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Abstract

This thesis aimed to increase the understanding associated with the physical demands and the
current in-season practices of professional football Goalkeepers throughout activities
indicative of the week-long competitive microcycle (including match-day). Holistically
characterising evidence from a range of sources, including desk-based (i.e., literature
reviewing), empirical observations (i.e., primary data collection), and from Goalkeeping
practitioners (i.e., via survey), has provided an original evaluation of current in-season

Goalkeeper practices that has implications for movement solutions and session design.

Using match-play as the main focus, literature review findings (chapter two) summarised the
limited availability of works pertaining to the performance responses of football Goalkeepers.
Searches were conducted in the PubMed online database during March 2018, (with an updated
table included as of January 1% 2025). Keywords relating to the sport (i.e. ‘soccer’, ‘football’)
and position (i.e. ‘goalkeeper’, ‘goal keeper’, ‘goal-keeper’, ‘keeper’, ‘goalie’, ‘GK’) were
entered in various combinations. Following the removal of duplicates and screening of
abstracts, the remaining full-text articles were assessed using a narrative review strategy, with
articles retained based on six-stage inclusion criteria.

Although extensive research exists in relation to outfield players, limited studies have
investigated the physical demands of football Goalkeepers within match-play. Current research
suggests that Goalkeepers cover ~4-6 km on match-day and appear not to experience between-
half reductions in physical performance as the match progresses. Whist making saves
(preventing a goal) represents the most important phases of play, they occur relatively
infrequently during a match (~2-10 #-match™"), however, should remain a major training focus

for football Goalkeepers. Future work should investigate Goalkeepers’ physical responses to



particular activities within training and match-play, whilst looking to gain a greater
understanding of the current in season Goalkeeping practices and their implications on

movement solutions and actions relating to match-play.

Whilst limited research exists to thoroughly compare the match-play performance responses of
Goalkeepers and outfield players, literature review findings confirmed the differing
physiological profiles between Goalkeepers and outfield players during isolated performance
tests, with Goalkeepers generating greater knee flexion and extension peak torque than the
majority of outfield players. Most studies involving senior Goalkeepers reported superior jump
performance compared with their outfield counterparts. Assessments of linear and
multidirectional speed, multi-stage fitness test performance reported some aspect of inferior

performance for Goalkeepers when compared to at least one other positional sub-group.

Chapter three sought to assimilate empirical observations to better understand the physical

demands of professional football Goalkeepers throughout a week-long competitive microcycle.
Recruiting eight English Premier League football Goalkeepers, wearing Goalkeeper-specific
micromechanical electrical systems (MEMS) devices, all participants completed the demands
of each activity and a within-subject design was implemented to allow comparison between
the different activities performed throughout a competitive week-long microcycle. It was
observed that Goalkeepers did not follow the same pattern as their outfield counterparts relating
to match-play loading. Notably, when certain position-specific performance metrics (i.e., dives,
jumps, changes of direction, and explosive efforts) were considered, the greatest physical
demands occurred during non-match-play activities during the competitive week. Specifically,
Goalkeepers performed more dives (~51 vs ~10), high-speed changes of direction (~34 vs ~8),

high (~14 vs ~1) and medium (~19 vs ~7) jumps, and explosive efforts (~70 vs ~16) during a



~79-min Goalkeeping-training session when compared with 90-min of match-play. Such

findings have likely significant implications for applied practice.

Further empirical evidence was gathered when looking at the transient physical demands that
Goalkeepers experienced throughout 90-min of match-play (chapter four) using linear mixed
modelling. Similarities between halves were observed in the number of dives performed and
high-speed distance covered by Goalkeepers, whilst more explosive efforts and high-speed
changes of direction occurred when compared with before half-time. Additionally,
Goalkeepers appeared to experience greater physical demands during the final 30-min (i.e., 60-
75 and 75-90-min epochs) of a match, when compared with the opening 15-min; possibly
indicative of the progressive fatigue experienced by outfield players, or team tactics and state-
of-play (or combination thereof) influencing the physical demands of the Goalkeeper that

protects their team’s goal and/or quickly re-distributes the ball to team-mates.

With a greater understanding of the physical demands of football Goalkeepers during both
training and match-play, a key consideration relating to the degree of synergy between training
and competitive demands is the perception of Goalkeeping coaches concerning practice design
(including the availability of decision-making and physical movement solutions for the
Goalkeeper). Goalkeeping coaches took part in an online survey centred around the ‘practice
spectrum’; a scaled session design framework from isolated-technical (announced) to complex
(unannounced and live). A mixture of open and closed-ended questions was used, allowing for
descriptive statistics to be gained from frequency and thematic analysis (Braun & Clarke,
2006). The study aimed to explore Goalkeeping coaches current planning and delivery
strategies of Goalkeeping training sessions, and the effects that this may have on the availability

of decision-making and physical movement solutions for the Goalkeeper.



Goalkeeping coaches looked to design sessions in a linear fashion, progressing from isolated-
technical (announced) to complex (unannounced and live); announced (part 1 — 84.6%),
unannounced (part 2 — 74.7% & 3 — 69.1%) and live (part 4 — 89.5%). Announced session
structures (isolated-technical focus and limited in decision making), alongside an increased
physical focus were predominantly used at the start of the training week leading into a match.
Findings allude to the possibility of coaches purposefully aiming to reduce the
cognitive/decision making load during the period soon after a match. Whilst there may be an
element of attending to the cognitive needs of the Goalkeeper, the designing of sessions in this
manner may lend to repetitive practices of movements and isolated-techniques, designed for
Goalkeepers to work on their ‘basics’ in a physical manner far greater and less representative
to what would be needed and imparted in a match (as highlighted in chapters three and four).
Whilst Goalkeeping sessions were designed in a linear manner from isolated-technical to
complex, a desire to implement an environment rich in decision-making for the Goalkeeper
and allowing for exploration of movement solutions was observed ‘most of the time’ at an
unannounced level. Based on the practice spectrum descriptors of unannounced, the session
design structure would positively limit the Goalkeepers’ prior knowledge of the session

structure or service type, aiding in the development of their position specific skills.

Whilst Goalkeeping coaches sought to develop Goalkeepers through their session design
structures, collaboration was evidenced to take place between Goalkeeping coaches and other
staff members, with lesser consultation amongst sports science staff (36.4%), medical team
(37.0%) and analysts (29.0%) and greater discussions taking place with the manager (63.6%),
other coaches (73.5%), and Goalkeepers (59.9%). Such sentiments may link with the

highlighted personal areas of development of Goalkeeping coaches; physical (31.5%) and
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psychological/social (35.8%) and the primary focus areas of technical (46.3%) and tactical

(43.2%) that Goalkeeping coaches attend to within their session design.

The thesis purposefully aimed to assess the current literature of the unique and specialised
position of the football Goalkeeper, whilst providing original insights into the physical
demands and the present in-season Goalkeeping practices throughout a week-long competitive
microcycle (including match-day). Evidence was found to support the importance of
understanding activity-type demands that professional Goalkeepers are placed under and the
effects that such activities may have on future training designs and recovery methods. Further
insight attended to the knowledge of the fluctuating demands within 90-minutes of match-play
and the implications for the Goalkeeper, and team (physically and tactically). A greater
awareness was gained into the current planning and delivery strategies of Goalkeeping coaches
in relation to the practice spectrum, thus allowing for an appreciation of the training
methodologies employed and the availability of decision-making and physical movement

solutions for the Goalkeeper.
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Chapter 1.0 Introduction

Football is a world-wide sport, and at the professional level occupies a demanding competitive-
weekly schedule (Abbott et al, 2023), with in-season requirements to compete in one to three
matches per week and associated training. In the case of match-play, an 11v11 format exists
which consists of a team of 10 outfield players and one Goalkeeper (maximum 22 players on
the pitch). Teams are permitted to make a maximum of five substitutions over the course of the
match with three opportunities to substitute allowed during the 90-minutes of match-play, an
additional occasion during the 15-minute halftime interval as well as a concussion substitute

should an injury to the head occur.

As the aim of football is to out-score the opposition through open and set play goals, the
Goalkeeper 1is typically the last defensive line, aiming to minimise the goals conceded by
defending the goal, protecting the space behind the defensive line and/or dominating from
crossing opportunities in a specific 18 x 44 yard area, with match rules permitting the
Goalkeeper to handle the ball. More recently, the evolution of the Goalkeeping position has
seen a greater involvement in-possession through initiating offensive opportunities and
supporting their own team-mates (normally in their own half) with their positioning to
recirculate the ball and ability to play appropriate passes to exploit the opposition. From a
training perspective outside of competitive matches, Goalkeepers are usually involved in daily
position-specific practices (Goalkeeping), as well as team-practices, which look to incorporate
the Goalkeeper into small-sided games and shooting practices, as well as tactical sessions in

preparation for the forthcoming matches.
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Whilst the Goalkeeping position contributes significantly to the score-line of a match, research
has only superficially sought to understand the performance determinants of this unique
playing position. Most research has focused on the development of skill within the Goalkeeping
setting (Otte et al, 2019, Otte et al, 2020), penalty-kick strategies to optimise Goalkeeping
performance (Dicks et al, 2017), and visual search strategies of Goalkeepers in 1v1 dyads
(Shafizadeh et al, 2016, Franks et al, 2022). Therefore, limited understanding exists regarding
the physical demands of Goalkeepers in training and match environments (Malone, 2018).
Though the research into the physical demands of Goalkeepers is limited, knowledge that
Goalkeepers cover ~50% of the match distances of outfield players exists (Russell et al, 2016),
thus indicating bespoke competitive demands of Goalkeepers during match-play; a finding
which suggests unique training is required to suit their specialised position. Accordingly,
Goalkeepers routinely spend large periods of their training week with position-specific coaches
in small Goalkeeping groups of between 3-4 Goalkeepers (but has known to be as high as 8
Goalkeepers) focussing on the technical, tactical, physical and psychological/social elements

of Goalkeeping in isolation, with limited input from the wider playing and/or coaching staff

group.

With limited knowledge of the demands of the Goalkeeping position, Goalkeepers often find
themselves involved in similar off-field protocols to that of outfield players, with pre-
activation, gym programs and testing batteries often generalised across the team (Goalkeepers
and outfield players) rather than specific to the unique playing position of Goalkeeping.
Unsurprisingly, examples of the differing physiological profiles have shown inferior multi-
stage fitness test performance (Rebelo-Gongalves et al, 2015, Deprez et al, 2015, Rebelo et al,
2013) and lower VOamax (Arnason et al, 2004, Gil et al, 2007, Boone et al, 2012, Sporis et al,

2009, Aziz et al, 2009, Marcos et al, 2018, Tahara et al, 2006) values being consistently
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reported for Goalkeepers relative to outfield players. Similarly, where repeated-sprint protocols
have been employed (Kaplan, 2010), questionable ecological validity exists due to empirical
evidence surrounding the demands of the playing position, with more relevant testing focussing
on repeated returns to feet between dives and possibly kicking long distances as a more valid
representation of the position. The above sentiments likely reflect the current lack of
knowledge and research specific to the playing position that allows for appropriate position-

specific testing batteries and individualised program planning to be developed.

Whilst the physical demands of the Goalkeeping population are not fully understood, the
reporting of a Goalkeeper’s technical performance (in and out of possession) still has a need
for better position-specific understanding. Current reporting lacks consistency when collecting,
analysing and interpreting data based on the varying skills of the Goalkeeper; a save, catch,
block, punt, punch the ball etc (Dellal et al, 2011). With such sentiments, coaches rely upon
available sources of data such as WyScout and Opta, or create in-house frameworks relative to
their own data, which are commonly used to measure and quantify technical performance to

better plan and deliver training sessions for the Goalkeeper.

Whilst current methods of assessing and analysing technical performance aid in the designing
of isolated Goalkeeping sessions, Goalkeepers usually spend large portions of their training
schedule (in Goalkeeping-specific practices) away from the wider 11v11 (team) environment.
Goalkeepers tend to join team environments later in their daily sessions for the purposes of
undertaking context-specific team training which is a strategy purported to aid in the
development of skill and team dynamics (Davids et al, 2008; Renshaw & Chow, 2019).
Consequently, whilst Goalkeeping-specific training attempts to attend to the technical, tactical,

physical and psychological/social needs of the Goalkeeper, empirical observations suggest that
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coaches follow a path-dependency cycle (Renshaw & Chow, 2019) in which the coach coaches
the Goalkeepers based on what they were previously exposed to, regardless of the ever-

changing match demands or research which may aid in learning and performance.

Empirical evidence would suggest that the coaching of Goalkeepers looks to achieve the
“perfect” technique (Chow et al. 2015), often easier for the coach to visually assess, and correct,
but in doing so minimises opportunities for the Goalkeeper to explore and develop their own
unique skills. Fittingly, decision-making skills, athleticism, mentality, and technical skills have
been found to be key in developing Goalkeepers (Otte et al, 2020). Coaching frameworks such
as the Constraints-Led Approach (CLA) have been employed across sports with the athlete
requiring to self-organise in an ever-changing performance landscape, creating the most
effective movement solutions and actions alongside the continual coupling of knowledge and
perception they gather (Renshaw & Chow, 2019; Newell, 1986; Renshaw et al, 2010).
However, the translation of Goalkeeping coaches understanding of said frameworks and
research exploring the physical demands of Goalkeeping to aid their session design appears to
be warranted for the development of Goalkeeping training practice, its design and preparation

for a competitive environment.

1.1 Thesis aims

Comprehensively identifying evidence from a range of sources, including reviewing current
literature, empirical observations and surveying Goalkeeping practitioners will allow for a
deeper evaluation into the physical demands of professional football Goalkeepers throughout
activities indicative of the week-long competitive microcycle (including match-day), and
identification of the current in-season Goalkeeper practices that have implications for

movement solutions and session design.
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It is desired that the thesis and its multiple facets of investigation, add to the limited body of
research in the Goalkeeping setting, providing Goalkeepers, practitioners, and researchers alike
with an improved understanding of the Goalkeeping-specific position and practical
applications when, monitoring, planning and delivering training to best compliment match-
play performance.

The following objectives were set to achieve this aim:

e Toreview current literature pertaining to the availability of information relating to the
performance responses of football Goalkeepers.

e To profile the physical demands of football Goalkeepers throughout a week-long
competitive microcycle.

e To quantify the movement demands elicited by, and profile transient changes in the
movement responses of, professional football Goalkeepers during 90-min of match-
play.

e To explore Goalkeeping coaches current planning and delivery strategies of
Goalkeeping training sessions, and the effects that this may have on the availability of

decision-making and physical movement solutions for the Goalkeeper.
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Chapter 2.0 Literature review

Chapter Summary

Football Goalkeepers cover ~4-6 km on match-day and appear not to experience
between-half reductions in physical performance as the match progresses. Transient
within-match changes in physical and technical performance (i.e., performance over
smaller epochs), and acute physical responses during football match-play, remain to be
profiled in Goalkeepers.

Saves (preventing a goal) occur relatively infrequently during a match (~2-10 #-match
1 but intuitively represent the most important phases of play and should remain a major
training focus for football Goalkeepers. Goalkeepers also occupy an important role in
ball-distribution and more information is required as to the physiological impact (i.e.,
fatigue response) from high-velocity jumping, diving, and kicking actions routinely
performed.

Performance during isolated tests may discriminate football Goalkeepers from other
playing positions. However, specific performance tests for Goalkeepers should be
determined based on the unique physical and mental demands of their position;

demands which remain to be determined.

Sports

Parts of this chapter have been published in the following citation:

Medicine

_ Open

White, A, Hills, SP, Cooke, CB, Battern, T, Kilduff, LP, Cook, CJ,
Roberts, C, Russell, M. (2018): Match-play and performance test

»
=3 responses of soccer Goalkeepers: A review of current literature.
Sports Med 2018; 48(11): 2497-2516. [DOI: 10.1007/s40279-018-
0977-2] [PMID: 30144021]
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2.1 Introduction

The Goalkeeper’s primary role in football is to protect his/her team’s goal, whilst a secondary
purpose lies in ball-distribution during the initiation of an attack (Seaton & Campo, 2011). As
the objective of football is to out-score the opposition, it stands to reason that the demands
placed upon Goalkeepers have the potential to directly influence the outcome of a match.
Indeed, as the only players permitted to legally handle the ball (when inside the penalty area)
whilst the match is ‘live’, their positional role is not akin to that of other outfield playing
positions. Therefore, Goalkeepers may possess a unique physical profile, and it is likely that
further details about their match-play and training demands, in addition to performances
throughout isolated testing scenarios, would benefit practitioners seeking to optimise training

prescription for this bespoke playing population.

In contrast to outfield players who cover ~10-12 km during a 90 min match (Russell et al, 2011,
Russell et al, 2016, Mohr et al, 2003, Bangsbo et al, 2006, Krustrup et al, 2006, Di Salvo et al,
2007, Di Salvo et al, 2009, Barnes et al, 2014, Stelen et al, 2005), including a sprint every
~90 s (Mohr et al, 2003, Stelen et al, 2005), football Goalkeepers may cover 4-6 km on match-
day and perform only ~2 short sprints in this time (Di Salvo et al, 2008, Soroka et al, 2011,
Malone et al, 2018). Conversely, empirical observations suggest that outfield players are rarely
required to pass the ball distances >50 m, whereas Goalkeepers in their offensive role may
make ~8-14 kicks-match™! into the opponent’s half (Hongyou et al, 2015). Such high-velocity
actions may contribute substantially to a Goalkeeper’s overall match-load (Russell et al, 2011)
and thus elicit a unique physiological response and post-match recovery profile when compared
with other playing positions. However, limited attempts have been made to quantify the
physical demands and/or physiological responses faced by football Goalkeepers during training

and competition.
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Empirical observations suggest that football Goalkeepers engage in an extended, individually
led pre-match warm-up (~45-60 min) that incorporates a range of technical ball stopping and
catching drills. During a match, Goalkeepers typically remain close to the goal-line and touch
the ball only when defending an attack, re-starting the match via a goal-kick or free-kick, or
re-distributing the ball following a ‘back-pass’ from a team-mate. Barring injury, Goalkeepers
are seldom substituted, therefore must be conditioned to maintain their physical and skilled
performance for the full duration of 90 min, or potentially 120 min plus penalties in the case

of specific tournament matches.

Goalkeeping at the professional level occupies a demanding competitive-weekly schedule
(Abbott et al, 2023) with the unique demands of the position meaning that their training appears
to be largely technically focused and typically involves multiple Goalkeepers (i.e., 3-4) who
work within confined spaces, separately from outfield players (Figure 2.1). Whilst research by
Otte et al. (2020) explored the views of Goalkeeping coaches relating to the positional demands
for Goalkeeping and Goalkeeping training approaches, such research captured a small sample
of Goalkeeping coaches’ perceptions and did not investigate the Goalkeeping session design
structure throughout a week-long competitive microcycle. Whilst empirical evidence supports
the requirement for Goalkeepers to engage with both training- (i.e., Goalkeeping training,
training shooting, and small sided games) and match - (i.e., match, pre-match shooting,
personal pre-match warm-up) specific scenarios over the course of a competitive week, further
research is needed to appropriately assess the current design, implementation and implications

of Goalkeeping training structures.

Given the paucity of research attention afforded to this unique position, presumably due to

challenges of recruiting sufficient sample sizes, this review sought to systematically appraise
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literature which has profiled the performances of football Goalkeepers during match-play and
isolated performance tests, with a view to informing practice and identifying opportunities for

future research.
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2.2 Methodology

Searches were conducted in the PubMed online database during March 2018. Key words
relating to the sport (i.e., ‘soccer’, ‘football’) and position (i.e., ‘Goalkeeper’, ‘goal keeper’,
‘goal-keeper’, ‘keeper’, ‘goalie’, ‘GK’) were entered in various combinations. Filters included:
original publications in scientific journals published before March 2018, for which full-texts
were available in English. Following removal of duplicates and screening of abstracts, the
remaining full-text articles were assessed using a narrative review strategy. Articles were
excluded on the basis that they: a) included no male participants, b) included no identifiable
group with a mean age >16 years, c) did not report any aspects of Goalkeepers’ physical or
skilled performance, d) focused on only isolated scenarios (e.g., penalty-kicks) within match-
play, e) included insufficient methodological details, and/or f) were review articles. Articles
identified through other sources (e.g., those known to the authors) and references cited in the

retrieved articles were also considered for inclusion.

