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ABSTRACT

Animportant component in many modern professional football clubs is their academy structure.
Professional football clubs invest substantial amounts of revenue into their academies to discover
and develop potential talents which possess the necessary attributes to succeedin the first teamor
beyond. Oneimportant aspectintalent identification and development (TiD) is the assessment and
monitoring of technical performance. Research investigating technical performance has been
somewhat under-represented compared to other aspects of performance. Inrecent years, modern
technology hasfacilitated the data collection process at the professional level and now there exists
anabundance of datarelating to player and team technical performance. However, despite the
availability of this data at the professional level, this technology has not yet filtered down to most
academy levelsduetofinancialand operational constraints. Traditionally, the playerappraisaland
evaluation processesaresubjectiveinnature, (i.e., attheacademylevel) and are predicatedonthe
subjectiveopinionof coacheswithlittleornoobjectivedatatosupporttheirassessment. The
availability of objective technical datawould provideamoredata-drivenandin-depthassessment to
support subjective coach opinion andin turn aid player development. To date, no ‘gold standard’
method of assessing technical performance in youth footballers has been globally accepted. This
thesis therefore aims to develop a contextually relevant, valid and reliable tool for assessing and
monitoring technical performance in youth football players, which will offer a contribution to the

field to enhance our understanding.

Study 1 (chapter 3) attempts to establish content validity of the Technical Performance
Assessment (TEEM) and provide a framework for tool design. This study aimed to determine what
technical attributes were perceived to be most important for success at the elite level. The study
adopted a qualitative Delphi method whichrequired data collection by means of multiple rounds of
questionnaires. Following eachround, responses from participantswas filtered down, summarised
and presented back. This cycle was repeated until consensus was reached between participants.
Participantsin this study were the most highly qualified and experienced coaches from a Scottish
Premier League academy. The next stage of thisstudy involved designing acontextually relevant tool
basedontheresultsof the Delphiprocessand by adapting and applying various components of

previously developed assessment tools.

Study 2 (chapter 4) involved establishing the measurement properties for tool validation.

This study attempted to establish inter- and intra-observer reliability, test/retest reliability, typical



error (TE)andthesmallest worthwhilechange (SWC). The purpose of thisstudywastotest the
TEEM’sreliability and establish associated measurement error tofacilitate the interpretation of
‘true’ changesin performance. Results revealed moderate to goodreliability in 2 of the 4 selected
key performance indicators (KPls), poorreliability in 2 of the 4 selected KPIs and a wide variation of

reliability strengths in sub-contexts of these KPlIs.

Study 3 (chapter 5) involved establishing criterion-basedvalidity. Thisstudyuseda
correlationanalysis toinvestigate the relationship between performance in the TEEM protocoland
performanceincompetition. Resultsrevealedtrivial-strongcorrelationsinthefourmainKPIswitha

wide range of correlation strengths in the sub-contexts of these KPIs.

Study 4 (chapter 6) aimed to establish the tools sensitivity to longitudinally monitor changes
inperformanceovertimeandexploretheinfluenceof maturationonperformance. Thisstudy
involved measuring performancein the newly developed TEEM over a period of 12 months.
Furthermore, the study compareddifferencesinperformance between playersat different stagesof
biological maturation. Resultsrevealed that the TEEM lacked the sensitivity to identify changesin
performance over a 12-month period. However, results revealed that stage of maturation was a
significant predictor of performanceanddiscriminated between playersat earlier stages of

maturation compared with players at later stages of maturation.

Insummary, the results presented throughout this thesis demonstrate the difficulty and
complexity of monitoring technical performance infootball. Due to the random and unpredictable
nature of thegame, technical performanceisassociated with substantial variation between
observations. The TEEM developed in this study offers one possibility for assessing skill proficiency
which canbe easily applied within an academy environment. Forits ease of application, feasibility
and ability to discriminate between players of stages of maturation, the TEEM offer’s a welcome
additiontoaclub’sassessment protocolwherethereisoftenverylittleornoobjectivedatato
supportcoachopinion, however, thetoolslimitationsmust betakenintoconsiderationpriorto
administration. Inadditiontotheresearch carried out throughout this thesis, individual professional
aims were outlined at the beginning of the process and the journey through which these aims were
achieved is intertwined throughout. The professional doctorate process enabled simultaneous

researcher and practitioner development which was invaluable for professional development.
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Introduction



1. General Introduction

The purpose of any Professional Doctorate programmeis tofacilitate the development of a
researching practitioner through the combination of experiential knowledge, whilst subsequently
developing professional practices and competencies that are essential within an applied
environment (Fulton et al, 2012). The Professional Doctorate programme should induce a deeper
analysisof anindividual’s current professional competencies that in turn provides a structured and
detailed professional development plan, whilst simultaneously presenting relevant questions specific
tothe practitioner’sresearch area. The structure of the Professional Doctorate programme can be
splitinto twodistinct learning outcomes: researcher development and professional development.
Therefore, theremainder of thisintroduction will outline the aimsand objectives from botha

research and a professional perspective.

