerations, relative high

. 31 86.1%
decelerations
Absolute HSR, relative high accelerations, relative high decelerations 33 91.7%
Absolute HSR, relative HSR, absolute SPR, relative SPR, maximum velocity, relative high 29 80.6%

accelerations, relative high decelerations

11 of 16

0.01-0.78, trivial to moderate
0.10-0.49, trivial to small

0.21-0.83, trivial to moderate

SPR: Sprinting, HSR: High-speed running, PL; relative PlayerLoad™.
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3.3. The influence of Playing Position

When drill category and head coach were held constant, drills for midfielders [all p <0.001; ES:
0.34-1.50, small to large] and forwards [all p < 0.001, except for p = 0.002 for relative HSR and p = 0.008
for absolute sprint distance; ES: 0.15-1.35, trivial to large] elicited higher physical outputs for all
variables except for relative sprint distance, when compared with goalkeepers. Moreover, with the
exception of absolute PlayerLoad™ and relative sprint distance, center defenders exceeded
goalkeepers in relation to all dependent variables [all p < 0.001, except for p = 0.003 for both relative
HSR and absolute sprint distance; ES: 0.20-1.48, small to large]. Centre midfielders covered greater
absolute total distance per drill than forwards [p = 0.012; ES: 0.15 [CI: 0.13, 0.16], trivial] and wide
defenders [p < 0.001; ES: 0.19 [CI: 0.18, 0.20], trivial], whilst also surpassing center defenders for
relative total distance [p = 0.002; ES: 0.02 [CI: 0.00, 0.03], trivial], absolute HSR [p <0.001; ES: 0.09 [CI:
0.07, 0.10], trivial] and absolute and relative PlayerLoad™ [both p < 0.001, ES: 0.10-0.26, trivial to
small]. Relative distance covered was lower [p = 0.018; ES: 0.04 [CI: 0.03, 0.06], trivial] but relative
PlayerLoad™ [p = 0.008; ES: 0.03 [CI: 0.01, 0.04], trivial] was greater for forwards compared with
center defenders.

4. Discussion

The aim of this study was to quantify the external physical loads elicited by different categories
of training drills performed by professional soccer players while assessing the influence of manager
identity and playing position. On average, drills lasted ~14 min and elicited distances covered and
HSR of ~1000 m and 40 m, respectively. However, all physical variables differed as a function of drill
type and manager identity, with playing position influencing all variables except for relative sprint
distance. Acknowledging that the demands of training may also be influenced by factors such as the
specific task constraints [3,13], knowing the external load responses associated with each training
drill may be valuable for practitioners as a guide. Based on the methods used in this study,
practitioners may also find it beneficial to create their own drill data sets to help support their own
team and individual specific training prescriptions [3], while accounting for the influence of any
coaching staff changes.

Development of technical and tactical skills typically represent the primary focus of in-season
training [3,9,11], with specific session content being mostly determined by head coaches or senior
coaching staff [10]. However, soccer players also require well-developed aerobic and anaerobic
energy systems to cope with the varied demands of match-play in addition to adequate lower-limb
strength and range of motion to perform frequent high-speed actions such as sprint, jumping and
changes of direction [1,3]. It is therefore imperative that preparation programs expose players to a
volume and intensity of stimulus that can elicit [or at least maintain] these necessary adaptations. The
current study observed that TAC were typically the longest training drills, although by far the
greatest absolute and relative HSR and sprint distances were elicited by CON. Conversely, absolute
acceleration and deceleration outputs were highest for SSG and TAC drills (Table 1), whereas SSG
and CON drills had the highest relative outputs. Given the consistency of these differences within
head coaches, practitioners may use the current information to consider the implementation of these
drill types within the microcycle. This information may also be valuable when designing ‘top-up’
training sessions for substitutes or unused squad members in an effort to compensate for reductions
in match-day loading when compared with players who complete a full match [22,25]. Subject to the
existence of practical and regulatory restrictions [22,25], practitioners may select the type of drill to
implement during top-up sessions based upon recorded deficits in specific external load variables.
Practitioners have adopted the use of stimulating the most demanding sections of match-play to
create specificity within an individual’s training program/ top-up sessions [22,25]. In combination
with the proposed method of monitoring different drill categories, practitioners and coaches can help
prescribe relevant training drills for these type of sessions and ensure players training is specific to
their external training loads [22].
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Although the overall proportion of training drills from each category was CON: 10%, PS: 4%,
POS: 27%, SSG: 33%, TAC: 11% and TEC: 15%, substantial variation was observed between managers.
For example, the proportion of training drills accounted for by SSG ranged from 22-44% for each of
the nine head coaches whilst the contribution from TAC varied between 6-28%. Such observations
likely reflect between-head coach differences in training philosophies or priorities and highlight that
a change in staff could profoundly affect the loading patterns of individual squad members. As each
drill category elicits a distinct external load profile, sudden changes in training composition may
produce concomitant fluctuations in overall loads. Moreover, it is notable that head coach identity
influenced all external load variables even when drill category was held constant. Understanding the
playing philosophy of coaching staff and their team strategy can provide specific information for
practitioners when prescribing and designing training drills for their players [9,12]. For example, the
use of different formations [4-4-2,4-3-3,4-2-3-1 etc.] has been shown to alter the physical demands of
match play [18], with the perception of both coaches and practitioners suggesting the specificity of
training should be reflective of the outputs required during match play [10,26]. The use of position
specific based conditioning drills has elicited higher heart rate responses from players then SSG [12].
However, the design and response to these types of drills may vary as shown with the large
fluctuation in the use of conditioning [1%-14%] and position specific drills [0%-10%], depending on
the head coach. Increases in injury-risk reported following changes in team management staff [15]
and the findings of the current study may suggest the potential that deviations in training loads could
somewhat explain these findings. An increase use in a specific training drill category by a head coach,
may incur specific increased physical outputs (Table 1), which practitioners should consider as part
of their planning and prescription to support their players.