2.3 Findings and Discussion

The original search strategy yielded 132 results. Following removal of duplicates, and
screening of articles according to the six exclusion criteria, 23 records were retained. A further
three records already known to the authorship group were included such that 26 records
satisfied the criteria. Records were pooled into seven main themes, with eight documenting
aspects of the match-day performance of football Goalkeepers (table 2.1), 12 investigating
variables related to Goalkeepers’ strength and/or power (table 2.2), 11 records each profiling
Goalkeepers’ linear or multidirectional sprint speeds (table 2.3) and aerobic capacities (table
2.4), five reporting the outcomes of football-specific skill assessments (table 2.5), and three

records which investigated other aspects of Goalkeepers’ performance, such as joint range of
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motion (ROM) and motor co-ordination (2.6). Records incorporating multiple aspects were

included in more than one category.
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Table 2.1: Records investigating the match performance of football Goalkeepers
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Table 2.2: Records investigating the strength and power of football Goalkeepers!
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N\SH/+HWE>aA : TANEXUBL/+58>aE 9IMEIXUBLG) 2$4U+1K]i4 ) 0XE>aNAPT90%
XUBJe/+44) OXf(*Ut>aNMAT99XUBE, "+*2U"Gi4*"Q**2i<=,8) 2$LC " Té
NSH/+H - Sor (6*IUG"14*" Q**28<=, ) 2$4C " $>a91@ME BTk
\GH/+)4,/(# *pasN :tebi/+H:+*()"ID*>a8M%teIXU B e .- " Ct
4*"Q**h<=,§)2HC " Tk

\iH/+)4,/ (#*>aNN@ELeBL/++*() "ID*t>aNAT90LeIXU" BIEgME, & Ch
4*"Q**2h<=,§)2$4C " Ttk

<=,iG)$t " i+*()"ID*iF*)2ie12U)"*t" Ct>:18LIIMID, 427 LIT-4[¢
OINLOTPi@IXU" Bi"G) 24C " Jid# T\MH/+0) 4, / (#'*1F*) 24~ Ci>aPEPL
eBlIK*)Xi" Cira: : :teBi/++*()"ID*K*) X" Ci>aNN19te IXU" Bk

4" Q**h<=,§)2$C " Tk

&

N\SH/+1606$1,")20*P>a81@9iFBL/+ - SolG*1UG"t>a91@ - ¢t FBL
4*"Q**h<=,§)2HC " Tk

&
NSH/+ - S0iG* UG t4*"Q**24<=,{) 2$C " $>a91AMEFBIE

i

<=,iG) $ibi0/20%2"10IX 2**HH(* gL/ 26) 2$6%"*2, 1/ 24" YEL24"G*L " Wi
>H(*g1/2_IN - 8T9LOET9D , INESTOL 8PT9UpINECTIL GATOLN F]:
*g"*2,1/2 (098T9LBATID, {8AATIL @PT9ipiBPPIOLBMI9h FBL) 28
h " WisH(*g1/2_INPSTOL@NTOD , iNA : TOLAST94piNP@TIL BNk FBk
"G)26)((AC " i*g0*K"t . 67l

N H/H00% 2" HOMX 2*HH(*gL/ 24" Yid*"Q**2h<=, 1) 2$1C " H/+ " Wi
>aBAMI9th FBi/+ih " Wi>a8NNT9kh FaTiii

i

DEX2**H(* L/ 28) 284+ G"™*2, 1/ 24" YEI28' G " Wil k<=, IH(*gL/2
NAGTOLNOTOJi*g"™*2,1/2 (8 : 9T9LNATOUN FBI'G) 24c 66H(*gL/2 &

" Y)"tP9E) 2$4099iqJ, [ T  NNMTELNNTE]i*g"*2,1/2 48@PTOLNAT -k FBli— SIH(*gL/2 &
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KO)%*+, 262184 NSNTALNPIN]i*g"*2,1/2 (8GMINLA@TGEN FBiS cioH(*gL/2

<=, Bl OPTPLOT8]i*g"™*2,1/2 INOETOLBNT - inFBJt) 2$icioH(*gl/2 L
NSYTEL@878]i*g"*2,1/2 (8APINLE@TPIN FBL)"tPYig), [ Ti
\H/+H(* gL/ 2i>aNANTOI FBI/+i%g"*2, 1/ 2i>a8 - NG B3k Y4120'G*E
"Wid*"Q**24< =, §)2$4C "8) "tPYig), [ Té
<=, UG) $ibiH(*gL/26) 2$*g"™*2, 1/ 24" YH24"G*4 " WisH(*gL/ 24
087GL8ITAID, iM: TALNOTOJ&: MIPL = TEJPMIALNOTS]E) 284 - ETPLN@TO%
hFJi*g"*2,1/2 ING9TAL : 18iD, INNOTOLNATEJINNOTGLNNTS]:
NO9T8LNOT:1&) 2$INSATOLNNT@EN FBL) 28t * WisH(* gL/ 2(0AT8 L8970k
D, IMPTOLOTAJ - PTSLNATMJIPNTMLPT8]&) 2% ATBLNPT - th F i
*"*2,1/2_ INSMINLPTOID, INNMTALNPTNJiNS @TALNATOJOETAL PTAJR) 28
NSET9LNPIOKN FB8i'G) 2ic6]i— SIS cli) 28$ick) "1099%q), [ T
i

YZQL/26  HHFLL/2)E 520,%), /2002, MK MU . SGHIUG™ /4 - SUGHIUG A" Q**24<= ) 2$IC " 1>a9TANLFBIL
) (1i8ONME mN:8V2U(L,Gk  o#FKIF)"Tk

KO)%*+, 202Nk

<=5l

BM: Body mass, CB: Centre backs, CMJ: Countermovement jump, CMJa: CMJ with arm swing permitted, DJ: Drop jump, F: Forwards, FB:
Fullbacks, GKs: Goalkeepers, L: left, LPT: Linear position transducer, MF: Midfielders, I"#$%&'()(*%!'#!+,-.&/#0$1"#03&.4.8&.5#6(,@P: Outfield
players, PL: Preferred limb, PO: Power output, PT: Peak torque, PWCi70: Power work-capacity at 170 beats‘min’! test (2x3 min cycle ergometer
test against incremental external load), R: Right, SBJ: Standing broad jump, SJ: Squat jump, U: Under, 1: Higher/increased , «»: No difference, |:
Lower/decreased.

&
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Table 2.3: Records investigating the linear and multidirectional speed of football Goalkeepers!

1S, " ()%*+, b )N /((FO'/2AF*C/S, L )AL 5% #(",k
|
Y)tx12s &'+/H*,,1/2)(& %2&,*),/2&,X1((&),,*,,F*Z"Y& %@9&F&,K+12"&)2$& &\&H/+&@9&F&,K+12"&>aA78P&,B&/+&H/#+[(12*&>aNA7NO&,B&"lF*&4*"Q**2&<:,&
899:1 Y#+XL, GIK(U*+, 28 V(*0"+/2100"1F12UiU)"™, & HA (1250, )28$4C " ik
2iA8i<=,BT >(12%) 4, KH2'BE) 2$IG) 2$G*($k  "LF*, 4
"/KQ)"0GIH/#+[ (124, "8l
<IER)E VHA[(IIK)2L,GE 26,%),/72812%, iKe/HI(12UTH @94, KH12' <=,iG) $ibi@9LFL, K+2"1>@7 GID, {TENE, Bt) 2$1@9UFL, () (/ Fi>ATOMID , IATEPG
899Mi KOW*+, 202808 V(*0"/210PIF1208U)"™*, T SHOG2UE,")+'Bi)2%k  ,BI'IF*,¢'G)2iCTik
<=5l QOUFL, ()(/FEET \IH/+4090FL, K+12'0a1 : Ph, B/ HO9LFL, () (/ FaEIOPL, BI'LF* 14 Q**2L
<(A0"*$1) 2812/ 2], * (0" $i<=, Tk
i i i i i
drir=g)[  "+/H*,,1/2)( o[, %), /2U02%  IK+/HI(12UT PigiBiFI+51dk  <=,iG)$ibiY 1YE'G)2iC " $>8PTI99L 970D, i8ETOL 97094, BTt
899:k T2U)K/HHKOW G V(*0"+/210PTF12000)"™, Tl >CTYD2$Y YR  \MH/Hc Yid*"Q**2i<=,1)2$iC " 1>a@NsL, ik
>2424NPi<= BT
WK/ " 4+/H%, 1/2) (6 "k, %), /2W1"2% 1K+ /HI(12UTH EUFTINOEFTE) 28189%  <=,iG)$IbiNOUF(>818EL9T - 9D, i879@L 9T094[(878@LITEDL, BL) 251894 F
YU8990H - +/)'D2AKOUHE  V(*0"+/2100'IFI2U8U) " ¢ Fi, K201, >@TENLOT09ID, 178 : LOTMOL[L@TAGL YT 9%, Bi, KH2"H'IF* i'G) 2iC " T
>20?2409i<=, BT \H/HELFL, KH2"EIF 4% Q**2i<=, 1) 2$iC " aNTAEL, Bk
SIKO2L  AF)™#YHXLGE  26,%),/2802%, iKeM(I2UT  MEGIOATBIFHS 1Dl \IH/+S 1YiaMiNg, Blic ! YEaMIACk, BliH) "1UA#*12$*gladlA - &, B/ +"LF L
89N K()%*+, 262108 V(0"+/2100'F1208U)™, 1l 120/+K/+)"12U8 "J10/ FK (<) 2060/ He, K+12" , IN[MEA*"Q**24< =, 1) 2$iC " ik
<=,k LOFRIF*H/% R/ TR /807/ FK(<6) 296/H, K+2"  IN[MiH/ <= , b>aMTPMMIM8E, BTtk
*)0Gk, K+12'Jic 1Yk
Sl
6725k /W, 1/2)( "1, %),/2W12% , IK+/HI(12UT NOUFL,KH2'BO[EL  <=,IG)SIbIO[ELFL) 2$UE[NOLFE'IF* , i>NTAPLITOME) 2$9TMPLOTOPE, D, &
YHBONBE  B*(UD2UKOM*+ b2k V(*0"+/2100F12UU)"™* 1 FI)2$IE[NOIFE  NTAGLOTOAL) 2$19TMBLITOAL, Ji+* , K*0"ID* (BI'G) 24CTh
2ANMi<=,BTk "IFAI0)2$IEIGINGE <=, 1G)SIbIEIGINOLF'LF*, i>NSTGBLOTAAID , INSTONL OT8EL) 2$iINSTO0L A9,
FiLKH2WIFAI +%,K*0"ID*(%B1'G) 24ck) 284S clt

b

b
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Z)#U*20*% "+, 1/2)(h W/2UL'#$12) (IH1"2*, b AQLFE, KH2'BPOINGE  <=,{0/D*+*$IQ[NOLFEI 24NTEEL 9T9P%, JINO[89LFM2INT8MLOTIER, 189 @9t
Y(HBONGE  *FI[Ke/H*,,1/2)(J Ke/HL(12UD, )U/H,*), /2t FJINO[BAFJI8I[  12INTN:LOTOAL, J8) 2$i@9 A9 F4I24NTNML OT9EE, Th
)28 F)" s+ #20(*) 814 B9LF10)2$i@9[IA%  <=,1G)$L (9[89LFED* (/01" %i>aMINIID, iaMI@EL) 2$taMI8@LF], [ Tk
h/+Q*U1)24 V(*0"+/2108'1F12UU)"™, Tid FLKU@IF* Bl +%,K*0"ID*(%B"G) 24ch) 24— CTik
KOW*+, 026 24E 24
<=,blk
b b b b b

SRAX(/E V(0286 #A[F (UM 126,%), /2H12%, IKHHL(12UT  @OUFE,KH2'BERFE  \JH/HEIFHaNIO0k, @9t F>aAlaN, Bli/HY [, $a0rost, B IF* i4*"Q**24
YUBONGE  MNOW™/+"#UB* %t V(*0"+/2100'IFI2UIU)"™, T )2SI00UFE'TF* Bl *(1"*1)2%k, #A[*("4<=,}

KOW*+, 262N 4 Y2$EY [, EIF T

<=, Bl

R TH/EE L/2)AMNOE 28, %), Z2W1I2%, K+ /HI(2UTE  AlGIOQIFES YR <=,iG)$ibi@9EFE, K+12'1" I F*>ATAALONEID, ATS - LOTNAG, B'G) 24cTt
YHBONEK  G*(UL)2UK()*+, 2k V(*0"+/ 2100 F12UiU)"™ ¢ SHY, "™ "O[ERFL) 28t \H/HEIFLIF*baNT9 1k, Bid*"Q**2i< = ) 2$4C " ik
ANP[BYI<=,Bllk > K+12",B)2$1G) 2$G*($i QOIFLIF*I2%E  NMH/HY[™, "VIF* (' fa:TESE, J#IUG" fa:TPNG, Bid*"Q**2i<=,1)2$iC " Tilk
"/KQ)"0GIY[™, "Bl Y, Wi

5*4*(/[ S*UI/2)((*(1"*0)2%k  ;24,%),/28H1"2%, (K+/HI(12U78  Migha@UF&+51dE  \IH/+%+5 1diY 1Yi4*"Q**24<=,§) 2$4C " {>aEATPPE, BT
</2s)(D* ,#A[*(I"*mNO& V(*0"+/2108"1IF12UU)"*, Tt >120(#$12Uk, ) (/FBt  <=,iG) $thiNItgiELFE, G#™ (*kY T YEN 1 TPBLITOAD, N - 7T8NL9TPME,BL"G) 24

R Y 22T YIY[)2$INigiE:  C*Tk
8ONE KOW*+, 52121004 Fi, G#" (iY 1Tk

<=B%
VIQUIZL /e 2N 20,%) J2M2%, A M2UTE BN KH2'ONOUFL <=, iG)SibiNOLFELNTPEINTPNpNTPVBID, INTPOINTE : pNTP@BL, i) 281891
) (T V2U(L,GIKO%*+, 020 V(*0"+/2100TFI2UUY™, % )2$i89uFI'IF* 8 UBTOADST: : p8IO0BID, 1872 Al>87: 9p8T: MBk, i, K+ 2"I'LF*1'G) 2 S/ 2(3Ti
8ONM: 2INGi<=,BTh YOSV IERL NHAY [, TP Qr*2i<=, 1) 28C " >a0Togk, Bl

DF: Defenders, F: Forwards, FST: Fastest sprint time, GK: Goalkeepers, MF: Midfielders, MST: Mean sprint time, !"#$%&'()(*%!'#+,-.&@P: Outfield
players, rRSA: Running repeated sprint ability test, TST: Total sprint time, U: Under, WM: Wide midfielders, 1: Higher/increased, «>: No
difference, |: Lower/decreased.
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Table 2.4: Records examining the maximal aerobic capacity of football Goalkeepers

1S, " ()%*+, b ="k /((*0"1/ 2% 3))A* U 5%#(
! i i i k
d+2),/2t%  "+/k*,1/2)( "o, %), J20H12% I+ /HI(12UT I, Tik <=,i6)$4 (ICsn., 1*()"IDL"/16 SHEMALATMID, P8I : LATAYIPATILATAL
)(11899AL [0%()2B100KO %<+ b 32, KLFSPgKIH$iU)  i$#+12Uk F XU 12" B1'G) 24C " ik
>2U2ANEi<=,B 120#F*2") (1) SF1((E", T8
Y)G)OF D) ZIUGHLO0G//(EmNzk  cl'2%, IK+/HI(12UB>,") Ui/ 3Cses, Th <=,i6)$4 (ICsn, 1*()"1D*I"/16 SIEATBLATEID, IPNTALETQLF (XU WIF 12" B
899P 0)K)2%, KW,k ,*),/2i#20(*) 48T "G)24C " Wb INIH/H) 4,/ (# U Cgr 2>a0T - MIWIF 12" BI4*" Q**20<= ,8) 23
S2420Pl<= Bl -2, KI*$PgKLH$IU)  i$#+12Uk C"ll
120PF*2") (1) SF1((E", T8
<1(F*"%) (T VRAD(UUIK)2L,G0 520, %), /2W1"2%, IK+/HI(12UTE B, Th <=,i6)$4 )4,/ (#"*13Cs-. POTPALITOSID, IANGLITOME[LATOMLNIOOMIF 12!
899Mi KOW*+, 0202808 V,"IF)"*$i+/Fid,"+) 2% "B1)2$ABC e+, 1+%()"ID*1" /46 SE>A: TALNNINGD , EEMIMLOTOR[EPSTALNIIMEF (IXU!
<=, Bl OUO(HI<HU/ 4% T "WF12"B'G) 24C " ik
NUAIC e, %) ID*/16 Shoah  TAF (XU WF12" BIA*"Q**28, * (0" $4) 284
2/2[*(*0"*$h<=, ik
drir=9@  “+/r,,1/2)( e[, %), J2H12%, K20 I, Th <=,i6)$4 (ICsnr, 1*()"ID*I"/16 SIEIIBLETEID, IEATBLATALF (XU WIF12" B
899:k 112U)K/+1) 24 V,"TE) it/ FUA**KR"™ Tl "G)24C " Th
K()%*+, b>202INPi
<=8l
IK/HLEFD)( "+, 1/2)( e[, %), J20H12% I+ HI(12UT I, Tk <=,i6)$4 (ICsn+, 1#*()"ID*L"/16 SIEITELSTMD, iE - TOLSTNA[tPSTALATNG
8990 H)DAKOWRL 52, KIS gKI*SIU) IS8+ 1208 Z5es, Tk F (XU 0IF12"BL) 2816 W) K/ 210/ FK(*"1/ 20>016L @TNID , INOTEL @TNE[E
>202409i<=, BT 20HF*2)()SEL(E™, "8 F)glF)( N@TBLNIOUFF/(W" Bi'G)2iC " T
22120 NUH/HZ5-, baN:0i4%)",IF12" B/ HF) gLF) (###2212Uf, K**$>aNETAX FIG'
KSID280 B QR 24<= ) 2$4C " L
BW)HK/ 2
0/ FK(*"1/ 2Tk
677257 )k "+, ,1/2)(k e[, %), J2H12%, K20 DCsrr, 128 <=,IG)$h 1 C s o+*()"ID*'/46 SIESINLETOD, (EETPLOTEA[IPNTSLETM
89N8i B*(UD) UK+, 2k 2, KI$PgKL*$IU)  IS#1200 WYL F (XU 0IF12"BL) 281 AWY>NSTMLNTAD,, INGTAL OTPEpINATAL 9TMIX FIG" BE'G) 28

PINMg=<<=, BTk

1204 F*2") (1) S, T

Cr T
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B4/ V8288 HA[U*L ;20,%), /2812, K+ /HI(L2U Y =Tk /Y — 145 Qr* 20 (1"%1) 281, #A[* ("< =, 1>a008LF BTk
89Nk MNOG™ /+"#U#* %t §/[§ /6580, "Tiik
K()%*+, 242N 2
<=, Bl
i i i i i
AR T, L/2)(IMNOE  526,%), /21U2%, IKH/HL(12U Y =Tk <=,40/D*+*$i LY —>NEMELSNGID, i8@NPLEAQS[!S@E@L GONSFBL'G) 24C " Tk
89NE 6*(UL) MKW, 26§ /[ § /45N, "k
2Azi<=, Bl
i i i i i
5*4*(/[ S*UL/2)(*(I*6) 284 ;21,%),/2W1"2%, IK+/HI(L2U Y =Tk <=,{0/D*+*$4" LY —>NENOLABAID , INIMMLP89:FBL'G) 2iC " T

</25)(D* ¥} #A[*(I"imNOk B**KA"™, "Ml
) (1i8ONE " JEHURE K

KOW*+, 52121004

<=8l

Y/Q(,/72*"¢  "+/H%, I/2)(@mNzE ;26,%),/201°2%, K+ /HI(12U%  Y-Th NH/HY —14*"Q**2i<= ) 2$iC " (>a8880LF BTk
) (T689NM&é V2U(1,GEK()%*+,028  B**K§"™,"Ta
2IN9%<=,BTk

S0/, ) "+, 1/2)(k e[, %), J2H12% K HI(12UT I, <=,i6)$4 (I Csn+, 1#*()"ID*L"/16 SHENTELETMD, {EPINLPTGE) 2$4EPTELPTO
89N 2k LOKH/TKOUR B2 52, KLF$FgKISIUY  i$#+1208 FXU" UF12"B'G) 24S o) 2$he </ 2 (%l
2IN:i<= BTl 120PF*2") (1) $EL((E"™, T i

BM: Body mass, BLa: Blood lactate concentration, GKs: Goalkeepers, HRmax: Maximum heart rate, LT: Lactate threshold, MF: Midfielders, !"#
$%&'()(*%!'#1+,-.&@P: Outfield players, TD: Total distance, U: Under, WG: Wingers, 1: Higher/increased, «<»: No difference, |: Lower/decreased.
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Table 2.5: Records investigating the football-skill performance of football Goalkeepers!

"#$%& "O)&*+,! | DLI((O#LI213*#4/%, | 5)+1)6(*,!! 7*$(#, !
| | | | |
Y)txi2i /b, 1/2)(8 20,%), 726, XU(®),, 5, F*2 T —+44(12U8, K**$ <=, 1"/ /XU"LF*{"/80/ FK(*"*>8NINALOTE 4D, {89TESL 970 - 4
899: Y#XL, GIK() %%+, 052k Z)2$G*($4,"/KQ) 06Tk SF*/I0/FK(*"*B,  89TPOLITEOL, B'G) 24C " Tid
24A8i<=,BT
i i i i i
VAXF*24 "+, ,1/2) :20,%), 720, XUQ), %, F 2T Z¥)S12UD)00#)0%  <=,i,0/+*$4"1'G) 2ici>PTIOAL@1@ - D, {0TANL @TONEIMBEQG*24
89904 Y#EXL, GIK() %%+, 8528 1#4k*0"1D* (%L, 0/+*$49[PTL >,0/+44QG*24 +*0*1D12UtH+/ FE128H+/ 2" Th
2A4AMG<=,BTk HOID*SI/FU2E  <=,1,0/+*$4"G) 24— Cl) 2$Bici>ATOBLATNELD , iPTN@L OTAEL) 25k
He/2'0) 2/ FE'G*E 1 TEQLATA: &)#BleG*24+*0*1D12Uik+/ Fi'G*4+UG"|ik
+UG'BTE
i i i i i
54/ V)28 HA[ 1 ;26,%),/2WH12%, WKHHI(12UT  B)((072"+/ (14 \GH/+A) ((10/2"+/ (1>aNIPE'/#0G* , Bi/+i$+144(12Uk, K**$i>aNPT : O, Bl
YHBON@E  mNOL™/+'#UH* %k V(*0"+/2108'1F12UiU)"* & "JHOG*, B) 24 AR QR0 (1) 25, HA[H (1< =, Tl
K()%*+,e>26?N zé >$+144(12U8, K**$BIkik $H144(12U8, K**$4
<=, Bl S'TE*"/00/ FK(*"*B74
i i i i i
—EKEEPFE TR L/2)(IMNOE  i28,%), Z281U2%, BKH/HII2U m<F2U$HA4(12U8 <=, 1"/ /Xibi'IE*4>897ESLLIBTOPID, INMIMMLNINOA[EN : TBMLNT@8E, B
YOUBONEE  6*(UL)2IK()W*+, 02k Z)2$G*($4,"/KQ)"0GM e PER "G) 24C " Thid
2iNME<=, BTid 0/ FK(*"*Th
i i i i i
5*4%(/[ S*UL/2)(F*(1"*8) 288 ;28,%),/281"2%, (K+/HI(12U%  6)((10/2"+/ (6> 1k \GH/HA) ((10/2"+/ (1>aNAOL'/#0G*  Bid*"Q**24<=,{) 2$1C " Tk
</2s)(D*,b ,#A[*(I"*ImNOL C4,*1D*H0/#2"12Up"/#0G* 4 "/#0G* BJk,G/+'4 <=,{0/FK(*"*$1"IK), ,*,>NSLEID,I8ALBIK) , , *,B0) 2$4G) $ibk
*P)(MBINEM = /+"#U#* | K),,* BJi/4,*+D*+,0/+12U¢ K),, 12U 1K), ,*, {2k  $+144(12U8"LF*>N8TOPLOT: 14D, INSTANLITPOL, BI'G) 24C " Tk
KOW*+, 0202400 >,6//"12U8)00#+)0%B]E) 2% 89%,B]t,G//"12Ut <=,{G)$ibi,G//"12U8) 004+) 0%>8@AL LD , INOL @K /12", B'G) 24C ™1
<=,Bi G)2$[G*($t,"/KQ)"0Gk )00#+) 0%%> 14K/12" B8
>$H144(12Uk, K**$BTHd )2$i$+144(12U8, K**$k
S"TFE*"/40/ FK(*"*BTt

AU: Arbitrary units, DF: Defenders, F: Forwards, GK: Goalkeepers, "#$%&'()(*%!'#!+,-.&@P: Outfield players, U: Under, 1: Higher/increased, «<>:
No difference |: Lower/decreased.
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Table 2.6: Records investigating other aspects of performance in football Goalkeepers!