1.2. Research Background

Modern football has experienced an exponential surge in the growth of sports science research
aimedatenhancingsporting performance over the previous twodecades (Drust, 2019).
Consequently, this has contributed to the evolution of performance over a prolonged period (Barnes
etal, 2014). Whilst, thefield of sportsscience encompasses awide variety of disciplines, asignificant
proportion of the research has focussed on athletic development and the monitoring of training and
competition status (Drust, 2019). The generation and application of this research has undoubtedly
made asignificant and positive contribution to the development of professional football, however,
there remains many important aspects of performance that are unexplored (Kirkendall, 2020). One
of these aspects, which is underrepresented within the scientific literature, is technical performance
and how itinfluences match success (Ali, 2011). Of the new and existing research available on the
roleoftechnical proficiencyinperformance, ithasbeendemonstratedthatsuperiortechnical
performanceisassociatedwithoverallteamsuccess (Rampininietal, 2009, Filettietal,2017).
Rampininietal (2009) reported that ‘more successful’ teams completed a higher number of passes,
successful passes and shots on target compared with ‘less successful’ teams as determined by their
leagueranking. Furthermore, Filettietal (2017) reportedanincreased probability of winning (125%)
inteamswhich performed betterin askill efficiency index composed of various aspects of technical

performance. Considering these findings, one would suggest that the development and monitoring



of technical performance should beacritical element withinboth anelite level and youth

development trainingstructure.

Theadvancement of modern technology and its application within professional football has
made in-depth analysis of technical performance commercially available and isnow commonplace
throughout many levels of world football (Filetti et al, 2017). Despite these technological
advancementswithintheprofessional game, availabilityisrestrictedtomostyouthacademy
structures due to associated limitations such as financial restrictions, feasibility of technology
applicationandoperational contraints. Consequently, thereremains alack of objective technical
performancedatatoaidthedevelopment processwithinyouthdevelopment. Traditionally,
performance appraisal within an academy setting has relied on subjective coach opinion
(Sieghartsleitneretal, 2019). Whilst thisinformation and tacit knowledge is valuable, issues around
validity and reliability have been identified within the existing research suggesting that objective
dataisanecessary supplementary component of the subjective appraisal process (Bergkamp et al,
2018; Johannson & Fahlen, 2017; Sieghartsleitneretal, 2019). Oneof the mainlimitations to
subjective player appraisal by coaching staff is coaches seem to have pre-conceived beliefs and
(un)conscious biases towards what they perceive as ‘talent’ and rarely rely on generally accepted
talentmodelsresultinginhighvariabilitybetweenobservers (Johansson & Fahlen,2017).One
exampleofselectionbiaswhichisparticularly prevalent withinyouthfootball, andaresult of
subjective coachassessment, ismaturationselectionbias (Hilletal, 2019). The concept of
maturation selection biasis characterised by the selection of ‘early maturing’ players who possess
superior motorskillsand physical competencies, which aredeveloped through the process of
advancedbiologicalmaturation, aheadof their ‘later’ maturing peersatearlierstagesintheir
physical development (Towlson et al, 2017). Players who showcase the best physical attributesin
relation to their chronological age group during competition, are often perceived by coaches to be
better performers than their later maturing counterparts due to the positive impact these players
haveon the overall performance of the team and subsequently results (Hill & Sortiriadou, 2016). The
consequence of this type of selection based on physical attributes is perhaps reflected in the study
by Ostojic et al (2014) who longitudinally monitored a cohort of 14-year-old youth footballers over
an 8-year periodthroughtoadulthood. Ostojicetal (2014) reported that when the adult level
attained by theseyouth football playerswasassessed and categorised aseither ‘elite’ (top5
Europeanleagues) or ‘non-elite’, later maturing players represented 60. 1% of the players competing
at theelite level compared with just 11.8% being represented by early maturing players. Results of
this study support the premise that the presence of maturation selection bias at youth level could

potentially elicit far reaching consequences if ‘late’ maturing players who are also relatively younger,
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are overlooked and deselected from an academy programme and subsequently ‘slip through the
net’ afterbeing given insufficient time to develop. Therefore, objective feedback relating to the
current (on-time), biological age-matched performance level of youth players provides valuable
information for identifying later maturing players who are technically and tactically competent
which willin turn will provide more comprehensive information to support subjective coach opinion
and the decision-making process during selection/de-selection. In addition to this quantitative
performance measure, objective technical performance datacould provide additional contextual
informationregardingthelongitudinal development of performance, throughmonitoringand
establishment of benchmark data for the purpose of TID. The question remains as to which method

of assessment/analysisismostaccurate, feasibleandcost effectivewithinanacademyenvironment.

Previousresearchin the field of technical performance assessment and monitoring within
youth footballers has focussed around three main methodological constructs: (1) ‘closed skill’
isolated performance tests, (2) measurement within competition, and (3) measurement within
small-sided game protocols (Bergkamp et al, 2019). However, many of the research studies involved
in the development of such protocols often fail to report essential measurement properties that
relate toreliability and validity (Bergkamp et al, 2019; Robertson, 2017). Therefore, itisessential
that any technical performance assessment tool developed for use within a practical setting has
withstoodthescientificscrutinyof establishingtheappropriate measurementpropertiesand
adhered to the necessary framework for developing new measurement tools (Brewer et al, 2002).

Thisin turnwill ensure the validity and reliability of results during dissemination.

1.3. Research Aims and Objectives

The research aims and objectives of this thesis are as follows:

1. Todesignanddevelop a contextually relevant assessment protocol for assessing and
monitoring technical performance in youth footballers.

2. Toestablishthereliability of the newly developed assessment tool. This will consist of three
subsequent parts: establishing inter- and intra-observer reliability; establishing test/retest
reliabilityand establishing associated measurement error and smallest worthwhile change

for longitudinal monitoring.
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3. Toestablishcriterion-basedvalidity of the newly developed measurement tool. Thiswill
explore the relationship between test performance in the newly developed assessment
protocol and competition performance

4. Toestablish the assessment protocols responsiveness/sensitivity tochange over time. This
represents akey stageintest development for monitoring change intechnical performance
overtime. Asecondary objective for this section of the thesiswillbe toinvestigate the effect

of biological maturation on technical performance.