Positional variation is evident within match play, which likely reflects differences in the tactical
role and may warrant a position-specific approach to training prescription to develop the physical,
technical and tactical qualities required for match-play success [26]. Within the current study,
Midfielders recorded the highest total distances, HSR and PL per training drill. Although interactions
between playing position and drill type could not be assessed, it is likely that discrepancies in the
outputs elicited during PS, SSG and TAC that is, [those drills in which players perform specific
positional roles that are akin to match-play] largely explain such findings. Moreover, differences in
physiological capabilities between positions may have contributed to greater distances for
midfielders during other drills such as CON [1]. Four of the head coaches in the current study did
not implement any PS during the study period, a finding that further highlights how coaching staff
substantially influence the training practices of any given team [10]. Although potentially beneficial
from a physical, technical or tactical perspective [26], the decision whether or not to include PS within
a preparation program must be taken with reference to factors such as the time and resources for
example, coaching expertise that are available as well as considering the training priorities in the
context of the broader preparation program.

Substantially lower external physical outputs were recorded for goalkeepers compared with
players in outfield positions, despite drills typically lasting longer for goalkeepers. This difference in
physical output is similar to that observed during in match-play. Indeed, goalkeepers may cover
~50% of the match distances of their outfield counterparts [27,28] and their unique tactical role for
example, [being the only team member permitted to handle the ball whilst the match is in play] means
that much of a goalkeeper’s training is conducted separately under the supervision of position-
specific coaches [27,28]. Although the current study highlights the lowest physical outputs for
goalkeepers, it must be considered whether the range of metrics typically used to quantify external
training loads in outfield soccer players are also appropriate for use in relation to goalkeepers.
Whereas locomotor demands may be the primary contributor to an outfield player’s training and
match-play loads, goalkeepers perform minimal running but are required to execute several
explosive actions such as diving, saving and high-velocity kicking [28]. Practitioners should therefore
contemplate accounting for such position-specific demands when seeking to quantify the loads of
goalkeepers within their squad. Notably, eliciting desirable physical adaptations in this bespoke
group of soccer players may require different types of training drills compared with the methods
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typically used for players in outfield positions. For example, although SSG is often implemented ~3—
5 days prior to match-day as a means of providing a substantial stimulus for certain physical as well
as technical/tactical developments in outfield players, SSG may be amongst the least demanding
drills performed by goalkeepers [28]. Conversely, TEC or PS drills performed in the 24-48 h prior to
match-play may be effective in allowing fatigue to dissipate amongst outfield players but appear to
elicit goalkeeper-specific physical demands for example, [dives, jumps, explosive efforts, etc.] that
substantially exceed the demands of match-play itself [28]. These discrepancies in physical outputs
between goalkeepers and outfield players warrant consideration with regard to within-microcycle
periodization to ensure appropriate recovery for all members of the match-day squad.

The current study has allowed practitioners to gain insight into three professional clubs training
drills, providing comparisons across different training drill categories. Practitioners should account
for the different prescribed training drills by the coaching staff at their club, while potentially using
the information presented to compare to their own club. While novel in its findings considering
training drills across multiple coaching staff and players, limitations within the current study should
be considered such as, the use of only one team per standard and one playing position per player,
irrelevant of a change in position within match play. However, the premise of this study was to
provide practitioners insights into the physical outputs of different training drills administered by
different head coaches. This is the first study, to the authors knowledge, that assesses the physical
differences within training drill categories accounting for the different head coaches and their
utilization of different training drill types. The methods provided in this study can be used by
practitioners to analyze their own data and provide the insights required to account for the use of
different training drill types and what the physical outputs are, allowing practitioners to account for
training prescription for teams and individual players.

5. Conclusions

Soccer head coaches’ effect both the physical output and the utility of different training drills.
Understanding these differences can help support practitioners during transition periods when there
are changes in a head coach, to help reduce the changes in external training loads players are required
to perform.
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