"H$%o& '0&*+,! | DH)LI((*0#1/2 ! 5)+1)6(*,!! 7+ $(#, !
! ! ! ! !
d+2),/2t%  "4/k*, 1/2)( “[%), S22,k Z)F, 20,0 <=, 1G) $tIZIKIH(*g/+i>N - NTALPTELD, iNM: TELET - {[iNMOTOL ETNGBE) 28
)(11899AL J0%()2810K )%™+, 02k Ke/HL(12UTh YSSHO"/+ Jk*0" .6 +¥0"H, 4 F/+1, BN@ - TEL 1 796D, INGATOLMINE[INGAMLMIQBIS C S'G) 2iC " Tk
28Ai<=,BTi "G/ /UDKGD2)(h, 1,0 KAF/H,D2$IGIKE &
)2$iU/ 21/ F*"4 H(*g/+,{5C ST
RIX/(I$L,E%"  <#**Xi—IDL,1/28[EL ;21,*%),/2W1"2*, & 5CSH /41 d5i5C SPasEMOFBI4* Q**2i<=,1) 2$1C " ik
) (1I8INAL KO)%*+, b>202INEE K+/HI(12UT
<=, 154, "k
SRR THEE, L L/2)EMNOE  520,%), /281"2%, 5CS)28U+/, ¢ \UH/H1d5I5CShasWAIOFBI4*"Q**2i<=,i)2$iC " T
89NEL BX(UD2UKO)W*+,b2t  K/HL(12UTk F/"/40//+$12)"1/ 216 \M/HE/"/+0/7+$12)"1/ 2baM8idmBI4*"Q**24<= 1) 2$4C " Tk
2INP[89i<=, BTt 1d50, ") 2$i=Y =i
" T

AU: Arbitrary units, GK: Goalkeepers, KTK: Kdrperkoordination Test fiir Kinder, I"#$%&'()(*%"#!+,-.&®@P: Outfield players, ROM: Range of
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2.4 Match performance of football Goalkeepers

Whilst some authors have used notational analysis or data from official tournament websites
to provide counts of technical actions, others have employed various forms of player-tracking
in an effort to quantify the physical demands faced during match-play (table 2.1). Accordingly,
the eight records that have investigated the on-field performance of football Goalkeepers have

been categorised into those focusing on either Goalkeepers’ physical or technical performance.

I"#'$%68. ()*+,-%./01203, 4%

It is widely reported that outfield players cover ~10-12 km-match™! (Russell et al, 2011, Russell
et al, 2016, Mohr et al, 2003, Bangsbo et al, 2006, Krustrup et al, 2006, Di Salvo et al, 2007,
Di Salvo et al, 2009, Barnes et al, 2014, Stelen et al, 2005) or up to ~14 km if matches require
extra-time (Russell et al, 2015), but unsurprisingly Goalkeepers seldom appear to achieve such
distances. When observed via a multi-camera tracking system, English Premier League (EPL)
Goalkeepers recorded ~5611 m-match! (Di Salvo et al, 2008), whereas international
Goalkeepers elsewhere have averaged ~4183 m-match™! (Soroka., 2011) and elicited rates of
~46 m'min’! (Clemente et al, 2013). Additionally, a Dutch professional Goalkeeper on match-
day (including warm-up) accumulated ~5985 m (Malone et al, 2018). Irrespective of
differences between studies, these distances represent ~50% of those covered by outfield
players (Russell et al, 2011, Russell et al, 2016, Mohr et al, 2003, Bangsbo et al, 2006, Krustrup
et al, 2006, Di Salvo et al, 2007, Di Salvo et al, 2009, Barnes et al, 2014, Stelen et al, 2005),
and may explain why no between-half declines in total distance (TD) have been observed
within any intensity threshold for international or EPL Goalkeepers (Di Salvo et al, 2008,

Soroka et al, 2011).
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Indeed, where outfield players are concerned, the greater between-half decrements in high-
intensity running (HIR) for midfielders compared to other positions (Di Salvo et al, 2009,
Rampinini et al, 2007), and for ‘top-class’ versus ‘moderate-class’ players (Mohr et al, 2003),
indicates that the magnitude of performance decline is positively influenced (n? = 0.04-0.10)
by the overall amount of activity being performed (Rampinini et al, 2007). Notably, the
disproportionate increase in the number of goals scored during the final 15 min of match-play
(Reilly, 1997, Njororai, 2013), and suggestions that progressive fatigue of outfield players may
increase the number of scoring opportunities, means that the ability of Goalkeepers to maintain

physical and technical proficiency for the duration of match-play may be crucial.

Such conjectures may be particularly relevant when considered alongside empirical
observations that Goalkeepers report high levels of mental fatigue over the course of a match,
which has demonstrated the potential to influence both physical and skilled performance
(Smith et al, 2016). In addition, Goalkeepers may face lengthy periods during which they are
not directly involved with play, which may deleteriously affect their ability to subsequently
produce high-degrees of muscular force. Indeed, half-time research in outfield players has
demonstrated that declines (~2°C) in muscle (Tm) and core (Tcore) temperature following ~15
min of inactivity are accompanied by significant reductions in countermovement jump (CMJ)
peak power output and sprinting performance (Mohr et al, 2004, Kilduff et al, 2013, Russell et

al, 2015).

In a study of EPL Goalkeepers, only ~1% of TD (~56 m) consisted of high-speed running
(HSR; defined as 19.9-25.2 km-h™"), whereas the majority of distance (~4025 m) consisted of
walking, with only ~10 high-speed runs and ~2 sprint (>25.2 km-h™!) actions performed per

match (Di Salvo et al, 2008). Although empirical observations posit that these metrics may be
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heavily influenced by other contextual variables (e.g., opposition quality, playing formation
etc.), no study has investigated such suggestions to the authors’ knowledge. When international
Goalkeepers’ activities were categorised by intensity, ~98% of time was spent in the low-
intensity threshold, compared with ~83% for outfield players (Clemente et al, 2013). Moreover,
Goalkeepers on match-day (including the warm-up) may perform as few as ~11 and ~5 high-
speed (defined as >3 m-s2) accelerations and decelerations, respectively (Malone et al, 2018).
Conversely, professional outfield players perform up to ~14 high-intensity accelerations and
~24 high-intensity decelerations in a single 45 min half (Russell et al, 2016). However, caution
must be exercised when interpreting traditional Global Positioning System (GPS) metrics in
isolation, as other physically demanding actions such as high-velocity kicking, jumping,
throwing, and diving are likely to increase the overall physical load experienced by

Goalkeepers (Russell et al, 2011).

Other studies have used observational techniques to identify the type of activities performed
by Goalkeepers during match-play. During the 2002 World Cup, the most common movement
preceding a technical action was ‘displacement’ (~19 #-match™!), with movements forward (~9
#-match™') being the most frequent (De Baranda et al, 2002). Dives (~6 #-match™!) and jumps
(~4 #match!) were performed less often but appear empirically to represent moments of
paramount importance during a match (i.e., to prevent scoring opportunities). When Italian
professional Goalkeepers were observed during 10 official matches, a total of ~52 forward and
~40 lateral running actions were performed per match, moving on average ~3.6-3.7 m (Padulo
et al 2015). These Goalkeepers covered ~270 m-match™! at high-intensities, which exceeds the
HSR distances (~56 m) observed for EPL Goalkeepers (Di Salvo et al, 2008). However, such
inconsistencies may be attributable to methodological differences, as the former study (Padulo

et al 2015) defined ‘high-intensity’ to include any action in response to a potential threat on
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goal, rather than the velocity thresholds (i.e., 19.9-25.2 km-h!) employed in the EPL study. In
addition, Division C Italian Goalkeepers covered 60% more high-intensity distance than those

one division below (Padulo et al 2015).

The substantially lower distances covered by Goalkeepers when compared with their outfield
counterparts may have important implications for training and recovery practices. Observations
that physical performance is at least maintained between halves (Di Salvo et al, 2008, Soroka
et al, 2011) suggest that Goalkeepers accumulate minimal amounts of physical fatigue during
match-play. In addition, a professional Goalkeeper has been reported to cover 2553-3742 m at
43-49 m'min! during an in-season training session (Malone et al, 2018), compared with 4203—
6515 m at 74-89 m'min’! for other positions (Malone et al, 2015). Despite covering less TD
during training when compared to match-play, Goalkeepers may record equivalent or greater
values for high-intensity accelerations (~12) and decelerations (~7), and GPS-derived player
loading metrics during a midweek training session than on the whole of match-day itself
(Malone et al, 2018). It is therefore possible that for some specific variables, Goalkeepers
experience lower physical loads on match-day when compared to certain training types (e.g.,
the number of dives performed in match-play may be less than in a shot stopping-specific
training session). In light of the above, further investigation into the physical demands of
various Goalkeeper-specific training modalities would aid practitioners in the planning and

delivery of Goalkeeping training sessions and recovery modalities.

I"#"1%5/+'4*+,-%./01203,4+/86

The unique nature of the position means that Goalkeepers must possess different skills from
those of other players who are not required to save, catch, block, punt, or punch the ball.

However, studies investigating Goalkeepers’ technical performance during match-play have
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reported inconsistent results, perhaps due to differences in methodology, terminology, and the
inherent influence of situational factors on the pattern of football match-play (Dellal et al, 2011,
Bradley et al, 2011, Bradley & Noakes, 2013). De Baranda et al, (2002), reported that
international Goalkeepers performed ~23 defensive technical actions over 90 min, of which the
most frequent actions were ‘saves’ (i.e., blocking a scoring opportunity; ~10.0 #-match™!).
Although an investigation of Spanish professional Goalkeepers reported a lower incidence
(~2.9 #-match™) of saves (Hongyou et al, 2015), these studies reinforce that the main defensive
role of football Goalkeepers is preventing scoring opportunities and confirm that these events
occur relatively infrequently during a match, although they may be modulated by various

contextual factors.

When league standing was used to group Spanish La Liga clubs into high, intermediate, and
low-standard teams, Goalkeepers on high-standard teams (i.e., top six league positions) made
fewer saves than those on low-standard teams (~2.9 vs ~3.4 #match™!' ) and also performed
fewer touches of the ball, passes, interceptions, clearances, and catches (Hongyou et al, 2015).
Such findings are analogous to observations in outfield players in which league position
influences the number of technical involvements during match-play (Rampinini et al, 2009).
However, whilst outfield players on higher-standard teams may perform technical actions (i.e.,
dribbles, shots, passes, and tackles) with greater frequency than their lower-standard
counterparts, the mostly defensive nature of the position means that for Goalkeepers this

relationship appears to exist in reverse (Hongyou et al, 2015).

With regards to the influence of opposition, Goalkeepers on low and intermediate-standard
teams made more saves when facing high-standard opposition (i.e., ~4.2 and ~4.3 #-match™!,

respectively) than when facing other low-standard teams (i.e., ~2.9 and ~3.4 #-match!,
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respectively) (Hongyou et al, 2015). Conversely, Goalkeepers on high-standard teams made
more saves when facing low-standard opposition than when facing intermediate or other high-
standard teams. Such counterintuitive findings may be attributable to differences in playing
style/formation when high-standard teams face lesser opposition, whereby adopting a more
expansive approach may create opportunities for the opposition to counter-attack. It is also
possible that in an effort to mitigate the effects of fatigue across a season, managers of high-
standard teams may field a ‘second-string’ starting 11 when playing against teams perceived
to be of a lower-standard. Speculatively, the potentially weakened defensive line-up may

permit a greater number of shots on goal than when first-choice players are selected.

As may be expected, La Liga Goalkeepers on low-standard teams were required to make more
saves in matches that they lost (~3.9 #-match'!) compared to those drawn or won (~2.9 #-match
1, whereas match-outcome exerted no influence on the number of saves for Goalkeepers on
teams classed as intermediate or high-standard (Hongyou et al, 2015). Finally, low and
intermediate-standard Goalkeepers made more saves when playing away (~3.7 and ~4.1
#-match!, respectively) than when playing at home (~3.1 and ~3.2 #-match™'), yet location had
no effect for high-standard Goalkeepers. Therefore, whilst professional Goalkeepers may make
relatively few saves (~2-10 #:match™!) over the course of 90 min (Hongyou et al, 2015, De
Baranda et al, 2002), a number of factors appear to modulate this response. In addition, because
the ability to obstruct shots on goal has clear relevance to the overall score, these actions may
be considered amongst the most important moments during a match. Accordingly, although
limited research exists pertaining to the design of Goalkeeping sessions (Otte et al. 2020),
empirical observations suggest that saves comprise a substantial portion of Goalkeepers’
position-specific training as they seek to minimise the number of goals conceded (~0.2-0.4

#-match™') as a direct result of Goalkeeper error (Nassis, 2013).
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2.5 Strength and power of football Goalkeepers

Twelve eligible records have investigated Goalkeepers’ force-production capabilities (Table
2.2), with the majority employing jump protocols or assessments of strength during isometric
or isotonic muscle actions. Given the synergistic role of the hamstrings and quadriceps during
football-specific actions such as kicking and running, it is unsurprising that these muscle

groups have been the primary focus of many investigations.

When tested using isokinetic dynamometry at an angular velocity of 60°s™!, professional
Brazilian Goalkeepers demonstrated greater concentric knee flexor and extensor peak torque
(PT) compared with all outfield positions except for centre-backs (Ruas et al, 2015). However,
when knee flexion was tested eccentrically, no differences existed between these positions.
This latter finding may be attributable to the role of the hamstring musculature acting
eccentrically during sprinting and decelerating tasks (Schache et al, 2012), and related to the
additional sprinting volume, and thus development of eccentric strength, in outfield players
compared with Goalkeepers during training and match-play (Di Salvo et al, 2007, Di Salvo et
al, 2009, Di Salvo et al, 2008, Malone et al, 2018, Malone et al, 2015). Brazilian under-17
provincial players also performed concentric knee flexion and extension at 60°-s™!, and whilst
Goalkeepers generated higher PT than all outfield players except defenders, this was only true

in their non-preferred limb (Bona et al, 2017).

Conversely, when the angular velocity was increased to 300°-s™!, Goalkeepers and defenders
produced higher flexion and extension PT in both%mbs versus all other positions (Bona et al,
2017). The differential findings for preferred versus non-preferred limb may indicate greater
bilateral symmetry for Goalkeepers and defenders than players in other positions. Indeed,

whilst Goalkeepers in this investigation demonstrated between-limb deficits in PT of ~1.5-
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3.7% when tested at 60°s™!, the corresponding deficits were ~11.3% and ~10.0% for fullbacks
and midfielders, respectively (Bona et al, 2017). In contrast, a study of Greek professional
players, identified no influence of playing position on isometric grip, leg, or leg and back

strength (Nikolaidis et al, 2014).

Using a linear position transducer, professional Icelandic Goalkeepers recorded higher
concentric power outputs during Smith machine back squats (~1451 vs ~1309-1400 W), when
compared with all outfield positions (Arnason et al, 2004). However, no differences were
observed for squat jump (SJ; ~0.36-0.38 m) or CMJ (~0.38-0.39 m) height; perhaps because
the Goalkeepers were significantly heavier than their outfield counterparts. Similarly, sub-elite
Spanish Goalkeepers achieved similar SJ (~0.39-0.42 m), CMJ (~0.41-0.43 m), and drop jump
(DJ; ~0.41-0.44 m) heights relative to outfield players of the same level (Gil et al, 2007). No
differences in CMJ height (~0.37-0.38 and ~0.30-0.32 m) between positions were observed
either for under-19 Portuguese (Rebelo-Gongalves et al, 2015) or under-18 English players
(Towlson et al, 2017). Moreover, no differences in CMJ height (~0.36-0.38 m) or standing
broad jump distance (~2.19-2.30 m) were identified amongst professional Belgian under-19
Goalkeepers and outfield players (Deprez et al, 2015) and Nikolaidis et al, (2014), reported

homogeneity across positions (~0.37-0.41 m) when CMJ was performed with an arm-swing.

Other studies have suggested differential jump performance between Goalkeepers and other
positions. Using pooled data from professional, semi-professional, and amateur Norwegian
players, Haugen et al, 2013, highlighted greater CMJ height (~0.40 vs ~0.38 m) for
Goalkeepers versus midfielders. Additionally, professional Belgian Goalkeepers jumped
higher in the SJ (~0.42 vs ~0.39 m) and CMJ (~0.46 vs ~0.41 m) than fullbacks and midfielders

(Boone et al, 2012), whilst SJ (~0.47 vs ~0.42-0.44 m) and CMJ (~0.49 vs ~0.44-0.45 m)
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performances were superior for professional Croatian Goalkeepers than all outfield groups
(Sporis et al, 2009). Conflicting findings between studies may be reconciled with reference to
the populations under investigation. Indeed, it appears that jump performance is largely unable
to distinguish Goalkeepers from other positions where under-19 players are concerned (Rebelo-
Gongalves et al, 2015, Towlson et al, 2017, Deprez et al, 2015), whereas the greater jump
heights demonstrated by senior professional Goalkeepers versus outfield players (Haugen et
al, 2013, Bonne et al, 2012, Sporis et al, 2009), suggest the importance of explosive power for

Goalkeepers at the highest level.

Empirical observations also suggest that match demands may differ between playing levels and
according to opponents’ playing ‘style’. Goalkeepers in competitions where opposition teams
frequently employ high crosses as an attacking ploy may be required to jump higher and more
frequently than those where the ball is mostly kept low to the ground. Such observations may
be important from a training perspective as practitioners must ensure that Goalkeepers are
physically prepared for the rigours of match-play, with particular reference to the specific
demands faced. The influence of playing level on Goalkeepers’ force production is further
highlighted by observations that elite under-19 Goalkeepers generated greater knee flexion
(~117 vs ~91 Nm), and extension (~236 vs ~202 Nm) PT, and tended to perform better in the
SJ (~0.41 vs ~0.34 m) and CMJ (~0.42 vs ~0.33 m) than their sub-elite counterparts (Rebelo
et al, 2013). However, the implications of strength/power capacity for player selection are less
apparent, and no difference in CMJ performance (~0.41-0.42 m) was identified amongst sub-
elite Goalkeepers, between those selected and those ‘dropped’ at the end of the season (Gil et

al, 2007).
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Nikolaidis et al, (2014), assessed the anaerobic power of senior Greek players using three cycle
ergometer assessments and observed no differences in power output between Goalkeepers and
outfield players in any of the three protocols. However, when corrected for body mass
Goalkeepers produced lower mean power (~8.2 vs ~8.8-9.1 W-kg!) than their outfield
counterparts during a Wingate test. Nevertheless, caution should be exercised when drawing
conclusions from cycling assessments, as these modalities bear little resemblance to the jumps

and dives performed by Goalkeepers during match-play.

2.6 Linear and multidirectional speed of football Goalkeepers

The ability to quickly cover ground is crucial for outfield football players, who may perform
150-250 brief, intense actions during match-play (Mohr et al, 2003, Bangsbo et al, 2006).
Whilst Goalkeepers may only perform ~2 sprints-match’!, each typically <10 m in length (Di
Salvo et al, 2008), these actions may represent important phases of play that are directly linked
to opportunities to influence the score. With this in mind, 11 eligible records (table 2.3) have
investigated the linear and/or multidirectional speed capabilities of football Goalkeepers during

1solated assessments.

Most studies employing short (<30 m) straight-line sprints have identified significant
differences in performance between Goalkeepers and outfield players. English professional
under-18 Goalkeepers were slower over 10 m and 20 m (~1.65 and ~2.94 vs ~1.60 and ~2.84
s) than wide midfielders (Towlson et al, 2017), whilst under-19 Belgian Goalkeepers took
longer than forwards (~4.44 vs ~4.28 s) to complete their fastest of four 30 m sprints (Deprez
et al, 2015). Studies in senior players have shown similar findings, with sub-elite Spanish
Goalkeepers achieving slower 30 m times (~3.83 vs ~3.51 s) than forwards following a flying

start (Gil et al, 2007), and professional Belgian Goalkeepers completing the first and second
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5 m of a 10 m sprint in ~1.46 and ~0.76 s, compared with forwards’ ~1.43 and ~0.72 s,
respectively (Boone et al, 2012). Likewise, in senior Norwegian players, Goalkeepers achieved
lower 0-20 m speeds (~7.10 vs ~7.35 and ~7.23 m-s!) than forwards and defenders (Haugen et
al, 2013). The only study to observe differential sprint performance between Goalkeepers and
,--%outfield positions highlighted slower 10 m (~2.35 vs ~2.03-2.23 s) and 20 m (~3.51 vs
~3.28-3.43s) times for professional Croatian Goalkeepers versus their outfield counterparts

(Sporis et al, 2009).

Although one investigation reported no difference in 30 m sprint time between Goalkeepers
and any outfield position (Taskin, 2008), the majority of studies highlight Goalkeepers as
amongst the slowest players within a squad. Interestingly, two studies in which professional
Goalkeepers were slower over 10-30 m reported no such positional differences during the
initial 5 m for players of either senior (~1.06-1.08 s) or under-19 (~1.39-1.47 s) standard
(Deprez et al, 2015, Sporis et al, 2009). Although these findings conflict with a study of
professional Belgian players (Boone et al, 2012), it is plausible that a Goalkeepers’ high
capacity for lower-body force production enables them to match outfield players during the
initial acceleration phase (Arnason et al, 2004, Haugen et al, 2013, Sporis et al, 2009). Such
observations are potentially important given the requirement for Goalkeepers to perform short,

explosive movements in response to opposition attacks.

Indeed, the ability to rapidly cover distances of 0-10 m appears intuitively to represent an
important training focus. When performance throughout repeated sprint protocols has been
assessed, results have been conflicting. Whilst professional Goalkeepers took longer (~26.0 vs
~25.4 s) to complete 6x20 m than outfield players, a protocol involving 7x30-35 m sprints,

each incorporating a slalom, has produced no differences in total (~53.5-54.6 s) or mean (~7.5-
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7.7 s) sprint time between Goalkeepers and outfield players in samples of Portuguese under-19
(Rebelo-Gongalves et al, 2015), or amateur Turkish (Kaplan, 2010), players. Moreover, Kaplan
(2010), demonstrated Goalkeepers’ abilities to maintain performance over seven sprints when

separated by 25 s of active recovery, as no sprint was significantly slower than any other.

However, notwithstanding the possibility for Goalkeepers to face repeated attacks on goal, the
ecological validity of repeated sprint assessments to evaluate football-specific fitness may be
called into question for Goalkeepers. Indeed, the requirement to repeatedly cover distances
>10 m appears inapplicable to Goalkeepers who remain close to their goal and perform ~2
sprints during an entire match (Di Salvo et al, 2008). Given such demands, it seems that very
short-duration explosive power is of paramount importance for executing the dives and jumps
that characterise the role. Notably, empirical observations suggest that Goalkeepers may be
required to make multiple dives (including returning to feet between dives, and possibly
kicking long distances thereafter) within a short time-period during sustained attacks by the
opposition. Therefore, it may be that repeated dive, jump, or kicking assessments are more
specific to this playing population and may enable the responses to very intense periods of

match-play to be quantified.

In addition to linear sprints, assessments have been made of Goalkeepers’ multidirectional
speed. As was the case for straight-line running, sub-elite Spanish Goalkeepers took longer
(~5.0 vs ~4.6 s) than forwards to complete a pre-planned slalom test (Gil et al, 2007). Similarly,
professional Belgian Goalkeepers were slower (~12.3 vs ~12.0 and ~12.1 s) over a 5x10 m
shuttle-run than either forwards or midfielders (Boone et al, 2012), and Portuguese under-19
Goalkeepers were slower than outfield players (~18.6 vs ~18.2 s) over 10x5 m (Rebelo-

Gongalves et al, 2015). In contrast, no between-position differences in T-test performance
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(~9.1-9.3 and ~8.4-8.6 s) were identified amongst professional under-18 (Towlson et al, 2017)
or under-19 players (Deprez et al, 2015). Taskin, (2008), implemented a ‘four-line’ sprint
protocol in a cohort of professional Turkish players and observed comparable performances
between Goalkeepers and outfield positions. It should be noted however, that although
Goalkeepers may be required to rapidly change direction during a match, because they operate
primarily within a small area (De Baranda et al, 2008) and must respond to unpredictable

stimuli, pre-determined multidirectional courses may not fully reflect the demands of match-

play.