1.4. Professional Background

Enrolment onto the Professional Doctorate in Applied Sport and Exercise Sciences (DSPORTEXSci) at
Liverpool John Moores University (LJMU)occurred at the early stages of my professional career. Iwas
fortunatetobeinvolvedinprofessionalyouthandseniorfootballsincetheonsetof mymaster’s
degree study and began my practitioner journey as a volunteer coach with my current employer.
Since then, my career has followed a natural upward trajectory as depicted in Figure 1. This natural
progression culminated in a full-time role as the Academy Head of Football Science and Medicine
and facilitated my development as a practitioner due to the multi-disciplinary nature of therole. At
thisstageinmyorganisation’s development, Iwas the first sports science practitionertobe
employed by the club at the academy level. Thisin turn, provided me with the autonomy to design
andimplement a sports science curriculum which previously did not exist. For this|am grateful, as
theknowledgel acquired fromthis processsignificantly broadened my understanding of the
complexities of the holistic long-term development of young footballers. During the ongoing process
of curriculum design and refinement, enrolment on the DSPORTEXSci was motivated by aresearch
question presented to me by my Academy Manager, which l ultimately intend to answer within this
thesis. |amoptimistic that the knowledge gained, and professional competencies developed from
the professional doctorate process will benefit both my organisation and me as an applied

practitioner in the field of sport and exercise science.

1.5. Professional Aims and Objectives

One of the main benefits of this professional doctorate process is the simultaneous development of
relevant professionalcompetenciesanddoctoral levelresearchskills. Prior to the commencement of

the research process, animportant step is to conduct a reflective self-evaluation of researcher,
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professional and behavioural competencies (Boud, 1995). Identification of individual strengths and

weaknesses will facilitate the formation of professional aims and objectives to be achieved during

the professional doctorate process. Toengageinthe process of self -evaluation, | utilised recognised

and relevant industry tools: Vitae Researcher Development Framework (2005); the British

Association of Sport and Exercise Scientist (BASES) Competency Profile and a Behavioural Profile

Report (PDAInternational, 2004). Details of the full process canbe foundinthe Training Plan

(8004SPOSCI) illustrated in Appendix 1.

Completion of these processes highlighted the following areas for development:

1. Todevelop my research and technical skills

2. Toimprove mycommunication (specifically public speaking)and dissemination of

information for various audiences

3. Toimprovemyself-evaluationandcriticalreflectionskillstohighlightareasforcontinued

professional development.

Inaddition to these main areas for development, | aim to achieve the following professional

objectives:

1. Todeveloptransferable knowledge, conceptsand processes that canbe utilisedinother

contexts

13



Topractically apply knowledge andinsights formulated fromthe processintomyclub’s
curriculum to aid player development

To engage in regular public speaking to disseminate research findings

To develop my ability to manage and complete multiple simultaneous projects
Todevelop along-term professional development process through continued reading and

engagement in continued professional development (CPD) events.
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Review



2. Literature Review

2.1 Introduction

Scientificresearchwithinfootballhasexperiencedasignificant explosioninrecent decades
(Kirkendall, 2020). An exponential increase in the volume of research available to practitioners,
coachesandplayershascontributedtoincreasedphysical and technical demands of modern
football (Barnes et al, 2014). Research investigating facets of physical performance and its
application to training and monitoring has dominated the literature, with the physical demands of
performance beingwelldocumented (Reilly & Gilbourne, 2003). Incomparison, only asmall
proportionofscientificresearchhasinvestigated the complexand multi-factorialaspects of
technical performance (Ali, 2011). This issomewhat surprising given the significance of technical
performanceinelite level football (Rampinini et al, 2009; Filettietal, 2017). Barnesetal’s (2014)
longitudinal study spanning seven consecutive seasons in the English Premier League reported that
players now perform 40% more passes, with the percentage of players with a pass completion rate
of below 70%dropping from26%in 2006-07 to just 9%in2012-13. Furthermore, Dellaletal (2011)
compared technical performance between two top European leagues and suggested that players
shouldpossessaminimum passcompletionrateof 70%inordertomeet the technicaldemands of
their competitive standard. It should however be noted however that both studies lacked supporting
contextualdata (suchasposition-specificdemandsorbehaviouralhabits)associatedwiththe
chosen key performance indicators, which may provide a deeper analysis of the technical

performance demands (Yi et al, 2018).

Thismarked improvementintechnical quality observed overanextended period
highlightstheimportance of technical performance, whichinturnemphasises theincreased
requirement for technical proficiency. Clemente etal (2019) observed that running performance at
various speeds did not differentiate between teams when classified in terms of their final season
ranking in the Spanish top division, La Liga. Furthermore, DiSalvo et al (2009) observed a superior
high intensity activity output from bottom ranked teams compared with top ranking teamsin the
EnglishPremierLeague (919vs. 885matvelocities>19.8km/hrespectively). Together, results
presented in these studies suggest that physical performance may not play such a dominant role in
discriminating betweensuccessfuland unsuccessful teams. Itisclearthatplayerscompetinginthese
top domestic leagues should possess a high level of physical attributes in order to meet the demands
of the modern game (Barnes et al, 2014), however, it is clear that other components of
performance, such as technical performance could explain the disparity between successful and
unsuccessful teams. For example, Rampininietal’s (2009) study of 416 elite level Italian football

matches found that more ‘successful teams’, as judged by their final league rankings, completed:
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moreshortpasses; moresuccessfulshort passes; dribbles; shots; shotsontargetandhadmore
involvements with the ball than unsuccessful teams. In addition, acomparison between the best
foreignand domestic playersin the Chinese Super League reported that successful forward passes
andshotsuccesswerediscriminating factors, whereasnodifferencesin physical performancewere
observed (Gai et al., 2019).

The summary of research presented here provides a foundation for further emphasis on
the promotion of technical focussed training during player development. Insupport, Castillo et al
(2018) and Matinez-Santos et al (2016) demonstrated that physical performance capabilities did not
determine promotion from the last stage of academy player development (U19) to professional elite
footballin the Spanish Top Division over an 18-year period, with the exception of players playing the
centre back position, where neuromuscular (speed and jump) performance was observed to be a
competitiveadvantage. Therefore, consistent withthe previouslymentionedresearchregardingthe
lack of prognostic power of physical attributes for determining successinelite level football, these
studiescontributetotheformationofastrongerargumentsupportingagreateremphasisonthe

technical development.

One possible reason for the comparatively smaller volume of research studies
investigating technical performance, especially withinanacademy environment, is that technical
performanceisdifficult toassessduetoitshighly complexnature. Consequently, evenwitha
number of developed measurement tools within previous researchsuch as the Loughborough
Passing Test (McDermott etal, 2015) and the Game Performance Assessment Instrument (Oslin et
al, 1998), methodologicalconcernsidentifiedwithinthesestudieswhichrelatetotheestablishment
of appropriate validity and reliability measurement properties limit their applicationinafootball
academyenvironment (Bergkampetal, 2019). Thegenerationandavailabilityof technicalobjective
datafortalentdevelopment purposesremains limited until thesuccessful development of a
measurement tool that withstands the scrutiny of methodological validation. Due to the significant
importanceoftechnical performanceinmodernelite level football, theauthor suggests that further
investigation into the development of a new valid and reliable assessment protocol could provide
invaluableobjective data, whichwillaid player development. The following section willreview the

current literature surrounding the measurement of technical performance.

2.2 CurrentLiterature Investigating the Measurement of Technical Performancein Football
Association Football is the most popular sportinthe world and attracts global media attention (FIFA,
2018). Many young players aspire to be elite professionals and compete with the world’s top teams.

Similarly, theworld’stopteamsaspiretodevelop thebestyoungtalentthroughtheiracademy
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systemstocompeteontheinternationalstage (EuropeanClubAssociation, 2018). Clubsinvest
substantially instaff and infrastructure to create the highest quality environments for developing
talent. If clubs can develop and maintain strong academy structures and practices, talent
development can be a profitable business model capable of generating substantial income, making
academy systems fully self-sustainable (KPMG, 2020). The process of talent development is highly
complexand multifactorial and can be separated into two distinct processes - talent identification
andtalentdevelopment (Vaeyensetal, 2008). Inrecentyears, therehasbeengrowinginterest
within the scientific community in developing new research to aid the identification and
development process, suchas the design of foot-mountedinertialmeasurement systemsfor
trackingtechnicaland physical actionsduring training and competition (Waldronetal, 2020). Within
the existing scientific literature, itisimportant todistinguish the nuances betweenthe two
processes as they both involve different methodological constructs. From this point onwards, talent
identificationwillbedefined as “the process of recognising current participantswith thepotential to
excel in a particular sport” and talent development will be defined as “providing the most
appropriate learning environment to realise this potential” (Vaeyens et al, 2008, p703). Recently,
the need for longitudinal study designs within the context of TID have been highlighted (Lehyr et al,
2018; Sieghartsleitheretal, 2019). Furthermore, recentresearchteamshave highlighted the
requirement for developing appropriate assessment protocols that better reflect competition
performanceandhavebetter prognostic capabilitiesforlong termplayer development (Bergkamp et
al, 2019). Researchinvestigating the assessment of technical skill proficiencyin sports performance
hasbeen evidentin literature for decades (Oslinet al, 1998; Grehaigne, 1997). Research teams have
used various methods to pioneer tools used for the assessment of technical performance, whichare
applicable tooneormoresports. Whenselecting a performance test for assessing technical
performance, practitioners should understand the strengths and limitations of the two main types of

protocols commonly utilised within the scientific research.

One frequently used method of assessing technical performance is through the use of

‘closed skill’ assessment protocols (Lehyretal 2018; Zuber et al, 2016). ‘Closed Skill’ protocols
involve the execution of aspecific football action (suchas passing, dribbling, shooting etc.) under
test conditions that measure skillaccuracy and/or speed of execution. These tests are typically
isolated from the competition context and performed as an individual. Two of the most common
protocols used within original research articles are the General Soccer Ability Skills Test (Mor &
Christian, 1979)andthe LoughboroughPassingand Shooting Tests (Alietal, 2007). Bothtests
primarily assess aspects of football specific technical performance by isolating a specific part of it

(i.e., passing or dribbling) and design specific test parameters to measure accuracy and speed of
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execution. Overalltestperformanceismeasuredbycompletionofthetaskinaslittletimeas
possible with alow number of errors. Previous research has demonstrated that these assessment
toolsare capable of successfully discriminating between eliteand non-elite players (Borgesetal,
2017; Huijgenetal, 2013; Kelleretal, 2016; McDermottet al, 2015), and longitudinal tracking of
changes in performance capabilities (Lehyr et al, 2018; Zuber et al, 2016), however they lack

criterion-based validity (Roberts et al, 2019; Rubajczyk & Rokita, 2015).