When comparing between playing levels, Rebelo et al, (2013), reported similarities amongst
Portuguese under-19 players, but large effect sizes were observed alongside a tendency for elite
Goalkeepers to outperform their sub-elite counterparts over 5 m (~1.0 vs ~1.2 s), 30 m (~4.3
vs ~4.6 s), and during the T-test (~9.0 vs ~9.4 s). However, no difference in flying 30 m sprint
(~3.8-3.9 s) or 30 m slalom (~5.1-5.2 s) times existed between Goalkeepers from a sub-elite
Spanish club who were successful or unsuccessful in the end of season selection process (Gil

et al, 2007).

2.7 Aerobic capacity of football Goalkeepers

Table 2.4 outlines the 11 records that sought to determine the aerobic capacity of football
Goalkeepers. Irrespective of population, most investigations report that relative to body mass,
Goalkeepers’ maximum oxygen uptake falls below that of their outfield counterparts. During
incremental treadmill tests, professional Goalkeepers have consistently recorded lower VOamax
values (~50-57 vs ~56-63 ml-kg! ‘min’!) than outfield players (Arnason et al, 2004, Boone et
al, 2012, Sporis et al, 2009, Aziz et al, 2008). Notably, a study of professional Cypriot players

(Marcos et al, 2018) observed lower values for Goalkeepers (~51.5 ml-kg™! ‘min’!) only when
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compared with midfielders and wingers (~56.1 and ~56.5 ml-kg' ‘min!). A lower VOamax has
also been reported for Japanese high school (~54.2 vs ~61.4 ml-kg"! ‘min!) and sub-elite
Spanish Goalkeepers (~48.4 vs ~57.7-62.4 ml'kg! -min"!) when compared with their outfield
counterparts (Gil et al, 2007, Tahara et al, 2006). The lower values in the latter study compared
with others may be attributable to inconsistent methodologies, as this investigation (Gil et al,
2007) estimated VOamax from a cycle ergometer test, rather than during incremental treadmill
running. It is plausible that because football players are more accustomed to on-feet modalities,
they may demonstrate reduced efficiency during cycling tests, and exhibit lower VOamax values

as a consequence (Withers et al, 1981).

Other studies have assessed aerobic capacity by measuring TD during various forms of multi-
stage fitness test. Inferior performance has been reported for Goalkeepers compared with
outfield positions in both professional Belgian (Deprez et al. 2015), and regional Portuguese
(Rebelo-Gongalves, 2015) under-19 players, although a study of professional English under-
18 players observed no difference in TD between positions (Towlson et al, 2017). Finally,
whilst the use of standardised protocols allows cross-study comparisons, the only investigation
to directly compare multi-stage fitness test performance between different playing levels
observed a tendency towards greater TD (~992 vs ~647 m) for elite versus sub-elite under-19

Goalkeepers (Rebelo et al, 2013).

It therefore appears that Goalkeepers at all levels possess lower maximal aerobic capacities
than outfield players, which seems in keeping with their vastly different match-play (Di Salvo
et al, 2008, Soroka et al, 2011, Malone et al, 2018) and training demands (Malone et al, 2018,
Malone et al, 2015). However, because Goalkeepers are required to perform less overall

running than outfield players and appear not to suffer within-match declines (Di Salvo et al,
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2008, Soroka et al, 2011), enhancing maximal aerobic capacity may not be a priority for
Goalkeepers whose training appears to focus on technical proficiency and short-explosive
movements within confined spaces. That said, established relationships between aerobic
capacity and recovery between high-intensity efforts (Tomlin & Wenger, 2001) highlights a
possible role of aerobic conditioning for players who may benefit from faster recovery rates

and an enhanced ability to maintain performance over repeated high-intensity actions.

2.8 Football-skill performance of football Goalkeepers

Five eligible records (Table 2.5) assessed the performance of Goalkeepers in tests of football-
specific skill. In professional Turkish players (Taskin, 2008) professional under-19 Belgian
players (Deprez et al, 2015), and regional under-19 Portuguese players (Rebelo-Gongalves et
al, 2015), Goalkeepers displayed worse dribbling performance than outfield positions.
Likewise, Goalkeepers scored lower than outfield players on a test of passing proficiency
(Rebelo-Gongalves et al, 2015), and performed worse than forwards and defenders when
heading accuracy was assessed (Erkmen, 2009). Such findings are to be expected, as

Goalkeepers are rarely required to dribble or head the ball during a match.

However, in under-19 Portuguese players, no between-group differences were observed for
ball control, and Goalkeepers actually outperformed their outfield counterparts during a test of
shooting accuracy (Rebelo-Gongalves et al, 2015). Whilst such findings appear surprising,
under-19 Goalkeepers may engage in less position-specific training than senior players; leading
to less differentiation between positions, and the fact that youth Goalkeepers tend to mature
sooner than outfield players (Towlson et al, 2017, Deprez et al, 2015) may explain their
improved shooting accuracy despite shooting not forming part of the Goalkeeper’s role.

Additionally, because Goalkeepers typically train separately from outfield players, empirical
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observations suggest that they are often required to practice shooting against each other in order
to simulate saves during match-play. Unfortunately, only one study has directly compared
skilled performance between Goalkeepers of different playing levels, and observed no
significant difference for ball control or dribbling speed between elite and sub-elite under-19
Goalkeepers (Rebelo et al, 2013). Whether differences exist in senior Goalkeepers with greater

position-specific training experience remains to be determined.

2.9 Other aspects of football Goalkeepers’ performance

Three records (table 2.6) compared joint ROM between Goalkeepers and outfield players, and
no differences in sit-and-reach test performance (~0.23-0.27 m) were observed (Nikolaidis et
al, 2014, Deprez et al, 2015). In contrast, whilst homogeneity amongst positions existed for the
hamstrings and adductors, professional Icelandic Goalkeepers displayed greater passive range
in the hip flexors (~181.4 vs ~178.5-179.0°) and rectus femoris (~138.5 vs ~134.0-134.7°) than
their outfield counterparts (Arnason et al, 2004). Although the reasons for these findings remain
unclear, such reports highlight the differing physical profiles between Goalkeepers and outfield
players. Notwithstanding, Deprez et al, (2015), administered a box-moving test to assess non-
specific motor coordination and observed no differences between Goalkeepers and outfield

positions.

2.10 Additional Literature since publication

Since the literature review publication in 2018, there have been a total of 465 published papers
pertaining to ‘goalkeeping’, across multiple disciplines of football; male and female, other
sports utilising a goalkeeper as well as addressing other research areas such as concussion (as
of January 1% 2025). The original literature review excluded papers that: a) included no male

participants, b) included no identifiable group with a mean age >16 years, ¢) did not report any
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aspects of Goalkeepers’ physical or skilled performance, d) focused on only isolated scenarios
(e.g., penalty-kicks) within match-play, e) included insufficient methodological details, and/or
f) were review articles.

As such 12 published papers (table 2.7) met the inclusion criteria, contributing to the areas of
match performance, maximal aerobic capacity, linear and multidirectional speed as well as
strength and power concerning football Goalkeepers; a further 21 papers have been published
contributing to the dearth of works relating to football Goalkeeping in research areas outside

of the literature review.
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ACC: Accelerations, APO: Anaerobic power output, CMJ: Counter movement jump, DEC: Decelerations, DS: Dynamic stability, FT: Flight
Time, HMLD: High metabolic load distance, HRmax: Maximum heart rate, HSR: High Speed-Running, LT: Lactate threshold, L: Left, LLS:
Lower limb strength, LLP: Lower limb power, R: Right, ROM: Range of motion, RPE: Rating of perceived exertion, SLCMIJ: Single leg counter
movement jump, SPRD: Sprint Distance, TD: Total Distance, TDI: Total Dives, TJ: Total Jumps, TS: Total Saves, TSL: Total Saves Left, TSR:
Total Saves Right, vIT: Individual aerobic threshold, vIAT: Individual anaerobic threshold, vmax: Maximum velocity.
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2.11 Conclusions and directions for future research

Football Goalkeepers occupy a unique positional role and demonstrate different physical
profiles from outfield players. Goalkeepers cover less TD and HIR, and perform fewer sprints,
accelerations and decelerations than outfield players during match-play (Di Salvo et al, 2008,
Soroka et al, 2011, Malone et al, 2018) however no between-half declines in TD have been
identified (Di Salvo et al, 2008, Soroka et al, 2011) and no study has investigated whether
Goalkeepers experience more transient fluctuations in physical or technical performance.
Notably, outfield players demonstrate short-term (i.e., ~5-15 min) reductions in HIR,
accelerations, and repeated sprint performance following intense periods of play (Mohr et al,
2003, Bangsbo et al, 2006, Krustrup et al, 2006, Akenhead et al, 2013). Despite the infrequency
with which Goalkeepers perform high-intensity actions (Di Salvo et al, 2008, Malone et al,
2018, Clemente et al, 2013, Padulo et al, 2015), it is plausible that fatigue or other situational
influences (e.g., fatigue in outfield players) may affect transient changes in match responses in

Goalkeepers also.

Therefore, research documenting the physical and technical performance of Goalkeepers over
shorter-term epochs (e.g., ~5-15 min. rolling averages etc.) would provide a useful insight.
Such investigations may be facilitated by development of Goalkeeper-specific monitoring
systems which are able to quantify the intensity, frequency, and duration of the explosive
movements commonly performed. With the technological advances in this area, opportunities
exist to establish validity and reliability, and to conduct in-depth analyses of Goalkeepers’
internal and external loads during both training and match-play. Of particular interest are the
physical responses to various Goalkeeper-specific training practices, which differ dramatically

from those of their outfield counterparts.
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Despite the extensive research existing in relation to outfield players (for reviews see: Bangsbo
et al, 2006, Reilly, 1997, Bangsbo et al, 2007, Mohr et al, 2005, Reilly et al, 2008, Nédélec et
al, 2012, Silva et al, 2018), and palpable differences in match-demands (Di Salvo et al, 2008,
Soroka et al, 2011, Malone et al, 2018), no studies have investigated the physiological or
fatigue responses of football Goalkeepers either within-match (e.g., acid-base balance,
substrate depletion etc.) or post-match (e.g., biochemical or hormonal markers, performance
capacity etc.). Established relationships between HIR performed during match-play and both
Creatine kinase concentrations and neuromuscular performance at 24 h post-match (Russell et
al, 2016), suggest that Goalkeepers may experience a lesser degree of match-induced fatigue
than their outfield counterparts. Nevertheless, Goalkeepers perform a number of explosive
jumps and high-velocity kicking actions during match-play, and a professional Dutch
Goalkeeper reported lower levels of self-reported ‘wellness’ on the day following a match,

compared with most other days during the week (Malone et al, 2018).

Whilst it remains unclear whether this response is ‘typical’, given that subjective wellness is
responsive to both acute and chronic training load, and associations between wellness changes
and neuromuscular fatigue have been identified (McLean et al, 2010, Saw et al, 2015, Hills &
Rogerson, 2018, Abbott et al, 2023), such observations suggest additional fatigue is
experienced following a match when compared to that incurred during training. Because self-
reported wellbeing may encompass psychological state in addition to physical symptoms, it is
possible that the mental fatigue incurred by football Goalkeepers during match-play (empirical
observations) may contribute to these findings. In addition, independent of the degree of
physical loading, post-match wellness may be influenced by various situational factors such as
opposition quality, match location, and the result (Abbott et al, 2018). Future work should

therefore investigate Goalkeepers’ physical responses to particular activities within training
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and match-play to enable physical loads to be appropriately periodised. In addition, as exists
for outfield players (Russell et al, 2011), development and validation of a Goalkeeper-specific
match-play simulation protocol would enable deeper insights and facilitate research without
the degree of between-match variation inherent in football match-play (Di Salvo et al, 2008,
Rampinini et al, 2007, Gregson et al, 2010). Interestingly, as reported in outfield players
(Rampinini et al, 2007, Gregson et al, 2010), greater variation has been observed for EPL
Goalkeepers’ higher- versus lower-speed activities, with coefficients of variation ranging from

104.2% for sprinting, to 10.9% for walking and TD (Di Salvo, 2008).

Isolated performance tests confirm the differing physical profiles between Goalkeepers and
outfield players. Goalkeepers generate greater knee flexion and extension PT than the majority
of outfield players (Ruas et al, 2015, Bona et al, 2017), and most studies involving senior
Goalkeepers report superior jump performance compared with their outfield counterparts
(Arnason et al, 2004, Haugen et al, 2013, Boone et al, 2012, Sporis et al, 2009). In assessments
of linear and multidirectional speed, all studies except one (Taskin, 2008) have reported some
aspect of inferior performance for Goalkeepers when compared to at least one other positional
sub-group. Likewise, irrespective of playing standard, poorer multi-stage fitness test
performance (Rebelo-Gongalves et al, 2015, Deprez et al, 2015, Rebelo et al, 2013) and lower
VO2max (Arnason et al, 2004, Gil et al, 2007, Boone et al, 2012, Sporis et al, 2009, Aziz et al,
2008, Marcos et al, 2018, Tahara et al, 2006) values have been consistently reported for
Goalkeepers relative to outfield players. These observations seem likely to reflect the lesser
TD covered by Goalkeepers in training and match-play (Russell et al, 2011, Russell et al, 2016,
Mohr et al, 2003, Bangsbo et al, 2006, Krustrup et al, 2006, Di Salvo et al, 2007, Di Salvo et
al, 2007, Barnes et al, 2014, Stalen et al, 2005, Di Salvo et al, 2008, Soroka et al, 2011, Malone

et al, 2018, Malone et al, 2015), and the only included study to report no difference in multi-
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stage fitness test performance between Goalkeepers and other positions (Towlson et al, 2017),
involved under-18 players who may have received less exposure to position-specific training

(Towlson et al, 2017).

This chapter review has summarised the available literature pertaining to the performance
responses of football Goalkeepers. Whilst the lack of methodological standardisation makes
cross-study conclusions difficult to draw, this chapter attempts to reconcile the findings to date
and highlight common observations with respect to Goalkeepers’ performance profile. In
promoting an ‘assess then address’ approach, we have identified avenues for future research,
concerning the physical responses to training and match-play; investigations which may
complement existing performance data and highlight areas for improvement, with a further
need to understand practitioner perceptions regarding Goalkeeping session design and the
effects this may have on the Goalkeepers’ movement solutions and actions relative to the

demands of match-play.
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Chapter 3.0 The physical demands of professional football Goalkeepers throughout a

week-long competitive microcycle.

Chapter Summary

¥

The physical demands of English Premier League football Goalkeepers were quantified
throughout a week-long competitive microcycle.

Goalkeeper-specific micromechanical electrical systems (MEMS) devices, profiled
training and match-day activities throughout one competitive week (4=8). Changes in
MEMS-derived outputs were also profiled throughout match-play (4=8).
Goalkeeping-training elicited the most dives (51£11) versus all activities (all p<0.030)
except shooting-training (p=0.069). Small-sided games elicited the fewest (5+3) dives
(all p<0.012).

High-speed distance covered in match (10372 m) was similar to Goalkeeping-training
(p=0.484), while exceeding shooting-training, small-sided games, pre-match shooting,
and pre-match warm-up (all p=0.012).

Most changes of direction (34+12) and explosive efforts (70£18) occurred during
Goalkeeping-training, with values exceeding match (both p=0.012).

The 12 + 2 minutes of ‘pre-match shooting” comprised of 36 dives, an average of a
dive every 20 seconds - the most intense period within a Goalkeeper’s competitive week
when compared most notably with one dive occurring every nine minutes during match-
play.

This study provides a novel insight into profiling professional Goalkeepers exposures
to the physical demands of various activities throughout a week-long competitive
microcycle, further informing practitioners when planning the preparation and

periodisation of training and/or recovery strategies.
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Parts of this chapter have been published in the following citation:

White, A, Hills, SP, Hobbs, M, Cooke, CB, Kilduff, LP, Cook,
CJ, Roberts, C, Russell, M. (2020): The physical demands of
professional soccer Goalkeepers throughout a week-long
competitive microcycle and transiently throughout match-play,
Journal of Sports Sciences, DOI:
10.1080/02640414.2020.1736244

3.1 Introduction

The physical demands of football have been extensively characterised, primarily with respect
to the movement responses of outfield players during training and match-play (Bangsbo et al,
2006, Mohr et al, 2003). However, as highlighted in chapter two, comparable information
relating to the unique positional demands of Goalkeepers is currently lacking. The
Goalkeeper’s primary role in football is to protect their team’s goal, whilst a secondary purpose
lies in ball-distribution during the initiation of an attack. As the ultimate objective of football
is to out-score the opposition, it stands to reason that the demands placed upon Goalkeepers
have the potential to directly influence the outcome of a match. Therefore, a greater

understanding of this unique position is warranted.

Adaptive responses to training are realised through progressive manipulation of key training
variables, including (but not limited to) the volume, intensity and type of exercise stimuli
applied (Fry et al, 1992). Indeed, empirical observations highlight that the designs of football
conditioning sessions are often predicated on the basis of practitioners’ ,%.0*2nowledge of
the specific demands elicited by the various components of the training and competitive week,
alongside the associated recovery requirements. Chapter two expresses that the characterisation

of Goalkeepers’ match-play and training demands would benefit practitioners seeking to
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optimise training prescription and that given their distinct tactical responsibilities, Goalkeepers
possess a bespoke skillset when compared with players occupying outfield positions (Ziv et al,

2011).

Indeed, empirical observations suggest that professional Goalkeepers conduct much of their
training and preparatory activities in isolation (groups of 3-8 Goalkeepers), away from the team
and typically under the guidance of position-specific coaches attending to the technical,
tactical, physical, psychological and social development of the Goalkeeper, often basing their
session designs and knowledge transfer on previous experience as a coach or player. When
Goalkeepers are integrated into team environments, they are utilised to facilitate shooting
practices, small-sided games or tactical ‘game plans’ in preparation for an upcoming

competitive match, with the volume and intensity of sessions focussed on the outfield players.

With the scarcity of Goalkeeping-specific research, we are aware of limited studies
investigating the demands of Goalkeeper-specific training sessions during a competitive
microcycle (Malone et al, 2018). Whilst Malone et al (2018), highlighted that a professional
Goalkeeper covered up to ~3.7 km at ~45 m'min’! during certain training sessions in the four
days preceding a match (compared with up to ~6.9 km for professional outfield players
(Malone et al, 2015, Owen et al, 2016), information concerning position-specific performance
indicators, and details regarding the specific content of the training sessions were omitted; the

authors merely presented data as a function of a session’s proximity to match-day.

Therefore, the aim of this chapter was to profile professional Goalkeepers exposures to the
physical demands of various activities (‘match,” ‘personal pre-match warm-ups’, ‘pre-match

shooting’, ‘Goalkeeping-training’, ‘shooting-training’, and ‘small-sided games’) throughout a
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week-long competitive microcycle. The null hypothesis associated with this study was that
there would be no difference in the movement demands according to the type of the session

being performed.
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3.2 Materials & Methods
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To quantify the movement demands, professional football Goalkeepers were monitored via
Goalkeeper-specific micromechanical electrical systems (MEMS) sampling at 10 Hz (model
G35, version 1.15.0; Catapult innovations Ltd., Australia) worn during normal training and on
match-day during the 2017/18 season. All Goalkeepers completed the demands of each activity
and a within-subject design was implemented to allow comparison between the different

activities performed throughout a competitive week-long microcycle.
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Following institutional ethical approval (Appendix 9.1), professional, male football
Goalkeepers (n=8, age: 24 + 7 years, stature: 1.84 = 0.08 m, mass: 89.8 £ 6.0 kg) from an
English Premier League football club (the highest tier of professional football in the United
Kingdom) volunteered to participate in data collection for Goalkeeper-specific activities
performed during a competitive week & match-play respectively. Retrospective power analyses
using obtained effect sizes, alpha values and sample sizes indicated that beta values >0.8 were
obtained for all differences of continuous variables of total distance and high-speed running
(G*Power version 3.1.9.2). Goalkeepers were informed about the risks and benefits of
participation before being invited to provide written consent (in addition to parental consent
and player assent where Goalkeepers were <18 years of age) prior to data-collection, and all
were considered by club medical staff to be healthy and injury-free throughout the duration of
the study. Data represents activities performed by each Goalkeeper performed during a
competitive week during the first half of the 2017/18 season.

%
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The activities of ‘match,” ‘personal pre-match warm-ups’, and ‘pre-match shooting’ all
occurred on a match-day, whilst all other activities (i.e., ‘Goalkeeping-training’, ‘shooting-
training’, and ‘small-sided games’) were performed at the club’s training facility on non-match-
days. Goalkeepers’ personal pre-match warm-ups included their own self-selected activities,
which typically encompassed ball handling skills, replication of match scenarios, and individual
crossing and distribution preparations. Goalkeeping-training involved a group of between two
and six Goalkeepers who were supervised by at least one Goalkeeping coach, whereas small-
sided games (i.e., 7v7, 8v8 and 9v9 scenarios) and shooting-training also incorporated outfield
players and coaches. All matches were ~90-min in duration and fixtures from both domestic
league and cup competitions were included (i.e., under 18, under 21, FA cup, League Cup, and
Southern Premier football competitions). All training and match activities were performed on

natural outdoor grass pitches in accordance with English Football Association rules.
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Goalkeepers’ movements were monitored throughout the study using Goalkeeper-specific 10
Hz MEMS units (model G5, version 1.15.0; Catapult innovations Ltd., Australia) harnessed
centrally between the scapulae in a specifically designed vest designed to minimise movement
artefact. MEMS sampling at 10 Hz have demonstrated coefficient of variation (CV%) of 2.0-
5.3% for measuring instantaneous velocity (Varley et al, 2012), whilst the accelerometers
within the specific devices used have produced good intra- and inter-unit reliability (CV%: 0.9-
1.1) in both laboratory and field test environments (Boyd et al, 2011). The MEMS units were
activated according to the manufacturer’s guidelines ~40-min before commencing each

activity, and Goalkeepers wore the same device throughout the study in order to avoid inter-
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unit variability. Data were exported following completion of each activity using the
manufacturer’s specialist software (OpenField, version 1.15.0 Build #26615 - Installer Release;
Catapult innovations Ltd., Australia). Eight indices of physical performance were analysed. In
addition to the number of dives, the number of high (i.e., >0.4 m in height), medium (i.e., 0.2-
0.4 m), and low (i.e., <0.2 m) jumps, high-speed changes of direction (i.e., changes of direction
at speeds >3.5 m-s™!), and explosive efforts (i.e., combined number of: high-speed changes of
direction, high jumps, and instances in which a dive was followed by a Goalkeeper returning
to standing within 1 s) performed, distance covered in total and at high-speed (i.e., >4.17 m-s
1, were recorded. To support the use of such thresholds, unpublished observations suggest that
in isolated performance tests, the Goalkeepers involved attain maximal countermovement jump
heights >0.4 m (i.e., 0.50+0.06 m). When considering the high-speed running threshold that is
typically employed when monitoring outfield players (i.e., >5.5 m-s™"), only ~0.8% of total
distance covered by professional Goalkeepers may be categorised as high-speed; a value which
increases to ~2.6% when a modified threshold of >4.17 m-s! is used.