Ina position paper by Bergkamp et al (2019), asignificant methodological issue
identified within the existing body of research relates to the ‘fidelity’ of the predictors of
performance. The fidelity of specific assessment protocols designed for measuring performance is
defined as “the extent to which the performance task mimics the criterion behaviour in content and
context” (Bergkamp et al, 2019 p. 1327). Based on this analysis, Bergkamp et al (2019) proposed a
scale on which performance assessments are rated between low and high fidelity, where high(est)
fidelity relates closely to the criterion method (in the case of technical performance assessment -
competition performance). One major limitation of tests that assess skillina ‘closed’ situation is
their context in relation to actual game performance (low fidelity). Technical performance in football
isdescribed as a process which requires communication with surroundings (information gathering),
decision making (what to do) and the execution of a skill (Praca et al, 2015). By isolating a specific
skill during such a test, the external focus of attentionis removed, thereby eliminating one of the
vital components required during competitive matchplay. Forexample, Pracaetal (2015) reported
thatBrazilianyouthfootball playersperformancein ‘closedskill’ testscorrelated poorlywith
performanceinsmall-sidedgames (ICC=-0.252-0.367). Furthermore, Rubajczyk and Rokita (2015)
reported aweakcorrelation (ICC=-0.325- 0.452) between performance in soccer specific testsand
performanceinasmall-sided gamesituation. In the study by Praca et al (2015), the General Soccer
Skill Ability Test was used as the method of technical performance assessment. This testinvolves the
footballactionsofdribbling, passingandshooting. Fordribbling performanceassessment, the
participantisrequired todribble the ball through a pre-determined track as fast as possible. Inthe
assessment of passing and shooting, participants are required to accurately pass or shoot the ball at
targetswithinanallocated timeframe. Similar to the dribbling test utilised by Praca et al (2015),
Rubajczyk and Rokita (2015) adopted a similar ‘soccer specific’ skill assessment which included a
dribblingtest withaturnandhadtobe completedasfastaspossiblewithminimalerrors. Both
studies concluded that disparity exists between performanceina ‘closed skill’ technical test and
performancein actual match play and that the perceptual and cognitive demands of competition
require both internal and external focus for successful skill execution. Therefore, practitioners

shouldexercisecautionwhendecidingtoincludesuchatestwithinatestbatteryduetovalidity
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concerns and additional time commitments required to carry out a high number of assessmentsin
anacademy environment. The time commitments required toadminister such a test battery should
beevaluatedagainstthevalueof theinformationgained. Inconclusion, itispertinent thatthe
developmentandutilisationof anappropriateassessmenttoolthat closerreplicatesmatch

performance would provide more valuable information to coaches, practitioners and players.

As research investigating the measurement of technical performance in football has
evolved over time, the use of ‘game-related’ assessment protocols (high fidelity) have gained more
interestwithintheliterature. Thismethodof assessmentinvolvestheassessmentof technical
performancewithinagame-likescenarioorwithincompetitionitself. Theconceptofassessing
technical performancewithingamecontexthasbeenpreviouslyinvestigatedinearlierresearch. Two
of the earliest models were developed by Oslin et al. (1998) and Grehaigne (1997) and were named
the Game Performance Assessment Instrument (GPAI) and the Team Sport Assessment Procedure
(TSAP). The GPAI and TSAP both adopted an observation and hand notation system through
performance analysis to assess game performance inreal time. Oslin et al (1998) reported that the
GPAIl candiscriminate between high- and low-level performers (ES=0.23-1.93) and both studies
demonstratedacceptablelevelsofintra-andinter-observerreliability (ICC=0.73-0.97).One
limitationapparentinbothstudieslieswithinitsapplicability to ‘elite’ orprofessional levelfootball.
The coding system developed in these studies was taken from the perspective of general team sport
games. Itispossible that thisreduces the value of theinformation presentedin the context of
specificfootball performance. Forexample, bothstudiesreport the successrate of technicalactions
(suchaspassing), however, there is no context to provide a more detailed analysis (such as direction
of pass, whereonthefield, andlength of pass), whichis of great significance when analysing

technical performance at the elite level, especially in the case of talent development.

Another limitationtoboth thesestudies (Grehaigne, 1997; Oslinetal, 1998)isthe
observation system employed within the research methods. Both studies rely on the successful and
accuraterecording of key performance indicators by observers using the naked eyeinreal time. Itis
possible that due to this observation method, actions may be missed or incorrectly interpreted due
tothesubjective nature of the coding process (Memmert & Harvey, 2008). Jamesetal (2005)
identifyvarious potential sources of measurement error. These sources of errorinclude events that
arecodedincorrectly due tocoding mistakes made by the observer orambiguous operational
definitions; issues with player identification if the observerisunfamiliar with test participants and
events that are missed in the coding process. Furthermore, afurther example in the case of the GPAI
isthateachobserverisinstructedtoobserveaplayerfora10-minuteperiodduringasmall-sided

game situation and manually record the number of decisions made, skill executions and supporting
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movements. Itis possible that actionsrecorded during this short time perioddonot provide a
completereflectionof player behaviour as 10 minutesin the context of afullmatch could be
consideredonlyasmallcross-sectional snapshot. Several steps can betaken to minimise the
potential risk of measurement error such as video capture for subsequent analysis; however, it is
impossible, if not, extremely difficult to eradicate it entirely. In light of this, it is of critical importance
that practitionersestablishany measurement errorassociatedwiththeselected performancetestto

allow for meaningful changes in performance to be identified (Robertson et al, 2014).

Following the work of Oslin et al (1998), more recent studies adopted the
methodological approach of video recording small-sided and competitive games for subsequent
codingand analysis (Cobbetal, 2018; Clemente, 2014; Garcia-Lopezetal, 2013; Moreiraetal, 2017;
Walron & Worsfold, 2010). Video recording games and analysing post-event drastically reduces the
potential forhuman error compared with recording datainreal-time. Despite this, thereareseveral
common limitations evident that need to be considered. Firstly, these studies were designed for
talent identification and report successful differentiation between elite and non-elite players,
therefore do not take into consideration the use of the tools for talent development. Although this
may not have beentheaimof thestudiesinquestion, theassessmenttoolsdevelopedmayhave
morepracticalrelevanceif they had the power to longitudinally track player performance over time.
Cross-sectional study designs areacommon theme throughout the literature, anditisapparent that
futureresearchisrequiredinto the development of an assessment tool for performance monitoring.
Secondly, nostudy performed test/retest analysis to assess reliability and variance in performance
betweentwoassessment procedures. Due to this limitation, itisdifficult to say withconfidence that
the assessment tools provide areliable dataset. Thirdly, withinthe previousresearch studies there
isawide variety of coding procedures implemented which range from a general, simplistic team

sports system to complex, football specific systems.

Moreover, only Gracia-Lopezetal (2013) attempted toestablish content validity for the
development of their coding framework by seeking the opinion of physical education teachers and
coaches. Despite thein-depthcoding framework developedby Garcia-Lopezetal (2013), itstilllacks
contextualinformationaround the technical actions being assessed, which has beenidentifiedasan
important aspect of technical performance (MacKenzie & Cushion, 2013). For example, Garcia-Lopez
etal (2013) code pass completion success rate but do not take into consideration where on the field
the passwas played fromorwhat directionthe passwas played. Therefore, itis possible thata
player has a high pass completion rate but habitually opts for ‘safe’ passes as opposed to
penetrating passes. Thisisacommon limitation to the coding frameworks developed in previous

technicalassessment tools. Lastly, reporting the technical actionsasapercentage of successresults
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ingreatervariability between trials due tothe unpredictable nature of teamsports, especially when
the number of technical actions are low (Memmert & Harvey, 2008). Memmert and Harvey (2008)
suggest that amethod to overcome this issue is toimplement a ‘performance index’ equation which
demonstrates less variation between performances. The performance indices suggested by
MemmertandHarvey (2008)canbe used tominimisevariationinperformancescoresduetothe
influenceonesuccessfulorunsuccessfulskillexecutionhasontheoverallperformancescorein
‘percentage success’ methodyvs. the ‘performance index’ method (Memmert & Harvey, 2008). For
example, inusing the hypothetical situation whereby player Acompletes 3 out of 4 passes vs. player
Bwhocompletes2 out of 4 passes, the corresponding performance score for passing using the
‘percentagesuccess’ methodwouldbedeterminedas75%and50%respectively. Theargument
being presented by the author of this thesis is, can we be confident that player Ais 25% more
efficientinskill execution compared with player Bwith adifference of just one pass? When adopting
the performance index model proposed by Memmert & Harvey (2008) and using the same
hypothetical example outlined above, the corresponding performance scores would be 54.2 and 50
respectivelyandthereforetheassociatedvariationisof alesser magnitudeandconsequently

reflects our confidence in the true difference in performance.

After considering the strengths and limitations withinthe previous research presented
inthis section, the author suggests that by manipulating the parameters of previously developed
assessment tools and combining the best aspects of each, future research should investigate the
developmentof anew, validandreliable, football-specificassessment tool with ‘highfidelity’, so
thatit provides contextual performance datathat canbe effectivelyimplementedand practically

applied in an academy environment.

2.3 Development of New Measurement Tools

Footballis an unpredictable sport with technical and physical actions occurring randomly as game
play develops. Thisunpredictable nature means that assessing the performance characteristics of
playersbecomesdifficult due tothemulti-factorial determinantsof performance (Hughes & Bartlett,
2002). Only recently has there been an increased emphasis on the provision of scientific process to
aid the development of technical performance. Methodological limitations to existing research
designs mean that no ‘gold standard’ instrument for assessing technical performance have been
accepted toaid the coaching process (Robertson et al, 2014). The scientific literature describes a
multitude of instruments and methodologies utilised for the assessment of technical performancein
football (e.g. Borgesetal, 2017; Moreiraetal, 2017; Waldron & Worsfold, 2010). Afterreviewing the
variousinstrumentsadoptedordesigned throughout thescientificliterature, twoconsistent

limitations become apparent. Firstly, most research studies adopt a cross-sectional study design
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whichtakea ‘snapshot’ of performanceinagivenmoment. Very fewresearchstudies have
implementeda longitudinal study design which facilitates the development of performancerather
thanassessesitatone particulartime point. Secondly, asignificantnumberofresearchteams
demonstrate little or no evidence of appropriate methodological components of the scientific
processrequiredfordesigningandvalidatingnewtestsorassessments (Brewer & Jones, 2002;
Robertson et al, 2017). Hughes et al (2002) reported that 47 of 67 research studies investigating
notational analysis for performance assessment did not demonstrate evidence of the necessary
reliabilityandvalidity testsrequiredtovalidateameasurementtoolinscientificresearch. Untilthe
rigorousprocessofvalidationisconductedonanygivenobservationormeasurementtool, the

application of such a tool within future research should be approached with caution.

Whendesigningorselecting performance testsforapplicationwithinsportsscience,
Robertson et al (2017) demonstrated the measurement properties that are considered as being of
criticalimportance. These properties, asinterpreted by a panel of experts within the field of sports
science,canbeseeninfigure2. Itshouldbenotedthat the development of testsforscientific
enquiry within the field of sports science should follow the same systematic process for developing
validandreliable tools as in any other scientific discipline. Brewer and Jones (2002) proposed a 5-
stage process for establishing contextually valid observation tools for assessing performance. The
first stage proposed by Brewerand Jones (2002) involvesobserver training usingapreviously
designed tool as aframework. The purpose of this stage is to familiarise observers with the analysis
processwhichwillsubsequentlyenhancereliability. Thesecondstageof theprocessinvolves
amendingan existinginstrument tothe context of theintendedenvironment (e.g., withina
professionalfootballacademy). Akey stage during this processis developing operational definitions
forkey performance indicators used within the analysis. This process establishes content validity.
Stage 3involves establishing face validity within the instrument by determining whether the test
measures what it is perceived to measure. For example, does the test correlate with the
performance variable weintend to measure? Finally, stages four and five involve establishing inter-
andintra-observerreliability. Asummary of operational definitions for the measurement properties
previously mentioned within this paragraph and to be addressed throughout the remainder of this
thesiscanbeseenintable 1. Whenreviewing the 5-stage model proposed by Brewer and Jones
(2002) and the significant measurement properties outlined by Robertson et al (2017), there appears
to be several nuances between the stages. Therefore, it could be suggested that by incorporating
additional stages, suchasre-test reliability and testing sensitivity, the robustness of any tool design