%
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Statistical analyses were conducted using both Statistical Package For Social Sciences (SPSS;
Version 21.0; SPSS Inc., Chicago, IL, USA), and R statistical software (V3.3.1). Data are
presented as mean + standard deviation (SD) unless otherwise stated. As all Goalkeepers
completed the demands of all activities, a Friedman’s analyses of variance (ANOVA) was used
to assess the influence of session-type on the specific movement demands observed. Where
significant effects were identified (p<0.05), differences between individual session-types were
assessed using Wilcoxon post-hoc tests. Effect sizes (d) were calculated according to Cohen
(1992), and interpreted as trivial (d <0.2), small (0.2< d <0.6), moderate (0.6< d <1.2), large

(1.2<d <2.0), very large (2.0< d <4.0), and extremely large (d >4.0).
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3.3 Results

Table 3.1 indicates the physical demands elicited by different Goalkeeper-specific activities.
Activity type influenced all outcome variables. With the exception of Goalkeeping-training
(p=0.260), the duration of match exceeded that of all other activities (all p<0.012, all d>9.2;
extremely large effects). Goalkeeping-training elicited the highest number of dives relative to
all activities (all p<0.030, all d>1.7; large effects) except for shooting-training (p=0.069). The
fewest dives were performed in small-sided games (all p<0.012, d>2.3; very large effects),
whilst Goalkeepers covered the greatest total distances in match (all p<0.017, all d>2.1; very
large effects). For high-speed distance, match was similar to Goalkeeping-training (p=0.484),
but greater than shooting-training, small-sided games, pre-match shooting, and pre-match
warm-up (all p=0.012, all d>1.8; large effects). More high jumps occurred in Goalkeeping-
training versus all other activities (all p<0.035, all d>1.4; large effects) except pre-match warm
up (p=0.063). The number of high-speed changes of direction and explosive efforts was
greatest in Goalkeeping-training with values exceeding match (both p=0.012, both d>3.0; very
large effects) by more than four-fold, whilst the fewest high-speed changes of direction
occurred in small-sided games (all p<0.034, all d>1.1; moderate to large effects).

Table 3.2 reveals the physical demands elicited by different Goalkeeper-specific activities
when analysed by team/age-group. Mean values suggest similarities between Goalkeepers of
different ages across all activity types and variables analysed. Data highlights lower total
distances covered by 1% Team Goalkeepers across all activity types except pre-match shooting,
whilst Under 21 Goalkeepers undertake a great number of dives and explosive efforts during
Goalkeeping-training but produce less high-speed changes of direction and explosive efforts

during pre-match warm-ups.
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Table 3.1: Mean (standard deviation) movement demands elicited throughout Goalkeeper-specific activities performed during a competitive week
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arepresents significant within-variable difference relative to match, ° represents significant within-variable difference relative to Goalkeeping, ©
represents significant within-variable difference relative to shooting, ¢ represents significant within-variable difference relative to small-sided
games, °represents significant within-variable difference relative to pre-match shooting.
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Table 3.2: Mean movement demands elicited throughout Goalkeeper-specific activities performed during a competitive week by Team (age)
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3.4 Discussion

%
In professional football Goalkeepers, the aim of this chapter was to assess the differing physical

demands over the course of one competitive week (i.e., as a function of activity type). Notably,
exposure to high-intensity actions (such as dives, jumps, high-speed changes of direction, and
explosive efforts) was greatest in Goalkeeping and shooting-based training activities, but
lowest in match-related activities such as small-sided games and competitive match-play. Such
data highlights the importance of considered planning and delivery of training and recovery
methods throughout a competitive week to optimise professional Goalkeepers training and

match-play performances.

Whilst match-play may be expected to elicit the greatest movement demands of any activity
performed by football players throughout a competitive week, this was not necessarily the case
for Goalkeepers when certain position-specific performance metrics (i.e., dives, jumps,
changes of direction, and explosive efforts) were considered. Notably, Goalkeepers in the
current study performed more dives (~51 vs ~10), high-speed changes of direction (~34 vs ~8),
high (~14 vs ~1) and medium (~19 vs ~7) jumps, and explosive efforts (~70 vs ~16) during a
~79-min Goalkeeping-training session when compared with 90-min of match-play.

Further, and a key finding within the study found that the 12 + 2! minutes of ‘pre-match
shooting’ comprised of 36 dives, with an average of one dive occurring every 20 seconds,
recognising the most intense period within a Goalkeeper’s competitive week. When compared
with other activity types, most notably match-play, one dive occurred every nine minutes and
considerations should be made for the recovery and training planning of the Goalkeepers

included in ‘shooting’ activities.
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In a case study of a single professional Goalkeeper, Malone et al. (2018) have previously
reported increases in the number of high-intensity (defined as a change in speed >3 m-s?)
accelerations and decelerations performed four days prior to a match (i.e., ‘match-day minus
four’) when compared with match-day itself. A lack of Goalkeeper-specific performance
variables, and the omission of information characterising the type of training performed (other
than proximity to match-day), limits the direct comparison between this study and that of
Malone et al. (2018). That being said, these observations reinforce the notion that the physical
demands placed upon football Goalkeepers appear to differ markedly dependent upon the
specific type of activity being undertaken. Importantly, it remains to be determined whether
the same is true with regards to the cognitive loads experienced by Goalkeepers throughout

training and match-play.

Training sessions incorporating small-sided games are often used by practitioners to provide a
match-specific physical conditioning stimulus for outfield players and have been reported to
augment the development of physical, psychological, technical, and tactical performance
whilst also facilitating the longitudinal monitoring of neuromuscular fatigue (Rowell et al,
2018). However, consistent with the differences in positional responsibilities between
Goalkeepers and outfield players, it is possible that small-sided games may not promote the
development of Goalkeeper-specific physical qualities to the same extent. Indeed, fewer dives
(~5 vs ~10 to ~51) and explosive efforts (~8 vs ~16 to ~70) were performed during small-sided
games compared with all other activities (Table 3.1). That said, small-sided games may provide
other benefits to the Goalkeeper such as the development of tactical cues and interpersonal
understanding when working with their defenders, or opportunities to consolidate technical
skills (such as dives, blocks, spreads) which may initially be practiced during isolated

Goalkeeping sessions. Nevertheless, although such observations are limited to one club during
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a single competitive week-long microcycle, and aspects relating to cognitive function were not
assessed, the movement demands elicited may call into question the efficacy of small-sided

games to challenge the physical development of football Goalkeepers.

Total distance (~5100 to ~5500 m) covered was greatest in match-play versus other activity
types, and the absolute values observed reflect those previously reported in chapter two in
relation to professional Goalkeepers (Di Salvo et al, 2008, Malone et al, 2018, Russell et al,
2016). However, the ~100 to ~120 m of high-speed distance covered during match-play
represents nearly double the values published previously (Di Salvo et al, 2008), findings which
likely reflect the differing thresholds of high-speed running categorisation (i.e., >5.5 m's! vs
>4.17 m's! in the current study). It should be noted that as part of their distributional role,
Goalkeepers may also perform a number high-velocity kicking actions which may substantially
add to overall physical loading; particularly on match-day. In support, data from Australian
Football players has reported significant reductions in the eccentric strength of the hamstring
musculature following performance of 100 drop kicks (Duhig, 2017). Unfortunately, the
absence of physiological measurements in the current study, and in the Goalkeeper-specific
literature published to date, means the physiological and fatigue responses to Goalkeeper-

specific activities remain to be determined.

When interpreting the current findings, a number of limitations should be considered. It is
prudent to note that although all Goalkeepers were over the age of 16 years at the time of data-
collection, these data do not distinguish between age-groups within the sampled population.
Due to the sample of professional Goalkeepers used in this study, negligible statistical power
would have been yielded if such an approach had been adopted. Caution is advised when

interpreting Table 3.2 due to the small sample size when analysing goalkeeper-specific
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activities by team/age group, as players are not fixed to a single team throughout the season.
Nonetheless, novel findings have been presented, which support and extend the limited body
of research documenting the physical demands of professional football Goalkeepers. Similarly,
whilst the current study used MEMS devices to quantify the physical demands faced by
professional Goalkeepers during a competitive week, current research has looked to quantify
the effect of playing status and fixture congestion on training load, mental fatigue, and recovery
status (Abbott et al, 2023). Such research evidenced that starting Goalkeepers experience
greater mental fatigue than that of the substitute Goalkeepers who as highlighted in this study
experience greater physical loads throughout the week due to the demands placed on them in
activities such as ‘pre-match shooting’ and subsequent training involvements. Further, holistic
research could implement differential rating of perceived exertion (dRPE) metrics which
quantify self-perceived breathlessness, leg and upper body exertion, as well as cognitive and

technical demands (McLaren et al, 2017) across various goalkeeping activities.

3.5 Practical Applications

In conclusion, football Goalkeepers occupy a unique tactical role, yet the physical demands
experienced during position-specific training and match-play activities are not well understood.
This chapter presents novel physical data which provide insight into the training and
competitive demands of professional football Goalkeepers, and thus may aid practitioners

when seeking to devise training and recovery practices.

Indeed, knowledge of the demands elicited by different activities is likely beneficial when
looking to develop periodisation strategies which appropriately balance stimulus and recovery
across a micro, meso, and/or macrocycle. For example, the apparent lesser degree of physical

loading elicited by small-sided games when compared with other activities such as
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Goalkeeping, may suggest that small-sided games represent an appropriate activity when
reductions in physical loading are desired (e.g., de-load periods or when development of other
technical skills is the priority), or that small-sided games may need to be supplemented with
other activities in order to ‘top-up’ the physical, and in turn technical, stimuli provided on any
given day. Whilst also recognising high physical costs within a Goalkeepers schedule (pre-
match shooting) and the repercussions this may have when planning the training schedules and

recovery methods of starting and substitute Goalkeepers.

Further, whilst the research is limited to the activity-types undertaken at one English Premier
League football club, such findings should allow for practitioners to understand how they can
best utilise the number of Goalkeepers they have on a daily basis; catering to the needs of the
team sessions (Goalkeepers needed in multiple activities such as shooting practices and small-
sided games), whilst ensuring the Goalkeepers are physically prepared for competitive match-
play. Such a sentiment highlights the need for relationships and communication between staff
and departments to ensure each individual player needs are addressed when planning training

and recovery strategies.
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Chapter 4.0 The physical demands of professional football Goalkeepers transiently

throughout match-play.

Chapter Summary

e During the 2017/18 season, 100 matches (18 + 14 matches-Goalkeeper!) were
monitored via Goalkeeper-specific micromechanical electrical systems (MEMS)
sampling at 10 Hz (model G5, version 1.15.0; Catapult innovations Ltd., Australia)
worn on match-day to assess the physical demands of professional football Goalkeepers
transiently throughout match-play.

e Movement responses were analysed by dividing the 90-min match data separately into
45-min halves and into six 15-min epochs.

e Between-halfreductions in total distance, but increased high-speed changes of direction
and explosive efforts, occurred (both p<0.05), whilst, between-half comparisons of
high-speed distance and the number of dives were similar, as was the number of high,
medium, and low jumps.

e Excluding the number of high jumps, all variables differed from 0-15-min during at
least one match epoch, with more dives (1.3£1.4 vs 1.0+1.1) and explosive efforts
(2.5+2.4 vs 2.0£1.8) performed between 75-90-min versus 0-15-min (all p<0.05).

e This study provides an original insight into the position-specific physical demands of
professional Goalkeepers and their transient changes in movement responses over the
course of 90-min of competitive match-play, further informing practitioners when

planning the preparation and periodisation of training and/or recovery strategies.
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Parts of this chapter have been published in the following citation:

White, A, Hills, SP, Hobbs, M, Cooke, CB, Kilduff, LP, Cook, CJ,
Roberts, C, Russell, M. (2020): The physical demands of
professional soccer Goalkeepers throughout a week-long
competitive microcycle and transiently throughout match-play,
Journal of Sports Sciences, DOI:
10.1080/02640414.2020.1736244

4.1 Introduction

It is well documented that for outfield players, indices of physical and technical performance
decline progressively throughout 90-min of football-specific exercise (Mohr et al, 2005,
Russell et al, 2011, Russell et al, 2012), with further decrements reported during matches
continuing to extra-time (i.e., 120 min; Harper et al, 2016, Harper et al, 2014, Stevenson et al,
2017). Such declines are primarily attributed to increases in physical fatigue during the latter
stages of match-play, and the existence of conscious or subconscious self-pacing strategies
(Bangsbo et al, 2006, Bradley & Noakes, 2013, Mohr et al, 2003). However, consistent with
their unique tactical role, Goalkeepers appear to face vastly different match-demands when

compared with their outfield counterparts.

Indeed, chapter two highlighted (which was further supported in chapter three) that
professional Goalkeepers may cover ~50% (i.e., 4-6 km) of the match-distances of outfield
players, whilst performing only ~2 short (i.e., typically <10 m) sprints (Di Salvo et al, 2008,
Malone et al, 2018). Empirically, such distances can vary between Goalkeepers and teams,
based on the in-possession strategies employed, and the requirements of the Goalkeeper to
support and receive the ball, whilst staying connected to the match to defend the goal when

needed.



85

Chapter three evidenced that the physical demands placed on football Goalkeepers throughout
a competitive week, tends to be highest when Goalkeepers are working with outfield players
in isolated environments such as shooting practices or with specialist coaches for their position,
often in large groups of Goalkeepers, away from the wider team environment. This contrasts
with the physical demands of outfield players which are typically highest on a match-day
(Mohr et al, 2005, Russell et al, 2011, Russell et al, 2012), and as such provide unique findings
to better inform practitioners when planning the training schedules, recovery methods and

physical preparation of starting and substitute Goalkeepers in readiness for competitive match-

play.

Whilst chapter three identified absolute values pertaining to Goalkeeping-specific movements
during competitive match-play (dives, jumps, explosive efforts etc), to the authors knowledge,
no study has investigated whether Goalkeepers experience transient changes in position-
specific physical demands over the course of each half and 15-min windows during 90-min of
competitive match-play, as has been reported for outfield players (Di Salvo et al, 2009, Mohr
et al, 2003, Russell et al, 2016). This is made more surprising by the disproportionate number
of goals scored during the final 15-min of a match (Njororai, 2013), alongside empirical

observations suggesting that Goalkeepers are rarely substituted, except for in the case of injury.

Therefore, this study used position-specific physical performance indicators to quantify the
movement demands elicited and profiled transient changes in the movement responses of
professional football Goalkeepers during 90-min of match-play. Such findings may have
important implications for the preparatory design and/or tactical ‘game-management’

strategies employed in relation to football Goalkeepers. The null hypothesis associated with
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this study was that there would be no difference in the transient changes in physical demands

over the course of football match-play.
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4.2 Materials and Methods
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To quantify the movement demands, professional football Goalkeepers were monitored via
Goalkeeper-specific micromechanical electrical systems (MEMS) sampling at 10 Hz (model
G5, version 1.15.0; Catapult innovations Ltd., Australia) worn on match-day during the
2017/18 season and assessed transient changes across 90-min of match-play using linear mixed

modelling.
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Following institutional ethical approval (Appendix 9.1), professional, male football
Goalkeepers (n=8, age: 19 + 2 years, stature: 1.84 = 0.08 m, mass: 86.8 = 3.0 kg) from an
English Premier League football club (the highest tier of professional football in the United
Kingdom) volunteered to participate in data collection for match-play. Retrospective power
analyses using obtained effect sizes, alpha values and sample sizes indicated that beta values
>(0.8 were obtained for continuous variables (G*Power version 3.1.9.2). Goalkeepers were
informed about the risks and benefits of participation before being invited to provide written
consent (in addition to parental consent and player assent where Goalkeepers were <18 years
of age) prior to data-collection, and all were considered by club medical staff to be healthy and
injury-free throughout the duration of the study. Data reflects 100 matches (18 + 14

matches-Goalkeeper!).
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All matches were ~90-min in duration and fixtures from both domestic league and cup
competitions were included (i.e., under 18, under 21, FA cup, League Cup, and Southern
Premier football competitions). The potential influence of the duration of competitive match-
play on Goalkeepers’ movement responses were analysed by dividing match data separately
into 45-min halves and into six 15-min epochs. All data after the scheduled end of each half
(i.e., stoppage time) were omitted from analysis. All match activities were performed on natural
outdoor grass pitches in accordance with English Football Association rules.

%
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Goalkeepers’ movements were monitored throughout the study using Goalkeeper-specific 10
Hz MEMS units (model G5, version 1.15.0; Catapult innovations Ltd., Australia) harnessed
centrally between the scapulae in a specifically designed vest designed to minimise movement
artefact. Sampling at 10 Hz has demonstrated coefficient of variation (CV%) values of 2.0-
5.3% for measuring instantaneous velocity (Varley, 2012), whilst the accelerometers within
the specific devices used have produced good intra- and inter-unit reliability (CV%: 0.9-1.1)
in both laboratory and field test environments (Boyd, 2011). The MEMS units were activated
according to the manufacturer’s guidelines ~40-min before commencing the match, and
Goalkeepers wore the same device throughout the study in order to avoid inter-unit variability.
Data were exported following completion of the match using the manufacturer’s specialist
software (OpenField, version 1.15.0 Build #26615 - Installer Release; Catapult innovations
Ltd., Australia). Eight indices of physical performance were analysed, being; the number of
dives, the number of high (i.e., >0.4 m in height), medium (i.e., 0.2-0.4 m), and low (i.e., <0.2

m) jumps, high-speed changes of direction (i.e., changes of direction at speeds >3.5 m's!), and
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explosive efforts (i.e., combined number of: high-speed changes of direction, high jumps, and
instances in which a dive was followed by a Goalkeeper returning to standing within 1 s), and
the distance covered in total and at high-speed (i.e., >4.17 m-s™). To support the use of such
thresholds, unpublished observations suggest that in isolated performance tests, the
Goalkeepers involved attain maximal countermovement jump heights >0.4 m (i.e., 0.50+£0.06
m). When considering the high-speed running threshold that is typically employed when
monitoring outfield players (i.e., >5.5 m's!), only ~0.8% of total distance covered by
professional Goalkeepers may be categorised as high-speed (unpublished observations the
same professional club recruited to the study); a value which increases to ~2.6% when a
modified threshold of >4.17 m-s! is used.

%
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Statistical analyses were conducted using both Statistical Package For Social Sciences (SPSS;
Version 21.0; SPSS Inc., Chicago, IL, USA), and R statistical software (V3.3.1). Data are
presented as mean + standard deviation (SD) unless otherwise stated. Following removal of
any outliers identified from consulting residual plots, mixed models used the Ime4 package
within R statistical software to estimate the effect of time on the outcome variables profiled
during match-play. Due to the lack of independence between repeated measurements of
Goalkeepers (15-min observations, nested within matches, nested within individual
Goalkeepers) over the course of the season, mixed effect models were used to estimate the
effect of time on the movement demands observed. Time (i.e., ‘epoch’) was included as a fixed
effect with random intercepts modelled separately for each outcome variable. Linear mixed
models (b [95% CI]) were used for continuous outcomes of distance and high-speed distance,
while count data were analysed using a mixed effects Poisson regression model. To assess

changes in performance variables over the course of 90-min, the 0-15-min epoch was specified
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as the baseline comparator, and bootstrapped 95% confidence intervals (CI) were obtained for
the exponentiated parameter estimates, which are expressed as incident risk ratios (RR) for

count variables.
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4.3 Results

Table 4.1 provides mean+SD for physical performance variables per half of match-play.
Between-half declines were observed for total distance, whilst the number of high-speed
changes of direction and explosive efforts increased from the first to second half (both p<0.05).
High-speed distance and the number of dives were similar between halves, as was the number

of high, medium, and low jumps.

Table 4.2 shows descriptive statistics for physical performance variables throughout match-
play while Table 4.3 presents the linear and mixed effects Poisson regression models assessing
changes over time (i.e., relative to 0-15-min). Except for the number of high jumps, all
performance variables differed from 0-15 min during at least one other match epoch (all
p<0.05). Relative to the 0-15-min observation, total distance covered was significantly lower
in all subsequent epochs. Likewise, high-speed distance was lower for all epochs compared
with 0-15-min. The number of high-speed changes of direction was higher only for 60-75-min
relative to 0-15-min values, although more explosive efforts were performed between 60-75-
min and 75-90-min compared with the initial 15-min of match-play. The number of dives was
higher at 30-45-min, 60-75-min, 75-90-min compared with 0-15-min, whilst more medium
jumps were performed between 30-45-min than 0-15-min. The number of low jumps were

reduced at all time-points relative to 0-15-min values.