could be further enhanced.
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From a talent development perspective, the importance of developing valid and reliable
tools for evaluating and monitoring technical performance is well recognised amongst coaches and
practitioners (Aquino etal, 2017). The availability of objective data to provide more information on
player attributes can only be seen as a positive reinforcement to aid the decision-making process
around player retention or the refinement of individual player learning objectives. As previously
highlighted, numerous methods of developing tools for assessing technical performance have been
utilised. Themethodological processesof selectedresearchstudiescanbeseenintable2. The
research studies presented within table 2 were selected as they were empirical based models that
could be adopted as a potential framework for developing a new assessment protocol as identified
instage 1byBrewerandJones (2012). Fromtable2, itisclearthatallstudiesreport methodsof
interandintra-observerreliabilitymeasures. However, asignificantlimitationtothesestudiesisthe
absenceof test/re-test measures. Of the sixstudiesselected, onlytwoemploytest/ re-test
measures. When utilising observation tools for talent development, itisimperative that the smallest
worthwhile change and the test sensitivity tochangeisidentified. Interms of validity measures, four
of thesixstudiesselectedincorporated content validity measures. Furthermore, the determination
ofassociatedtestvariation, specificallywithin-subjectvariation, and the magnitude of thisvariation
will enable practitioners to see through the ‘noise’. With this mind, an appropriate measurement
property for establishing within-subject variationis typical error (TE). Swintonetal (2018) describe
the typical error as the ‘standard deviation for repeated tests’ and is necessary during test/retest
measurements. Establishing content validity ensures thekey performanceindicatorsusedwithinthe
measurementtoolarecontextuallyrelevant (James, 2006). Contextuallyrelevantcontentis
important as it ensures the measurement tool is generating meaningful and important data which is
comparable to the criterion. For example, is the number of backward passes completed an
appropriate key performance indicator to assess when 5 out of 5 highly experienced and qualified
coachesdonotperceivethisactionasbeingimportantorevenrelevant? Threeof thesixstudies
reported measures of discriminant validity which measures “the extent towhich results froma test
relatetoresultsonanother testwhichmeasuresadifferentconstruct (i.e., theability todiscriminate
betweendissimilar constructs)” (Robertsonetal, 2017, p.6). From the studies reviewed, itisclear
that all design attempts have theirindividual strengths and limitations and collectively, the work
done here provides a solid foundation upon which future design attempts can be further developed.
It should be mentioned however, that the context in which the assessment tool is used will
determinetheextenttowhichmethodologicalrobustnessisrequired. Fromthe perspective of

talent development within a professional football academy, where decisions are made based on the
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Table 1. Table 1 shows the operational definitions for the measurement properties discussed in this

andsubsequentchaptersinthisthesis. Alldefinitionswere citied fromRobertsonetal (2014)

MEASUREMENT PROPERTY OPERTATIONAL DEFINITION
Reliability
Test-Retest Reliability Theconsistency of performer(s) scoring over repeated rounds
of testing.
Intra/Inter-Observer Reliability Inter-observer: level of agreement between scoring/assessing

when undertaken by two or more observers

Intra-observer: defined as the agreement among two or more
trials administered or scored by the same observer
Validity

Content Validity How wellaspecific test measures what itintends to measure.
Dotheitemsincludedinthetestcovertheentiretyofthose
relevanttoassessingaparticularskilloutcome measure?

Criterion-Related Validity Theabilityof atesttoshow goodagreementwithanexternal
measure of performance
Discriminant Validity Theability of the test todiscriminate between performers of

different abilities

Generalisability The extent to which the results can be transferred and used
in other contexts

Responsiveness (sensitivity to Theability of atest todetect worthwhileand ‘real’ skill
change) improvementsinitsintendedpopulationbetweeninitial bout
of testing and subsequent rounds
Smallest Worthwhile Change Informationrelatingtothesmallest meaningfulchangein

(SWC) performance

perceptionof playerplayingability, itisof criticalimportance thatinformationgenerated fromany

assessment tool is precise due to the highly competitive nature of ‘elite’ level academy football.

Insummary, work completed by the various research teams previously highlighted
should not be discredited but used as a framework to guide the development of any future models.
By taking a concept from an existing model and further enhancing the robustness of its

methodological processes, we can contribute to the continually growing body of researchinthearea
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of technical performance assessment within football. Ultimately, this will help provide

supplementary, objective datato assist the coaching and decision-making process.

LEVEL 1 LEVEL 2

[[] Re-test reliability [] Stability
[] Intra-rater reliability [1 Internal consistency
[C] Inter-rater reliability

VALIDITY VALIDITY

["] Content ["] Convergent
["] Discriminant [] Concurrent
- | O Predictive
| aeseonsveness  f  RESPONSIVENESS
[ Responsiveness / sensitivity || [] Floor & ceiling effects

[1 Minimum important difference /
smallest worthwhile change

FEASIBILITY FEASIBILITY

[] Interpretability [] Scoring complexity
[C] Familiarity required ] Completion complexity
[C] Duration | | ] Cost

Figure 2. The measurement propertiesregardedasimportantwhendesigningorselectinga
performancetestwithinsportsscienceasdeterminedbyapanelofexpertsinthefield. Level1
propertiesrefer toitemswhichshould berequiredforall performance tests. Level 2 propertiesrefer
toitemswhichshouldbeconsidered dependingonthe contextof application (Robertsonetal,
2017).