Table 4.1: Mean (standard deviation) physical performance variables in the first and second halves of match-play
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Variable Overall First half Second half
G(A.8#C020D K#C8D M#CGMD J#CHD
T(C#Y+,*8#C02@D #CIB #CIB #CIB
B.5(+,#Y+,*8#C02@GD S#HCHD J#CHKD J#CMD
12F#Y+,*8#C020D [I#CSB Q#GAD Q#GHD
R2'%6#5(8'%!).#€E,D NNJH#CKNPD LSSK#CMSJD LQQM#CIPHD#ZZ
T(:; 3B*..5#5(8'%!).#C8H [IK#CQRD QM#CHKIQD NJ#CJIHD

T(:; 3B*..5#);%!:.8#24#5(&.)'(21#C020D K#C8D M#GED JHECMB#HZ
VO9*628(A.#.442&'8#@020D IK#CKD Q#C4AD K#CJIBHZ

Z#5(44.& Yo' #* [POPN#6.A.6#&.6%' (A . #'2#4(&8'#,%64#A%6+.8/#2Z2#5(44.&.!) #% ## [POPPI#6.A.6#&.6%'(A.#'2#4(&8'#;%064#A%6+.8
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Table 4.2: Mean (standard deviation) physical performance variables per 15-min of match-play

Variable Timing

0-15 min 15-30 min 30-45 min 45-60 min 60-75 min 75-90 min
G(A.8#C020D #CIB #CIB #CIB #CIB L#CHD #CIB
T(C#Y+,*8#C02@D POL#CROND POL#CROND POL#CROJD POL#CROJD POL#CROND POL#CROND
B.5(+,#Y+,*8#C02@GD IOM#CI®JD IOI#CIGMD IOM#CI®ND IOS#CI®SD IOM#CIHOND IOP#CI®&MD
12F#Y+,*8#C020D LOJ#CIOID IOS#CI®ND IOK#CI®HD LOI#CL®ND IOS#CL®OID 10Q#E@EB
R2'%6#5(8'%!).#€E,D IPPN#CIMND HNP#CIMND HMI#CIQPD HIK#CINED SQK#CINID SKS#CIGMD
T(:; 3B*..5#5(8'%!).#C8H LQ#CI#HD IH#CIND IS#CISD IQ#CI@D IS#CIKD LP#CLAD
T(:; 3B*..5#);%!:.8#24#5(&.)'(21#C020D IOI#CIGID IOL#CI@JD IOP#CI®LD IOM#CI®JD ION#CI®MD IOM#CI®ND
VO9*628(A.#.4428&'8#@020D LOP#CHOSD LOL#CIEOPD LOL#CEOID LOL#CIOPD LOS#CKHOPD LON#CEOJID
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Table 4.3: Effect estimates showing changes from the reference value in physical performance variables per 15-min of match-play

Variable 0-15 min 15-30 min 30-45 min 45-60 min 60-75 min 75-90 min
G(A.8#C020D TV\ # [O11\Y::4 IOMIi# IOP@# ION@# IOMI#
JPOSQ/IO8S" JIOPL/IOKI%Z JPOSI/I0IP" JIOLI/LOPP 2ZZ JIOPI/IOKINZ
T(:#Y+,*8#C02@D TV\ # IOPR# POSHH POSH# 101J# 101J#
JPONJ/IO8MA JPOJL/IONMA 1POJQ/IORIN JPOQJ/LGPN” JPOQJ/LGPN”
B.5(+,#Y+,*8#C02@GD TV\ # POSH# IOP N 10JR# IOP} POK#H#
JPOQK/IOHA JPOSL/IOMIMA JIOIL/IOKQ"ZZZ JPOSI/IONEMA 1POQI/IORM”
12F#Y+,*8#C020D TV\ # POK## POK## POHP# POKK# POQK#
JPOQI/POHINZZZ  |POQI/POHP#Z2ZZ JPOKN/IORSA JPOQJ/POHINZ JPONN/POSI#£2727
R2'%6#5(8'%!).#&,D TV\ # NIOKEH KXKMO@Q# ISKOH# JMSOIK# JLQOKM#
]BLO@DOSIEZ  JIPIONSINOKNAZ  J3INOSL/NHOHHNZ 13QQORHPOLINE ]ANJOQEISOSIH#Z
T(:;#8*.5#5(8'%!).#C,B TV\ # NOSLEH ISOPP# HOMNH IOll# NOKEH
]3IOKSA0SQ"2Z  JALOHMOPI¥ZZ 13JOMRIOMH"NZ2ZZ [13IMOPBVIOINNEZ 13POQHROKGHZ
T(:;#8*..5#);%!:.8#24#5(&.)' (21#C02DD# 7V\ # IOPS# POH## [O11\Y::4 IOMIi# IOIK#
JPOSJ/HIOZPA JPOKP/IOH" JPOSK/103Q" JIOPL/1I0QEZ JPOHI/AIOMIN
VO*628(A.#.442&'8#@020D TV\ # IOPK# IOP&# IOPS# IOMM# IOL I
JPOSS/H#IGEH JPOSH/IOMP" JPOSH/IOMP" JIOIM/IOQLNZZZ JIOPI/#10INEZ

G%'%H%8& #&.*2&' 5H#%8H#(1)(5.]) #&(8>H&Y' (28H#CTTDHL',. &H# Yol #A28&H 2'%6H5(8'%!) HY6I5H; (1 #8*. 5H#5(8' % JH#F; () #(8#-#]HN_# a"O#
*[POPN#Zb#*[POPI#ZZb#*[POPP#ZZZO#7.4.8.1) #A%6+ H#T\V\O#
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4.4 Discussion

The chapter sought to understand the physical demands of professional football Goalkeepers
transiently throughout 90-min of match-play (i.e., as a function of match duration).
Goalkeepers performed more dives and explosive efforts during the final 15-min (i.e., 75-90-
min) of competitive matches when compared with the opening phase of play (i.e., 0-15-min).
Collectively, this comprehensive analysis of the physical demands of professional football
Goalkeepers provides novel information that will be useful to inform practitioners when
planning the preparation and periodisation of training and/or recovery strategies for football

Goalkeepers over the course of the competitive week.

Di Salvo et al, (2008), used a multi-camera tracking system to monitor total distance covered
by 62 English Premier League Goalkeepers, and reported no significant differences between
the first and second halves of match-play. Whilst outfield players experience between-half
decrements in a number of other physical (e.g., high-speed distance, number of
accelerations/decelerations etc.) and technical (e.g., passing speed and success) key
performance indicators (Mohr et al, 2005, Rampinini et al, 2009, Russell et al, 2011), this was
not the case for Goalkeepers. In contrast, as has been established in relation to outfield players
(Mohr et al, 2003, Mohr et al, 2005, Russell et al, 2016), Goalkeepers in the current study
covered less total distance (2887 m vs 2663 m) during the second half, when compared with
the opening 45-min. Indeed, high-speed distance and the number of dives performed remained
similar between halves, whilst Goalkeepers performed more explosive efforts (7.4 vs 6.4) and
high-speed changes of direction (4.0 vs 3.3) from 45-90-min, compared with before half-time.
Reasons for such responses remain to be determined, with these observations further

emphasising the unique physical and technical demands associated with football Goalkeepers,



96

and thus highlight the need for individualised consideration of preparatory and recovery

practices for this bespoke population of player.

In addition to between-half differences, for certain metrics (i.e., the number of dives, high-
speed changes of direction, and explosive efforts), Goalkeepers appeared to experience greater
physical demands during the final 30-min (i.e., 60-75 and 75-90-min epochs) of a match, when
compared with the opening 15-min. Furthermore, to the potential influence of tactical changes
and other contextual variables, such observations may plausibly reflect the performance
fluctuations experienced by outfield players. Speculatively, the progressive fatigue
experienced by outfield players during a 90-min match (Bangsbo et al, 2007, Bangsbo et al,
2006, Mohr et al, 2003) may compromise a team’s defensive structure and promote an increase
in the number of scoring opportunities (e.g., shots taken and crosses played into the
Goalkeeping area) towards the end of a match (Di Salvo et al, 2008, Njororai, 2013). If true,
these changes would likely influence the physical demands experienced by Goalkeepers, who
may be required to respond in order to protect their goal and/or quickly re-distribute the ball to

team-mates.

With the chapter providing novel findings relating to the physical demands of professional
football Goalkeepers transiently throughout 90-min of match-play, (using MEMS devices as
seen in chapter three) clear differences were realised between outfield and Goalkeeping
populations and as such implications relating to the planning of post-match recovery modalities
and training design need to be further understood. The research further supports that additional
evidence is needed to better understand the cognitive demands Goalkeepers experience;
transiently throughout match-play as well as post-match. With Abbott et al. (2023) highlighting

that starting Goalkeepers experience greater mental fatigue than that of substitute Goalkeepers,



97

one can insinuate that when increased physical demands are realised during match-play,
notably in the final 30-minutes, there may be a concomitant increase in cognitive demands
which impact the Goalkeeper directly during match-play as well as in the subsequent days post-

match.

When interpreting the current findings, a number of limitations should be considered. It is
prudent to note that although all Goalkeepers were over the age of 16 years at the time of data-
collection, these data do not distinguish between age-groups within the sampled population.
Due to the sample of professional Goalkeepers used in this study, negligible statistical power
would have been yielded if such an approach had been adopted. Nonetheless, novel findings
have been presented, which support and extend the limited body of research documenting the
physical demands of professional football Goalkeepers transiently throughout 90-min of

match-play.
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4.5 Practical Applications

Chapter four highlighted the importance of ensuring individual player needs are addressed as
a staffing group when planning training and recovery strategies, and as such may play an
important role in optimising the performance of the Goalkeeper during match-play. Throughout
90-min of match-play Goalkeepers experienced transient changes in physical demands;
responses which may be attributable to changes in tactics in conjunction with the progressive
fatigue of outfield players towards the end of a match. Thus, observed increases in certain
position-specific movements towards the end of match-play, highlight a potential role for
ergogenic interventions at specific time-points during a match, and/or requirements for
Goalkeeper training to ensure that Goalkeepers are equipped to respond to such heightened

demands.

Understanding the movement demands of the Goalkeeper and specifically periods of change
within the match, may allow for training sessions to be tailored for such demands in isolation
as a Goalkeeping group or working with the wider staff and team to attend to the physical and
tactical team changes and the effect this may have on the Goalkeeper or how the Goalkeeper
may be able to positively affect the ‘game-state’ to aid the outfield players and team
performance.

This chapter highlights the importance of understanding the physical demands and changes
throughout match-play and addresses the significance such findings should have on that of
coaches training designs and player-staff communications to best prepare the Goalkeeper and

aid in team-performance (tactically and physically).
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Chapter 5.0 Goalkeeping Coaches’ perceptions of Session Design and the effects on

movement solutions and actions.

Chapter Summary

¥

Session planning in Goalkeeping is thought to occur with the intent to develop the skills
of the position and facilitate stable yet adaptable and effective movement solutions,
rather than trying to achieve the “perfect technique”.

A global sample of 162 Goalkeeping coaches, volunteered to participate in a ~20
minute, 23-question (open and closed-ended) online survey relating to their perceptions
of practical applications (skills and technical models), and areas for consideration for
coach development and session design.

The study focussed on the announced, unannounced and live (AUL) practice spectrum;
which highlights opportunities for player decision-making, problem solving, skill
development and personal movement solutions.

Goalkeeping coaches stated that they design the majority of their Goalkeeping sessions
on an unannounced scale inferring an intent to create a rich decision-making
environment.

Goalkeeping coaches evidenced that they tend to structure their sessions linearly, from
an (isolated-technical) announced manner (84.6%) for part one of their sessions before
progressing to more (complex) unannounced in parts two (74.7%) and three (69.1%),
then ending at part four of the session with a live practice (89.5%).

Implications for Goalkeeping coaches when designing sessions; collaboration with
other departments to holistically develop the goalkeeper; technically, tactically,
physically and psychologically/socially — important realisation for coach education

settings when planning the delivery of courses.
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Parts of this chapter have been prepared for submission to a peer reviewed journal with the
following citation:

White, A, Russell, M. (2025): Goalkeeping Coaches’ perceptions of session design and the
effects on movement solutions and actions.

5.1 Introduction

While traditionally viewed as the last line of defence, Goalkeepers form an integral part of a
football team by preventing opposition scoring opportunities. However, Goalkeepers are
increasingly involved in offensive actions such as the starting point of an attack. Accordingly,
while training and pre-match drills are often isolated to Goalkeepers and position-specific staff,
Goalkeepers also contribute significantly to daily team training sessions with wider squad
members. These sessions provide complex environments, designed to better replicate the
demands of match-play, and are well known for being effective when developing and

cultivating skill acquisition (Davids et al. 2008; Renshaw et al. 2019).

Despite growing research in Goalkeeping and skill acquisition, practitioners can become path
dependent, reliant on basing their practice and session design on previous experience and/or
beliefs regardless of alternative methods or evidence (Woods, 2020). Session planning in
Goalkeeping is thought to occur with the intent to develop the skills of the position and facilitate
solutions, rather than trying to achieve the “perfect technique” (Chow et al. 2015). Empirical
evidence would suggest that coaches often employ their own ‘path dependent’ methods,
carrying out Goalkeeping sessions containing service and structures not found in match-play,
such as a ‘volleying service’ from the Goalkeeping coaches’ hands and prescriptive movement

of the Goalkeeper through cones or around the goal area. Ecological dynamics, the theoretical
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underpinning of the processes of perception, action, and cognition relating to athletes (Seifertet

al. 2017) has fostered frameworks such as the Constraints-Led Approach (CLA).

The CLA as employed with the athlete/Goalkeeper requires self-organisation in an ever-
changing performance landscape, creating the most effective movement solutions and actions
alongside the continual coupling of knowledge and perception (Renshaw & Chow, 2019;
Newell, 1986; Renshaw et al. 2010). Research by Gray (2020) compared the self-organisation
frameworks of the CLA and differential learning with that of prescriptive instructions when
looking to develop batting skills in baseball. The study found that self—organisation approaches
(Constraints-Led Approach & differential learning) encouraged better performance outcomes
through the exploration of movement vs prescriptive frameworks (prescriptive instructions)
which tried to ascertain the “perfect technique”. It is unclear whether Goalkeeping sessions are
designed to develop skills within a representative environment (Hamilton et al. 2020) or

devised to promote technical biases within a reduced context setting (Renshaw & Chow, 2019).

Previous research exploring the views of Goalkeeping coaches relating to the positional
demands for Goalkeeping and current Goalkeeping training approaches (Otte et al. 2020),
found that four skill sets are important to developing Goalkeepers: decision-making skills,
athleticism, mentality, and technical skills. Despite the above sentiments, the research
suggested that Goalkeeping coaches designed sessions in a linear manner ‘progressing’ from
“pre-activation, warm-up, technical part, complex part to cool-down” and chose to reduce
perceptual-cognitive information. The coaches in the study stated that they valued individuality
in the Goalkeepers’ technical executions but believed in “key technical principles” and
“idealised technical images”; such notions may limit the athlete’s exploration of movement

solutions and skills in the coach’s pursuit of isolated-technical training. Further understanding
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is required relating to session design structure throughout a week-long competitive microcycle
of training Goalkeepers as well as Goalkeeping coaches’ interpretations and descriptions of
‘Techniques” and ‘Skills’ relating to the Goalkeeping position. Therefore, with coaches heavily
entrenched in the day to day demands to personally perform whilst producing high-level
athletes, (Sheehy et al. 2019), understanding where coaches predominantly focus their session
design and coaching vs where coaches feel they need to personally develop (technical, tactical,

physical, psychological/social) is important to ascertain and guide future research in this field.

A Goalkeeping specific session design framework known as the ‘Practice spectrum’ (Figure
5.1) has been created with the aim; to aid in session design by allowing Goalkeeping coaches
to understand where decisions and physical movement solutions may be able to be explored vs
directly told through the “Practice Structure”; the layout of the scenario within the practice as
well as the “Service Type”; the type of ball delivery given within the session. The practice
spectrum centres around Announced; Goalkeeper is aware of C28"“The Practice Structure” &
“The Service Type”, Unannounced; Goalkeeper is aware of /*8'/0 “The Practice Structure” OR
“The Service Type”, and Live; Goalkeeper is unaware of C28““The Practice Structure” & “The

Service Type”.

The framework aims to be practically utilised and is key to its development and coach
understanding, with well documented research (Bishop, 2008) pertaining to the poor translation
of academic research to practical application, with ‘only research leading to practices that can
and will be adopted can improve sporting performance’. Thus, with limited research in this
unique subject area, it is vital that the topics researched can directly impact practitioners and

performance, in a tangible way. Following previous research using an online survey (Harper et
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al. 2016, Hills et al. 2020), Goalkeeping coaches’ perceptions were sought to identify how

session planning influences the availability of decision-making and movement solutions.



GOALKEEPER IS AWARE OF
BOTH
“THE PRACTICE STRUCTURE”
&
“THE SERVICE TYPE"

REPETITIONS
HIGH AMOUNT OF REPETITIONS
LIMITED DECISION MAKING
LACKS REALISM BUT HAS IT'S PLACE

104

PRACTICE SPECTRUM

GOALKEEPER IS AWARE OF
EITHER
“THE PRACTICE STRUCTURE"
OR
“THE SERVICE TYPE"

HIGH AMOUNT OF ACTIONS
LOTS OF DECISION MAKING
MATCH REALISTIC

GOALKEEPER IS UNAWARE OF

BOTH
“THE PRACTICE STRUCTURE”

&
“THE SERVICE TYPE"
HIGH ACTIONS/LOWER REPETITIONS

LOTS OF DECISION MAKING
CLOSEST T0 THE GAME

8 9

CAN HAVE A STRUCTURE 4
OF PASSES BEFORE THE

ACTION

OR

FREE STRUCTURE AND A

PARTICULAR ACTION AT
THE END

The Goalkeeper is aware of
both the OPractice StructureO
& OService TypeO.

The Goalkeeper is aware of either
the OPractice StructureO OR
OService TypeO.

The Goalkeeper is unaware
of both the OPractice
StructureO & OService

TypeO.

Figure 5.1 Practice Spectrum — Announced, Unannounced and Live.
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5.2 Methods

B"1'$%02+/:90/)%D%,4,-()%

Following institutional ethical approval (Appendix 9.3) a global sample of 162 Goalkeeping
coaches, volunteered to participate in a ~20 minute, 23-question online survey (Jisc,'E4-*4/%
790F/()G2024). The survey included multiple constructs relating to perceptions of practical
applications (skills and technical models), areas for coach development and session design,
with coaches having to fully answer each question, before being allowed to move to the next
question. A mixture of open and closed-ended questions was used, allowing for descriptive

statistics to be gained from frequency and thematic analysis (Braun & Clarke, 2006).

All responses remained anonymous; coaches provided information pertaining to their club role,
how long they have been working as a Goalkeeping coach, their highest level of academic and
Goalkeeping coaching education, and level of competitive football played (if applicable).
Following confirmation of informed consent, coaches were then directed to the survey. Upon
completion of the survey, coaches were given a unique ID number. This was necessary in case
coaches wished to withdraw their responses within a specific timeframe following
participation. No instances of this occurred.

%

B"I"1%,8,%14,-()*) %

Data from the questionnaire was compiled and input into Excel for further analysis (Microsoft
Corporation, 2018) by the lead author (AW). The data was analysed and presented in a
descriptive manner. The closed-ended branch of the research required frequency analysis

through manual input of the responses in order to gain a percentage relative to the sum of
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responses. Thematic analysis (Braun & Clarke, 2006), was undertaken in the open-ended arm
of the research, and as such answers were read multiple times to familiarise and gain a greater

understanding to appropriately categorise.



107

5.3 Results

B"6"8W/-%+900/48-(%K20=*4;%,8%D%L9,-*1*+,8*24%%2C8,*4/:

The Goalkeeping coaches involved in the study primarily had position-specific coaching
experience of > 10 years (35.8% of responses). Experience of 5 to 10 years, up to 5 years and
<1 year occurred in 25.9%, 34.6%, and 3.7% of responses, respectively. Respondents worked
in various Goalkeeping coaching capacities, including Head of Goalkeeping/1st
Team Goalkeeping Coach (42%), 1st Team Assistant Goalkeeping Coach (1.2%), Head of
Academy Goalkeeping (15.4%), Academy Goalkeeping Coach (21%) and other (20.4%);
describing Goalkeeping coaches working in grassroots, a Goalkeeping school or in addition to
being an analyst. Respondents worked in diverse football backgrounds, including professional
(65.4%), university (9.2%), semi-professional (3.7%), running their own Goalkeeping school

(4.9%), and in grassroots as a volunteer (16.7%).

Goalkeeping coaches were primarily full-time members of staff working in professional
(46.9%) and university (4.9%) settings, with the remaining population of coaches working part-
time in professional (18.5%) and university (4.3%) capacities, running their own
Goalkeeping school (4.9%), or working in grassroots as a volunteer/other (20.4%). The highest
level of Goalkeeping coach education they had achieved (or were currently undertaking) varied
between UEFA A Goalkeeping (27.8%), UEFA B Goalkeeping (27.2%), National Goalkeeping
certificate or equivalent (16%), Level 1 Goalkeeping (6.2%), or through another governing

body (22.8%).
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B"6"1%*--%D%5/+'4*+,-%324-)

Table 5.1 displays key phrases consistently used to describe the words; ‘Techniques’ in which
a Goalkeeper may undertake repeatable actions, with limited decision making and movement
solutions in the pursuit of an idealised/aesthetic model, and ‘Skills’ in which the Goalkeeper is
placed in a richer decision-making and context specific environment. Whilst Table 5.2 and
Table 5.3 exhibit the coaches’ responses to the perceived key ‘Techniques’ and Skills” used
in Goalkeeping, respectively. The responses relating to perceived key ‘techniques’ describe the
final aesthetic action such as scoop, dive, block, etc, and highlight coaches’ visual
representation of how something ‘looks’ in which certain aspects of the Goalkeeper’s physical
architecture can be reduced and compartmentalised to achieve a required visual outcome. In
contrast the descriptors of “skill”’; decision making under pressure, positioning, catching under
pressure, identifying, recognition and adaptability elicit a more complex, ecological thought
process, describing the continuous interactions of the individual (Goalkeeper), task and

environment (Davids et al. 2021).
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Table 5.1 Phrases consistently used to describe ‘Technique’ & ‘Skill®
Phrases consistently used to describe Techniques Phrases consistently used to describe Skills

E*)(40#%) (218#(1#%#)628 5#.IA(&24 .1 @)'(2!C".);)(d+ #* 8&A2&, 5H#+15 &H*&.88+E&.C%:%(18 HYH2*21.I'c(H%
)(&)+,8'%!).C&. Y6 (¥

e%8()C8(,*6.c42+159%'(218#24#8& *.'((A.#Y8)'(2!8 1.%& #-.;%A(2+8&HY%I5H#(8H#)218(8'.I'6<H#&#.%'.5
\+150%, .I'V68H#F; () #9%& #8&.4(1. 5HY%5H* &Y ().5 G.)(8(21#,%>(1:#2 1 8&A28&, (1 HYoH & d+(8.5HU%) (2!
R.9'-22>C:265#8'%!5%85C*&..4.&8. BH#F %<8 VA4 (A#.):(d+.co%) (21
$&2* &C)28&.) C&(:; HFY<BH';(1:8#8;2+65#- #52!. 02'#%#-%8 (JHY0 ) (@1#.84#6 A 64 .);1(d+. #
082> H52F1#+82).88 $&2).88#'2#* &42&.,C.9.)+ H#Y%HYF GRH(' (A #*82) .88
$.8).(A.5#F%<8#%#%)'(21#8;2+65#622> Q12F6.5: #24* 8428 HYH W8>
# #

7.6(%-6.#%)'(248 R%6.%
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Table 5.2 Perceived Key ‘Techniques’ used in Goalkeeping

Perceived Key ‘Techniques’ used in Goalkeeping

Out of Possession terms In Possession terms
hij#)%’); E&(>(!:
E)22* g(>("
“+*ce%8>.' $%88(!:
G(A. E(5.#i('5.&
'266%*8. R;&2F(":
EF..* G(8'&(-+'(2!
%");(:cT%!56(!: 7.).(A(%:
U+*(!: e%66#)2!'&26
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Table 5.3 Perceived Key ‘Skills’ used in Goalkeeping

Perceived Key “Skills’ used in Goalkeeping

Out of Possession terms In Possession terms Other terms
%");(1:#+15.&#*&.88+&. $%88(!:cG(8'&(-+'(2!8 G.)(8(2'#,%>(:cY+5:(1:#+15.&#*&.88+&.
€62)>(1:c8*&.%5(!: R<*.8#24#*%88 2,,+10)%'(2!
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Figure 5.2 depicts the elements that coaches primarily focus on when designing sessions; with
tactical (43.2%) and technical (46.3%) being the primary focus areas whilst the areas of
development were seen highest for physical (31.5%) and Psychological/Social (35.8%). A
further breakdown of focus areas highlighted that technical and tactical as the highest areas for
I8t Team (42.9% & 52.4%), Development (U18-U23) (33.3% & 54.2%) and Academy (U9-
U16) coaches (63.6% & 25.0%) respectively. Technical as well as Psychological/Social were
42.9% each for “Other” coaching category which included working with Goalkeepers below
the age of nine years old and may explain the bias toward a higher psychological/social and
technical supposed need for the Goalkeepers. Goalkeeping coaches indicated that when
designing sessions there was a need to personally develop in the areas of psychological/social
across all age group/levels (1% Team; 31.7%, Academy (U9-U16) 41.0%, and Other 57.0%)
with development coaches rating physical as their highest area of personal development (50%)
and may reflect the physical changes the Goalkeepers are going through during this stage in
their career and the need to design sessions appropriately whilst imparting knowledge within

the sessions, off the grass or with a wider staff focus.
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Goalkeeping coaches worked with varying numbers of Goalkeepers within Goalkeeping
sessions with the majority working with three (34.6%) or four (27.8%) at one time (Figure 5.3).
Coaches suggested that they design the majority of their Goalkeeping sessions on an
unannounced scale between ‘6’ (31.1%) & ‘7’ (32.3%) inferring that they design with an intent
to create a rich decision-making environment. Coaches also evidenced that they tend to
structure their sessions linearly, initially reducing perceptual-cognitive information through the
design of sessions in a highly announced manner (84.6%) for part one of their sessions before
progressing to more unannounced in parts two (74.7%) and three (69.1%), then ending at part

four of the session with a live practice (89.5%).
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Time spent within the practice spectrum structures indicated announced practice designs were
used, with 65.5% of respondents spending up to 30 minutes per week focusing on less complex
tasks throughout a weekly training structure. In comparison, greater decision-making
environments were designed through unannounced (75.9%) and live (72.8%) session structures

for between 30 to 120+ minutes per week.

Announced training structures were lowest on Matchday -3 (3.1%) and Matchday -2 (6.9%),
with a tactical focus being attended to within session design 27.5% and 54.2% respectively.
This concurs with the unannounced and live session design focus seen during Matchday -3
(61.9%) and Matchday -2 (69.5%). Announced session structures were seen in their greatest
form furthest away from the next match; Matchday +1 (77.1%), Matchday +2 (29.0%) and
Matchday +3 (21.4%). Unannounced training structures were a consistent presence across a
training week apart from on Matchday +1 (8.4%), presumably due to recovery methods being
employed so soon after a match and “OFF’ days (77.0%) also occurring on this day. Live
session design structures were highest on Matchday -2 (46.6%) and lowest on Matchday +1
(2.3%) and Matchday +2 (3.1%). Match day +3 was the largest physical capacity focus

(15.3%).

When designing sessions, Goalkeeping coaches reported a tendency to consult with the
manager (63.6%), other coaches (73.5%), and Goalkeepers (59.9%) and to a lesser degree with

sports science staff (36.4%), the medical team (37.0%) and analysts (29.0%).
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5.4 Discussion

This paper sought to investigate the perceptions of Goalkeeping coaches concerning practice
designs while working at various levels and the effects that this may have on the availability
of decision-making and physical movement solutions for the Goalkeeper. Whilst the
Goalkeeper occupies a highly skilled position, reliant on the constant coupling of perceived
information and required actions, Goalkeeping coaches defined the term ‘Techniques’ as
(basic, simple, foundations, fundamentals, proper, correct, right, and textbook), allowing for
an understanding into a reductionist approach to the complexities of the position and its actions.
Coaches (46.3%) highlighted a strong focus of coaching isolated-technical sessions, often
familiar and easier to instruct in relation to restricted movement solutions; scoop, set, hand
shape, and “W” catch. Sarama, (2024) describes this type of coaching as the “dominant
approach”; requiring rote repetition in a linear and reductionist environment to produce the
‘perfect’ outcome vs a “contemporary approach” which would harness skill through repetition

without repetition to in a non-linear, representative environment.

A high focus on the tactical design of sessions in the Development (54.2%) and 1% team
(52.4%) Phases (U18 and higher), maybe in part due to performance drivers of winning at these
ages and the influences of opposition tendencies, team ‘game-plans’ and managerial needs
focussing on the match. Announced session structures which usually form a technical focus
and have limited decision making components were predominantly used at the start of the
training week leading into a match, whilst live session structures occurred in the two days
leading into a match, and one could infer that the coach may want to reduce the
cognitive/decision making load during the period soon after a match whilst attending to the

tactical demands of match-play closer to match-day, respectively (Otte et al, 2020). An
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increased physical focus was also seen at this time in the week, and coupled with announced
practice design, may lend to repetitive practices of movements and techniques, designed for
Goalkeepers to work on their ‘basics’ in a physical manner far greater and less representative

to what would be needed and imparted in a match (as highlighted in chapters three and four).

Coaches utilised the practice spectrum throughout their weekly training structures and spent
minimal periods of time (30 minutes per week) utilising less complex, announced practice
designs, and dedicated more time (30 to 120+ minutes per week) to greater decision-oriented
sessions through unannounced and live practice designs. This would show some progression
in the development of session design from previous research by Otte et al. (2020) in which
professional football Goalkeeping coaches implied that complex training activities accounted
for around 30% of the total session time, paralleled to 50— 70% focusing on isolated training

activities.

Sessions were suggested to be designed ‘most of the time’ at an unannounced level, containing
match-realistic actions and decisions through an environment where the session structure or
service type is not fully known and the Goalkeeper is able to find a movement solution. A
deeper understanding of the coaches responses to the term °Skill’; positioning, decision
making, effectiveness, communication, positioning, catching under pressure, scanning,
resilience and adaptability, is needed in relation to how sessions are designed and in turn
perceived by the Goalkeepers and whether the information is delivered through a contemporary
or dominant approach to problem solving, in which rote repetitions of drills limit decision
making, movement solutions and skills the Goalkeepers can develop are performed (Sarama,

2024).
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Otte et al. (2020) sought evidence of linear session design structure within Goalkeeping
sessions, which aligns with the results from the current study in which Goalkeeping coaches
stated they progressed from isolated-technical (announced) to complex (unannounced and
live); announced (part 1 — 84.6%), unannounced (part 2 — 74.7% & 3 — 69.1%) and live (part 4
— 89.5%). Whilst this may allow for a logical progression for coaches to confirm their own
biases of movement and allow for moments of ‘correction’ within less-representative
environments, this may come at a cost to the Goalkeepers development and ability to explore
and ultimately find solutions, as well as the coaches developing their own understanding and

ability to impart on the Goalkeepers with detail and clarity.

Coaching is relentlessly balanced between development and performance, and as such session
design may become less representative with the effort to repeat reductionist actions/situations
in the hope of an instant performance outcome. Goalkeeping coaches were more inclined to
consult with other coaching staff (73.5%), the manager (63.6%) and Goalkeepers (59.9%)
when designing their sessions, which may have been due to limited exposure to other staffing
resources; sports science staff (36.4%), medical team (37.0% and analysts (29.0%), lack of
relationships being formed with such staff, a comfort/hierarchical pressure or lack of
understanding in such areas and in turn maintaining session design content and ideas within

their own respective department.

Linking the above sentiments to coaches perceived personal areas of development; physical
(31.5%) and psychological/social (35.8%), coaches may truly benefit from an integrated
approach with other departments, gaining a detailed insight into a Goalkeepers’ potential
physical literacy and understanding of Goalkeeping movements, as well as the theories of skill

development away from coaching biases which may eventually aid in the quality of session



120

design and in turn player development and preference away from a predetermined construct of

movement solutions.
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5.5 Conclusions and directions for future research

Coaches designing of sessions are of high importance when developing the technical (skilful),
tactical, physical and psychological/social areas of a Goalkeeper’s skillset. When attuning to
the realistic demands of match-play and providing environments engrained in decision-making
processes, coaches should allow for opportunities of personal movement solutions to be acted

upon relating to the information being perceived.

Practitioners recognised areas of development relating to the physical and psychological/social
demands of Goalkeeper, but key to implementing a holistic session design approach, linking
and not siloing/compartmentalising, a greater understanding of such areas is needed to
optimally impart on the technical (skill) and tactical areas. This requires coaches to work in an
integrated manner with staff other than the manger and coaches to look deeper into how
Goalkeepers may truly move. Sports science, medical, analyst teams and the Goalkeeper
themselves may be able to provide evidence and support to the Goalkeeping coach in relation
to various situations within a match rather than creating assumptions around movement on a
basic, technical level, which become inherently easier and more comfortable to coach through

rote repetition and language.

The findings that coaches on average design most of their sessions in an unannounced context
(81.5%) should allow for Goalkeepers to be exposed to greater decision-making moments
through perceptual-cognitive mechanisms to find movement solutions in a context close to a
match-play environment. Further understanding is needed into whether the designing of such

sessions by the Goalkeeping coaches in the study truly allow for solutions to be found or



122

whether technical biases are still heavily intertwined into the constructs of the session,

ultimately minimising the action opportunities.

Research in the current study is limited to the responses of the questionnaire rather than
practical observations and as such interpretation can only be inferred. However, although
sessions could not be observed, understanding that a linear approach to session design is
utilised allows for us to deduce that coaches follow a structure of achieving reduced
information at the start of sessions, imparting technical structures to potentially develop a
“perfect technique” before being satisfied to progress to a more representative environment. In
doing so, coaches may lose the opportunity to understand what movement solutions the
Goalkeeper can produce, restricting their movement to a particular biased and pre-conceived
technical model which may not be effective to that individual based on their physical

capabilities.

The findings from the study are particularly important for coach education settings when
constructing courses and its pertaining parts such as session design, wider staffing impact,
technical models of coaching, as well as for Goalkeeping coaches who may currently be
working within a small bandwidth of information solely relating to technical and tactical
without input from physical and psychological/social support. Utilising language such as
“skills” or “actions” may afford opportunities for change in coaching biases away from a
prescriptive way of coaching in a “technical manner”, whilst also allowing for “skills’ and

“actions” to be perceived by Goalkeepers as an individual and unique way of Goalkeeping.



123

Chapter 6.0 General discussion, practical applications, and directions for future research

6.1 Realisation of thesis aims

The thesis comprised of multiple investigatory components and aimed to add to the limited
body of Goalkeeping research, through exhaustively gathering evidence from a range of
sources, including reviewing current literature, empirical observations, and surveying
Goalkeeping practitioners to enhance understanding of the Goalkeeping-specific position and
evaluate current in-season Goalkeeper practices that have implications for movement

solutions and session design.

The thesis purposefully aimed to 1) review current literature pertaining to the availability of
information relating to the performance responses of football Goalkeepers, 2) profile the
physical demands throughout a week-long competitive microcycle, 3) quantify the movement
demands elicited and profile transient changes in the movement responses of professional
football Goalkeepers during 90-min of match-play, and 4) explore Goalkeeping coaches
current planning and delivery strategies of Goalkeeping training sessions, and the effects this
may have on the availability of decision-making and physical movement solutions for the

Goalkeeper.

Chapter two sought to gather information pertaining to current literature surrounding the
unique and specialised position of football Goalkeeping and the material gathered throughout
this chapter helped to guide the design of the studies found in chapters three, four and five.
Expressed throughout chapters three and four was information pertaining to the importance of

understanding activity-type demands professional Goalkeepers are placed under and the effects
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such activities may have on future training designs and recovery methods, whilst also attending
to the knowledge of the fluctuating demands within 90-minutes of match-play and the effects
this may have on the Goalkeeper, and team (physically and tactically). Further insight within
chapter five into the current planning and delivery strategies of Goalkeeping coaches in relation
to the practice spectrum when designing training sessions allowed for a deeper appreciation of
the training methodologies employed in relation to the availability of decision-making and
physical movement solutions for the Goalkeeper, whilst also ascertaining future coach
education and training design implications relating to the sample of coaches’ areas of strength

and development.



125

6.2 The physical demands throughout a week-long competitive microcycle

Chapter three sought to understand the physical demands of professional Goalkeepers
throughout a week-long competitive microcycle. Such research was necessary due chapter two
highlighting limited research within football Goalkeeping. A need to profile Goalkeepers
throughout match-play and training activities was required, as current empirical observations
would suggest that Goalkeepers are managed similarly to that of their outfield counterparts and
with better understanding and subsequent management of the monitoring, planning and
delivering of training and recovery to the unique position of Goalkeeping a performance gain
maybe achieved. The initial information gained throughout chapter three aided in the narrative

of the thesis and future directions of research throughout the subsequent chapters.

Goalkeepers were profiled using Goalkeeper-specific micromechanical electrical systems
(MEMS) devices throughout ‘personal pre-match warm-ups’, ‘pre-match shooting’
‘Goalkeeping-training’, ‘shooting-training’, and ‘small-sided games’ activities throughout one

competitive week (4=8).

Empirically, Goalkeeping and outfield coaches guide the design and implementation of training
activities when working in isolation, with the team or during ‘pre-match shooting’.
Goalkeepers usually instruct their own self-composed activities (which would vary in content
from Goalkeeper to Goalkeeper) in readiness for the competitive ‘match’ and typically include
handling and passing skills, as well as the replication of match scenarios. Whilst ‘pre-match
shooting’ utilises the Goalkeeper to defend the goal, the training activity tends to be designed

by outfield coaches to aid in the attacking players confidence and preparation for the match
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and at times can focus on greater repetition of striking the ball toward the goal at the detriment

of realistic practice design and the physical load of the Goalkeeper.

Further understanding of the physical demands placed upon professional goalkeepers
throughout a week-long competitive microcycle sought to realise that the activity of ‘pre-match
shooting’ tended to last for 12 + 2 minutes in length and although most changes of direction
(34£12) and explosive efforts (70+18) occurred during Goalkeeping-training, with values
exceeding match (both p=0.012), further investigations noted this type of activity to be the
most intense during the limited time period, with an average of 32 dives occurring. Recognising
that a dive was occurring approximately every 23 seconds during ‘pre-match shooting’ in
comparison to an average of a dive every 9 minutes in a match, posed further questions of
‘who’ out of the Goalkeepers involved in the warm-up should complete the activity (starting
Goalkeeper or substitute Goalkeeper) and its implications on potential match performance was

realised.

Therefore, such findings warrant consideration for the utilisation of a third Goalkeeper (not to
be used in match-play) in match-day warm-up activities. The incorporation of a third
Goalkeeper would intentionally facilitate the ‘pre-match shooting” whilst allowing for the
substitute Goalkeeper to appropriately prepare for the match in case of injury to the starting
Goalkeeper during the warm-up or early in match-play. Since the development of this study,
the incorporation of three Goalkeepers is now regularly observed in warm-ups with financial
and thus performance implications recognised; in the English Premier League each team earned
£2.8 million more than the side below them in the final table positioning (Edwards, 2025).
Abbott et al, (2023) have subsequently confirmed the findings that ‘pre-match shooting’

represents the greatest physical demand that a Goalkeeper is placed under throughout a week,



127

and consequently substitute Goalkeepers experience greater physical loads than starting
Goalkeepers, whilst starting Goalkeepers experience greater mental fatigue than that of the
substitute Goalkeepers. Such findings highlight the differences in internal and external load
between starting and substitute Goalkeepers and stress the importance of staff-collaboration
and appropriate planning of match-day warm-ups and Goalkeeper inclusion, recovery and
training methods for the benefit of player well-being and performance for both starting and
substitute Goalkeepers. Abbott et al, (2023) quantified internal load through session rating of
perceived exertion (SRPE) through multiplying individual rating of perceived exertion (RPE)
by active session duration. Further, holistic research could implement differential rating of
perceived exertion (dRPE) metrics to quantify internal load through self-perceived
breathlessness, leg and upper body exertion, as well as cognitive and technical demands

McLaren et al, 2017) across various goalkeeping activities.

It is anticipated that the body of research compiled throughout the thesis (Figure 6.1) offers
some thought-provoking insight into the niche and specialised position of football Goalkeeping
to aid in future training design, availability of decision making and movement solutions,

planning strategies of recovery and staff collaboration when attending to the Goalkeeper.



Thesis aims

The thesis aimed to better
understand both the physical
demands imposed on
goalkeepers within games
and varying training activity-
type environments as well as
profile the current
Goalkeeping practices, and
explore perceptions
regarding there adequacy.

Study aims

To profile the physical demands
throughout a week-long competitive
microcycle.

To quantify the movement demands
elicited and profile transient
changes in the movement responses
of professional soccer goalkeepers
during 90-min of match-play.

To explore goalkeeping coaches
current planning and delivery
strategies of goalkeeping training
sessions, and the effects this may have
on the availability of decision-making
and physical movement solutions for
the goalkeeper.
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Key findings

Goalkeeping-training = greatest physical
demands - most changes of direction
(34+£12) and explosive efforts (70+18) >

match (both p=0.012). 12 (2) minutes of ‘pre-
match shooting’ = 36 dives - a dive every 20
seconds = most intense period of a GK's
week vs all activity types - match-play =1
dive every 9 minutes.

Analysis of movement responses during
90-min match-play - 45-min halves and six 15-
min epochs.

All variables (except high jumps), differed from
0-15-min during at least one match epoch.
More dives (1.3+1.4 vs 1.0+11) and explosive
efforts (2.5+2.4 vs 2.0+1.8) performed between
75-90-min versus 0-15-min (all p<0.05).

Linear session design - (announced)
to (unannounced and live).
Announced = furthest away from the
next game; MD +1 (771%), MD +2 (29.0%)
and MD +3 (21.4%), reduce cognitive
load? Unannounced session design
(81.5%) of the time week = greater
decisions.

Practical
applications

Planning of training/recovery
strategies.

Which goalkeeper (involved in the
match-day warm-up) should complete
the 'pre-match shooting' Three
goalkeepers now regularly observed in
warm-ups - financial and performance
implications.

Player and staff communication when
designing sessions and preparing the
goalkeepers physically (ergogenic
interventions at specific times during a
match) and tactically through positional-
play and goalkeeping-specific actions to
aid in individual and team performance.

A goalkeeping-specific
coaching framework (the practice
spectrum) - introduced for coaches to
better comprehend the rationale of
their session design. e.g. intention to
develop the skills of the position or a
reductionist approach to find the
“perfect technique” exists.

Directions of
future research

(Abbott et al, 2023), found
starting goalkeepers = greater mental
fatigue vs substitute goalkeepers who

= greater physical loads throughout
the week. Further, research =
differential rating of perceived exertion
(dRPE) (McLaren et al, 2017) across
goalkeeping activities.

Further research into the
technical, and tactical demands of
goalkeeping transiently throughout

match-play may align current findings
to further aid in the ever-evolving
individualised preparatory and
recovery practices for this bespoke
population of player.

Further observations are needed
into whether the designing of such
sessions utilising the practice
spectrum of AUL, truly caters for
solutions to be found and skills to be
manifested or whether technical
biases are still heavily intertwined into
the constructs of sessions.

Figure 6.1 Overview of thesis aims, study aims, key findings, practical applications, and directions of future research.
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6.3 Transient changes in the movement responses of professional football Goalkeepers

during 90-min of match-play

With a view to better understand the transient changes in the movement responses of
professional football Goalkeepers during 90-min of match-play, the data was studied over 45-
min halves and additionally into six 15-min epochs. The data was collected using Goalkeeper-
specific micromechanical electrical systems (MEMS) over a sample of 100 matches (4=8,
18+14), examining the under 18, under 21, FA cup, League Cup, and Southern Premier football

competitions.

Notably, evidence indicated that Goalkeepers experience greater physical demands during the
final 30-min (i.e., 60-75 and 75-90-min epochs) of a match, when compared with the opening
15-min responses. Such sentiments may align to changes in team tactics in combination with
the progressive fatigue of outfield players towards the end of a match (Bangsbo et al, 2007,
Bangsbo et al, 2006, Mohr et al, 2003), with research suggesting that outfield players with a
reduced ability to sustain repeated bouts of high-intensity running, may adopt pacing strategies
in an effort to reduce declines in physical performance during the latter stages (final 15-
minutes) of match-play (Rabbani et al, 2024). In addition, when data was compared between
league level evidence was seen that regardless of playing level, Goalkeepers experience greater
physical demands during the final 30-min of a match, when compared with the opening 15-
min responses. Further, high-speed distance and the number of dives performed remained
similar between halves, Goalkeepers performed more explosive efforts (7.4 vs 6.4) and high-

speed changes of direction (4.0 vs 3.3) from 45-90-min, compared with before half-time.

Our data supports previous findings indicating increases in attacking opportunities through

shots taken, and crosses delivered into the 18-yard box for the Goalkeepers to defend (Di Salvo
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et al, 2008, Njororai, 2013), and although Goalkeepers may not be explicitly involved through
a physical action of a catch, save, punch or other mechanism, the nature of the Goalkeeper
position needing to transition to defend the goal, space or area may explain the increases in
explosive efforts during this time. With greater opportunities on goal seen later in matches,
fluctuations in the physical demands maybe experienced by Goalkeepers through Goalkeeping
positional adjustments in and out of possession to support the team needs as well as the type of

defending structures imposed against the attacking tendencies of the opposition.

A limitation of the data collected, surrounded the actions Goalkeepers undertake when
defending their goal, and whilst ‘diving’ actions were quantified, more unique movements of
Goalkeeping, namely ‘blocking’ and ‘spreading’, could not be measured through the MEMS
devices. In the absence of previous data, this study provides novel insight into the transient
changes in the movement responses of professional football Goalkeepers during 90-min of
match-play, but further depth may be achieved using rolling averages and worst case scenario
analyses with previous reporting stating that fixed epochs underestimate total distance by ~7-

10% and high-speed running distance ~12-25% (Fereday et al. 2020).

This study highlighted the importance of practitioner understanding relating to the physical
demands and changes throughout match-play, the significance of player and staff
communication when designing sessions and preparing the Goalkeepers physically (potential
need of ergogenic interventions at specific time-points during a match) and tactically through

positional-play and Goalkeeping-specific actions to aid in individual and team performance.
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6.4 Goalkeeping coaches current planning and delivery strategies of Goalkeeping training

sessions

Through key findings discovered in chapters three and four highlighting the importance of
appropriate planning and delivery of Goalkeeping specific sessions, in order to best prepare the
Goalkeepers for match-play demands, chapter five sought to explore Goalkeeping coaches’
current practices relating to Goalkeeping training session design, and the effects this may have

on the availability of decision-making and physical movement solutions for the Goalkeeper.

Coaching has been best thought to holistically develop players and as such attend to the
physical, psychological, social, technical and tactical demands the sport imposes. Whilst the
Goalkeeping position requires a high level of skill, through the constant perception of
information and required actions throughout a match, current practice design of sessions within

Goalkeeping was needed to be further understood.

Ecological dynamics, which has provided the theoretical underpinnings of perception, action
and cognition relating to athletes (Seifert et al. 2017), cultivating frameworks such as the
_/2,"9)12",[W*$idKK+/)0G (CLA) which have allowed athletes to perceive information from an
ever-changing landscape to create the most effective movements solutions and actions through
self-organisation (Renshaw & Chow, 2019; Newell, 1986; Renshaw et al. 2010). A
Goalkeeping-specific coaching framework known as the practice spectrum was used to
comprehend if sessions are designed with the intention to develop the skills of the position, or
whether ‘path dependency’ resides in trying to achieve the “perfect technique” (Chow et al.

2015).
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With the utilisation of the practice spectrum to best conceptualise the design of a Goalkeeping
coaches session, the structure was detected to be designed linearly with sessions progressing
from isolated-technical (announced) to complex (unannounced and live); announced (part 1 —
84.6%), unannounced (part 2 — 74.7% & 3 — 69.1%) and live (part 4 — 89.5%), confirming
previous research undertaken by Otte et al, (2020), and would allow us to infer that coaches
follow said structure of achieving reduced information at the start of sessions, imparting
technical structures to potentially develop a “perfect technique” before being satisfied to

progress to a more representative environment.

Although a linear approach to session design was evidenced, sessions were said to be designed
‘most of the time’ (81.5%), at an unannounced level between ‘6’ (31.1%) & ‘7’ (32.3%),
allowing Goalkeepers to explore and find solutions, and based on the practice spectrum
descriptors, would have limited knowledge of the session structure or service type. Such
findings would complement the responses relating to skill; positioning, decision making,
effectiveness, communication, positioning, catching under pressure, scanning, resilience and
adaptability, signifying a greater awareness of the perception-action coupling Goalkeepers

attend to in performance environments.

Further, announced session structures, which limit decision-making opportunities, through the
understanding of the session structure and service type and predominantly comprise of a
repeated technical focus were primarily used at the beginning of the training week leading into
a match. Coaches also evidenced an increased physical focus at this period in the week and one
could infer that whilst the coach may want to reduce the cognitive/decision making load soon
after a match, promoting physical movements in a reduced context may not represent the true

demands of match-play highlighted in chapters three and four.



133

The designing of sessions is therefore driven by several different factors, namely the needs of
the Goalkeeper, Goalkeeping coach biases, relationships with other staff (coaching staff
(73.5%), the manager (63.6%) and Goalkeepers (59.9%), sports science staff (36.4%), medical
team (37.0% and analysts (29.0%), as well as the upcoming competitive matches. Development
(54.2%) and 1% team (52.4%) Goalkeeping coaches noted a high focus toward the tactical
design of sessions and may denote a strong performance drive and attention to forthcoming
matches with an intention to win at such ages and stages. Whilst the study highlights that
Goalkeeping coaches predominantly work at an unannounced level (81.5%), exposing
Goalkeepers to an environment close to match-play and fruitful in decision-making moments,
further observations are needed into whether the designing of such sessions truly allow for
solutions to be found and skills to be manifested or whether technical biases are still heavily

intertwined into the constructs of sessions.

6.5 Skillset areas of strength and development for Goalkeeping coaches to best inform

future practice

It became clear within the chapter that a strong focus of isolated-technical sessions were
adopted by coaches (46.3%), with further labelling of said techniques as basic, simple,
foundations, fundamentals, proper, correct, right, and textbook, inferring a reductionist way of
thinking toward a highly skilled position, thus limiting opportunities for the exploration of

movement solutions to occur.

Whilst the technical (46.3%) and tactical (43.2%) areas of Goalkeeping were highlighted as
elements coaches primarily focussed on, the physical (3.1%) and psychological/social (7.4%)
areas appeared to have less of attention within session design. Such sentiments may coincide

with where Goalkeeping coaches felt they needed to personally develop when designing
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sessions, noting a lesser priority toward the development of technical (11.1%), and tactical
(21.6%) knowledge in comparison to the physical (31.5%) and psychological/social (35.8%)
areas of Goalkeeping understanding. Such sentiments elude to a coach’s intentions to impart
knowledge across the Goalkeeper’s skillset areas of technical (skilful), tactical, physical and
psychological/social and are realised through said coaches exposure of previous experience as

a player or coach, peer-learning and observations, and courses of learning amongst others.

Linking to earlier evidence within chapter five surrounding staff integration and lesser
collaboration between Goalkeeping coaches and sports science staff (36.4%), the medical team
(37.0%) and analysts (29.0%), it is key finding within the study that Goalkeeping coaches may
better integrate with such staffing groups in order to further their own knowledge, share
position specific knowledge, and collaborate between departments to better inform their
practice design and prepare Goalkeepers for competitive match-play. Such findings are
significant for coach education settings, highlighting the importance of an holistic approach to
session design incorporating and not siloing the technical, tactical, physical and

psychological/social constructs and associated staff knowledge.

6.6 Recommended practice

Overall, the thesis has provided the opportunity to address the limited literature relating to
football Goalkeeping, whilst adding to, in the form of exploring the physical demands of
Goalkeepers during activities in training and match-play and understanding current
Goalkeeping practice design. Figure 6.2 and 6.3 highlight practical examples of professional
Goalkeepers during one and two match-week schedules. Whilst the examples highlight a
starting Goalkeepers schedule, revisions for substitute or supporting Goalkeepers would be

needed due to the demands previously highlighted, in particular relating to shooting before a
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match, which is the most intense period in a Goalkeeper’s week and should be managed

appropriately.

The model further attends to the ‘practice spectrum’; denoting the level of decision-making
and exploration the Goalkeeper attends to through evidence gained of AUL, ‘training
considerations’; surrounding the activity-types the Goalkeeper maybe exposed to, as well as
the ‘theme’; which directs the coach and player to the appropriate designing of sessions or

recovery modalities following training activities and match-play.

‘Calls for action’ surround education courses better attending to learning and how session
design can be greatly impacted through staff integration, awareness of coaching frameworks,
current literature and research pertaining to the demands of Goalkeeping and the areas of
personal development of coaches rather than solely delivering based on the technical and
tactical elements at the detriment of the receiving coach and Goalkeeper. Further the utilisation
of language in said courses to promote “skills” or “actions” may afford opportunities for change
in coaching biases, allowing for a greater understanding of the individuality and uniqueness of
each Goalkeeper rather than a prescriptive view of coaching in a ‘one size, fits all” “technical

manner”.

Key findings and considerations from the previous chapters follow:

e Aware of limited research investigating the demands of Goalkeeper-specific training
sessions and match-play during a competitive microcycle). Thus, novel insight was
gained into the physical demands of professional Goalkeepers’ during various activities
throughout a week-long competitive microcycle, to aid in practitioner planning,

preparation and periodisation relating to training and/or recovery strategies.
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Most changes of direction (34+12) and explosive efforts (70£18) occurred during
Goalkeeping-training, with values exceeding match (both p=0.012),

Further, the 12 £+ 2 minutes of ‘pre-match shooting’ comprised of 36 dives, an average
of a dive every 20 seconds, recognising the most intense period within a Goalkeeper’s
competitive week when compared with other activity types, most notably one dive
occurring every nine minutes during match-play.

The research poses the question of ‘who’ (out of the Goalkeepers involved in the warm-
up prior to a match) should complete the activity (starting Goalkeeper or substitute
Goalkeeper) and its implications on potential match performance.

Fluctuations in the physical demands across activities were realised, whilst other
demands such as cognitive and technical were not. Further observations through the use
of internal load measurement such as dRPE, could substantiate empirical evidence that
Goalkeepers experience mental fatigue as a result of match-play

Analysis of movement responses during match-play by dividing the 90-min match data
separately into 45-min halves and into six 15-min epochs.

Excluding the number of high jumps, all variables differed from 0-15-min during at
least one match epoch, with more dives (1.3+1.4 vs 1.0£1.1) and explosive efforts
(2.5+2.4 vs 2.0£1.8) performed between 75-90-min versus 0-15-min (all p<0.05).

The importance of practitioner understanding relating to the physical demands and
changes throughout match-play, was realised in chapter four, with the significance of
player and staff communication being highlighted when designing sessions and
preparing the Goalkeepers physically (potential need of ergogenic interventions at
specific time-points during a match) and tactically through positional-play and

Goalkeeping-specific actions to aid in individual and team performance.



137

A linear session design structure by Goalkeeping coaches was detected, progressing
through the practice spectrum from isolated-technical (announced) to complex
(unannounced and live) and may infer the need for developing the “perfect technique”.
Announced session structures were seen in their greatest form furthest away from the
next match; Matchday +1 (77.1%), Matchday +2 (29.0%) and Matchday +3 (21.4%),
potentially designed with an intent to aid in recovery through reducing the cognitive
load after a “Matchday”.

Goalkeeping coaches predominantly work at an unannounced level (81.5%) on the
practice spectrum throughout a competitive week, exposing Goalkeepers to an
environment close to the match-play and fruitful in decision-making moments.
However, further observations are needed into whether the designing of such sessions
utilising the practice spectrum of AUL, truly caters for solutions to be found and skills
to be manifested or whether technical biases are still heavily intertwined into the
constructs of sessions.

The technical (46.3%) and tactical (43.2%) areas of Goalkeeping were highlighted as
elements coaches primarily focussed on, whilst Goalkeeping coaches felt they needed
to personally develop in the physical (31.5%) and psychological/social (35.8%) areas
of Goalkeeping.

Lesser collaboration between Goalkeeping coaches and sports science staff (36.4%),
the medical team (37.0%) and analysts (29.0%) was found and highlights that
Goalkeeping coaches may benefit from an improved integration with such staffing
groups in order to further their own knowledge, share position specific knowledge, and
collaborate between departments to better inform their practice design and prepare

Goalkeepers for competitive match-play.
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e Findings are particularly significant for coach education settings, highlighting the
importance of a holistic approach to session design incorporating and not siloing the

technical, tactical, physical and psychological/social constructs.
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Chapter 7.0 Conclusion

Goalkeeping is a specialised and unique position within football and whilst pivotal and
potentially result-defining, research surrounding match-play and training activities of
Goalkeepers is limited. The current research highlights that similar to their outfield
counterparts, Goalkeepers undertake a variety of training activities in preparation for the
transient demands of match-play, spending large periods of time with position-specific
coaches. Unsurprisingly, given the time spent in isolated Goalkeeping environments,
Goalkeepers experienced the highest changes of direction and explosive efforts when involved
in Goalkeeping training. However, with Goalkeeping training attending to the multiple
constructs of the position, both in and out of possession, the greatest number of dives were
observed during ‘shooting-training’ (an activity with a sole focus of shots on goal). Whilst
predictable that an activity attending to shooting would produce a high level of dive exposure,
Goalkeeping coaches could collaborate better with other staff (as previously highlighted) to
address the competitive match-play demands of the Goalkeeping position utilising evidence of
greater dive and explosive efforts exposure during the final 15-min (i.e., 75-90-min) of
competitive matches when compared with the opening phase. Such a sentiment could
appropriately enhance the design of practices, aid in the rotation of Goalkeepers within activity
types (to promote adequate recovery), constrain the load through time demands as well as

narrow the focus of attacking opportunities.

With the transient demands of match-play highlighted even further in chapter four, Goalkeepers
appeared to experience greater physical demands during the final 30-min (i.e., 60-75 and 75-
90-min epochs) of a match, when compared with the opening 15-min, additionally supporting

the need for staff collaboration when appropriately exposing the Goalkeeper to the relative
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match-play demands and balancing adaptive stimulus and recovery when periodising training
loads. Further, with Goalkeepers exposed to various activity-types attending to the needs of the
position to defend the goal, claim crosses, sweep up behind the defensive line and exploit space
when in possession, Goalkeepers will be placed under various physical demands, namely
during ‘pre-match shooting’; an activity lasting 12 + 2 minutes in length and with an average
of 32 dives occurring (a dive every 23 seconds) in comparison to an average of one dive every
nine minutes during match-play. A key finding that highlights the need for practitioners to
consider the periodisation of a Goalkeepers training week, in reference to upcoming activities
either of match-play or occurring on the day of a match, whilst also managing the group of

Goalkeepers during ‘pre match warm-ups’.

A further key finding related to the construct of Goalkeeping training environments (surveyed
in chapter five), being isolated, away from the team, and with a large majority being designed
to have a linear focus from isolated-technical (announced) to complex (unannounced and live),
with announced structures primarily seen on Matchday +1, +2 and +3 with an intent to reduce
cognitive load after a “Matchday”. It is suggested that Goalkeeping training is designed at an
unannounced level, ‘most of the time’ with an intention to provide an environment rich in
decision making and closer to match-play, whilst information around session structure or
service type not fully known. Goalkeeping coaches alluded to a desire to improve physical and
psychological/social understanding to aid in their session design, though collaboration with
specialist support staff was minimally observed throughout the study, meaning Goalkeeping
session design may not be appropriately considered to attend to the holistic needs of the

Goalkeeping position.
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Acknowledging the limited research within the field of Goalkeeping has been addressed,
through insights into the physical demands of Goalkeepers during activities in training and
match-play and understanding current Goalkeeping practice design. Greater collaboration
between Goalkeeping coaches and staffing groups may enhance Goalkeeping performance
through the sharing of information and knowledge whilst attending to and enhancing the design

of practice and recovery modalities in preparation for competitive match-play.
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9.0 Appendices

9.1 Appendix 1: Confirmation of ethical approval (chapters three and four data collection)

L Brownberrie Lane . Horsforth . Leeds . LS18 5HD . UK
Lee.ds Tr":' Ity Tel: +44 (0) 113 283 7100 - Fax: +44 (0) 113 283 7200
U nlve rSIty www.leedstrinity.ac.uk
PRIVATE & CONFIDENTIAL Dr Mark Russell

Chair of SSHS Ethics Committee
Tel: 0113 283 7100 ext 649
E-mail: m.russell@leedstrinity.ac.uk

Date: 12" February 2018

Dear Anthony,

Re: SSHS-2017-071 - Profiling training and match-day demands of professional soccer
goalkeepers

Thank you for your recent application for ethical approval for the above named project.

After reviewing the application it has been resolved that the research project is granted ethical
approval.

| wish you well in your study,

Yours sincerely

Dr Martin Barwood
Vice Chair of School of Social and Health Sciences Ethics Committee
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9.2 Appendix 2: Survey questions

Profiling football Goalkeeper practices throughout a week-long competitive
micro-cycle from the perspective of Goalkeeping coaches

This survey has received ethical approval and the results may be published in a scientific
journal and/or presented at conferences. Your responses will be anonymous.

Please answer the questions below based upon what you consider to be 8(.*+,-%r you/your

team.

1.

What is your Occupation?

Head of Goalkeeping/1¥ Team Goalkeeping Coach
1% Team Assistant Goalkeeping Coach

Head of Academy Goalkeeping

Academy Goalkeeping Coach

Other (please specify)

If other, please add details:

Which of the following would apply to you most?
I am a full-time member of staff

I am a part time member of staff

I run my own Goalkeeping school

Other (please specify)

If other, please add details:

What is the highest standard of football have played?
I have never played football for a team

Amateur

Semi-professional

Professional

International

How long have you worked as a Goalkeeping coach (note, this is in total, not just in
your current role)?

<1 year

1-3 years

3-5 years

5-10 years

> 10 years

What is the highest level of education you receive/have received?
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Secondary education (GCSE)

Secondary education (Sixth form)

Graduate of any higher education (College or University)
Masters

Doctorate

Post-doctorate

None

Other (please specify)

If other, please add details:

6. What is the highest level Goalkeeping-specific education you receive/have received?
(note, this includes current study as well as completed qualifications)

' UEFA A Goalkeeping

I UEFA B Goalkeeping

I Level 2 Goalkeeping

' Level 1 Goalkeeping

I Other (please specify)

If other, please add details:

7. What is the average number of Goalkeepers you work with in a session?

8. What age group do you coach?
I 1% Team

I Development (U18-U23)

I Academy (U9-U16)

' Pre-Academy (U7-U8)

I Other (please specify)

If other, please add details:

9. When designing sessions, who else do you include/consult with? (Tick as many as
required)

I Manager

I Other coaches

I Sports science

I Medical team

I Analysis

' Players

I Other (please specify)
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If other, please add details:

10. What element from the below do you predominantly focus on as a coach?
I Tactical

I Physical

I Psychological

I Technical

I Integrative approach

If integrative, please add details:

11. What element from the below do you feel as a coach you need to develop/have further
input?

I Tactical

I Physical

I Psychological

I Technical

I Other (please specify)

If other, please add details:

12. Using the scale below please indicate on average where you as a coach design the
majority of your sessions?

NOUNCED
f"" \] - REPETITIVE g
GOALKEEPER IS AWARE OF GOALKEEPER IS AWARE OF GOALKEEPER IS UNAWARE OF

BOTH EITHER BOTH

“THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE”

& OR
“THE SERVICE TYPE” “THE SERVICE TYPE”

1 2

“THE PRACTICE STRUCTURE”
&
“THE SERVICE TYPE”

8 9
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13. Using the scale below please indicate your goalkeeping session structure for each part

of your session?

GOALKEEPER IS AWARE OF
BOTH

“THE PRACTICE STRUCTURE"
&
“THE SERVICE TYPE”

I Announced
I Unannounced
I Live

I Announced
I Unannounced
I Live

I Announced
I Unannounced
I Live

I Announced
I Unannounced
I Live

GOALKEEPER IS AWARE OF
EITHER
“THE PRACTICE STRUCTURE”
OR
“THE SERVICE TYPE”

GOALKEEPER IS UNAWARE OF
BOTH
“THE PRACTICE STRUCTURE”
&
“THE SERVICE TYPE”

8

14. Using the scale below please indicate how your session would look for “Part 1” of

your session structure?

GOALKEEPER IS AWARE OF

BOTH
“THE PRACTICE STRUCTURE"
&
“THE SERVICE TYPE”

GOALKEEPER IS AWARE OF
EITHER
“THE PRACTICE STRUCTURE”
OR
“THE SERVICE TYPE”

GOALKEEPER IS UNAWARE OF
BOTH
“THE PRACTICE STRUCTURE”
&
“THE SERVICE TYPE”

8
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15. Using the scale below please indicate how your session would look for “Part 2 of
your session structure?

GOALKEEPER IS AWARE OF GOALKEEPER IS AWARE OF GOALKEEPER IS UNAWARE OF

BOTH EITHER BOTH
“THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE”
& OR &
“THE SERVICE TYPE" “THE SERVICE TYPE" “THE SERVICE TYPE”

1 8 9

16. Using the scale below please indicate how your session would look for “Part 3” of
your session structure?

ANNOUNCEL

GOALKEEPER IS AWARE OF GOALKEEPER IS AWARE OF GOALKEEPER IS UNAWARE OF
BOTH EITHER BOTH
“THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE”
& OR &
“THE SERVICE TYPE” “THE SERVICE TYPE” “THE SERVICE TYPE”

1 8 9

17. Using the scale below please indicate how your session would look for “Part 4 of
your session structure?

GOALKEEPER IS AWARE OF GOALKEEPER IS AWARE OF GOALKEEPER IS UNAWARE OF
BOTH EITHER BOTH
“THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE”
& OR &
“THE SERVICE TYPE” “THE SERVICE TYPE” “THE SERVICE TYPE”

8

18. Using the scale below please indicate in a normal week, how much time would you
spend in the following session structures.

GOALKEEPER IS AWARE OF GOALKEEPER IS AWARE OF GOALKEEPER IS UNAWARE OF
BOTH EITHER BOTH

“THE PRACTICE STRUCTURE" “THE PRACTICE STRUCTURE” “THE PRACTICE STRUCTURE”
& OR &
“THE SERVICE TYPE” “THE SERVICE TYPE” “THE SERVICE TYPE”

8
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18.1 Announced.

I Less than 15 mins

I 15-30 mins

I 30-60 mins

I 60-90 mins

I 90-120 mins

I More than 120 mins

18.2. Unannounced.

I Less than 15 mins

I 15-30 mins

I 30-60 mins

I 60-90 mins

I 90-120 mins

I More than 120 mins

18.3 Live.

I Less than 15 mins

I 15-30 mins

I 30-60 mins

I 60-90 mins

I 90-120 mins

I More than 120 mins

19. What type of session structures would you generally undertake each day in the lead up
to a game. Please assume a 7-day turnaround (i.e., match-day on Saturday, following
match on the next Saturday). Please select the type based on the majority of the
session. (If you don't train please select appropriate option).

19.1 Match Day +1

I Announced

I Unannounced
I Live

I OFF

19.2 Match Day +2

! Announced

I Unannounced
I Live

I OFF

19.3 Match Day +3

Announced
Unannounced
Live

!
!
!
I OFF
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19.4 Match Day -3

! Announced

I Unannounced
I Live

I OFF

19.5 Match Day -2

! Announced

I Unannounced
I Live

I OFF

19.6 Match Day -1

' Announced

' Unannounced

I Live

I OFF

20. What does your training schedule generally look like in the week following a match?
Please assume a 7-day turn around (i.e., match-day on Saturday, following match on
the next Saturday)

&-1,)1%8*+=%24/%C2U%120%%+'%,0/,

%
Day in Day off
Match-Day +1 i O
Match-Day +2 i O
Match-Day +3 O O
Following match-day -3 O O
Following match-day -2 O i
Following match-day -1 O i

21. Which type of field-based training would you generally design in the week following
a match? Please assume a 7-day turn-around (i.e., match-day on Saturday, following
match on the next Saturday). Please leave row blank if this is a day off.

&-1,)1%)/-1+8%,--%8',8%, .-(
%
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Tactical Physical  Psychological Technical  Integrative
Match-Day +1 i i i O O
Match-Day +2 i i i O O
Match-Day +3 O O O O i
Following match-day -3 O O O O i
Following match-day -2 o O O i i
Following match-day -1 O O O i i

22. How long would you generally train for in an isolated Goalkeeping session on the
following days? Please assume a 7-day turn-around (i.e., match-day on the Saturday,
following match on the next Saturday). Please leave row blank if this is a day off.

&-1,)1%8*+=%24/%C2U%120%%+'%,0/,

%
<30 min 30-45 min 45-60 min >60 min
Match-Day +1 m m m O
Match-Day +2 i i i O
Match-Day +3 i O O O
Following match-day -3 O O O i
Following match-day -2 O O i i
Following match-day -1 O O i i

23.1 In your own words define the term "technique".
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23.2 List 3 key "techniques" used in goalkeeping.
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9.3 Appendix 3: Confirmation of ethical approval (chapter five data collection)

0 ® Brownberrie Lane . Horsforth . Leeds . LS18 5HD . UK
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PRIVATE & CONFIDENTIAL Dr Lisa Webster
Anthony White Chair of FSHS Ethics Committee

Tel: 0113 283 7100 ext 636
E-mail: l.webster@leedstrinity.ac.uk

Date: 1 December 2022

Dear Anthony

Re: SSHS\2020\05 Profiling soccer goalkeeper practices throughout a week-long
competitive micro-cycle from the perspective of goalkeeping coaches

Thank you for your recent revisions for ethical approval for the above named project.

After reviewing the application it has been resolved that the research project is granted ethical
approval.

| wish you well in your study

Yours sincerely

Dr Lisa Webster
Chair of Faculty of Social and Health Sciences Research Ethics & Integrity Committee

cc Prof M Russell