2.4 TheUseof Performance AnalysisinFootballanditsRelevanceinPerformance
Assessment

Performance analysis in football has become a fundamental component in top level performance
and player development (Carling et al, 2005). Performance analysis has been widely accepted by
coaches, playersandsportsscience practitionersasamethodof providing factual, objective
feedback to support the dissemination of player and team performance. It iscommonplace within
the sportinso that clubs invest and develop full-time performance analysis departments toimprove
player performance to gain a competitive advantage over their opponents (Carling et al, 2005).
Furthermore, recenttimeshaveseentheemergence ofacademycategorystatus (e.g., ElitePlayer
PerformancePlan-EnglishFA; Project Brave-ScottishFA), wherebyminimumstandardsare

required toachieve accreditation. Performance analysis represents one aspect of performance
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Table 2. Asummary of reported measurement properties within aselection of studies which

represent potential frameworks for the development of anew observational tool.

Study Test/ Intra- Inter- Content  Discriminant Responsiveness/ Smallest Interpretability Familiarity ~ Duration
retest Observer ~ Observer Validity Validity Sensitivity Worthwhile Required
Reliability ~ Reliability ~ Reliability Change

Oslin YES NO YES YES YES NO NO NO YES YES
(1998)

Grehaigne YES NO YES YES YES NO NO NO YES YES
(1997)

Garcia- NO YES YES YES YES NO NO NO YES YES
Lopez et
al (2013)

Waldron NO YES YES NO NO NO NO NO YES YES
&
Worsfold
(2010)

Moreira NO YES YES YES NO NO NO NO YES YES
etal
(2017)

Cobb et al NO YES YES YES YES NO NO YES YES YES
(2018)

whichis an essential requirement for accreditation, and in turn highlights the importance of this
growing role within sport. Performance analysis is a dynamic discipline which can encompass a
creative element in the way performance data is analysed and presented. For example, inateam
context, match analysis can provide a detailed analysis of anopponent’s tactics and playing style
which cansubsequently influence the structure of a training week in the lead up to the game. From
anindividual player perspective, performance analysis can provide a detailed breakdown of skill

successvianotationalanalysisorareview of aplayer’spositional habitstoaiddevelopment.

Recently there hasbeenaninterestin the utilisation of performance analysis for the
purposesof TID (VanMaarseveenetal,2017; Thomasetal, 2009; Waldron & Worsfold, 2010).
Traditionally, player feedbackwithinayouthacademyenvironmenthascentredaround the
subjective opinion of academy coaches based on observationwith noor little objective evidence to
supporttheirplayerappraisal (Nicholls & Worsfold, 2016). Thissubjective method of player
appraisalincreases the risk of bias towards level of player performance, which canbe susceptible to
judgement based on individual coach philosophy and beliefs. Nicholls and Worsfold (2016)
demonstrated that during competitive match situations, experienced ‘elite’ academy coaches were
only capable of re-calling 38.8% of technical actions, the majority of which occurred around key
incidents such as goal scoring opportunities. Furthermore, Nicholls and Worsfold (2016) reported

thatapre-determinedbiastowards certainplayersfromcoachesbasedontheirownopinion
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subsequentlyunderorover-estimatedskill proficiency. Resultssuggest that forplayer development
tobe stimulated and improved, development of a reliable process whereby accurate appraisal of

performance can be assimilated is required.

One method of performance analysis used for talent development from a skill
proficiencyperspectiveinfootballisnotationalanalysis (James, 2006; Thomasetal, 2009; Van
Maarseveenetal, 2017). “Notational analysis is primarily concerned with the analysis of movement,
technicalandtacticalevaluationandstatistical compilation” (Hughes & Franks, 2004, p59).In
modern times, it has become possible to retrospectively analyse performance through the
application of video capture, which has significantly improved reliability compared with previously
adopted hand-notation systems used during live performance (Grehaigne, 1997; Waldron &
Worsfold, 2010). Despite the potential usefulness of notational analysis for assessing and monitoring
technical performanceinfootball, several methodological limitations have beenidentified which
needtobeaddressedbeforeadoptingordesigninganappropriateassessmentprotocol (James,
2006; MacKenzie & Cushion, 2013). Firstly, the study sample size utilised during the design of the
assessment protocol must be adequate toestablishanyvariationacross multiple testing events. This
will ensure the test is robust enough to distinguish between true change in performance and change
inperformanceduetomeasurement errorwhenmonitoring performanceover time (signal vs.
noise). Secondly, itis essential that operational definitions for the coding procedure are clear and
publishedwithintheresearchtoensuretheassessment protocolcanbeeasilyrepeatableover
multipletrials. Thirdly, contextualinformationabout performance or performancevariables being
measured (suchaspassdirection, directionof first touchor type of ballmanipulation) must be
consideredtoprovideamorein-depthinsightintoperformancecapabilities. Lastly, previous
researchhasprimarilyadoptedacross-sectional studydesign. Alongitudinalstudydesignwill
improve validity as this willascertainwhether the test procedure is sensitive enough to track change
inperformance levels over time. Despite these methodological limitations, notational analysisisa
promising method of monitoring technical performance, however, research employing this process

for talent development is limited and requires further investigation.

Thomasetal. (2009) and Van Maarseveen et al (2017) both employed notational
analysistoanalysetechnical performanceinfootballwithacceptableinterandintra-observer
reliabilityscores(r=0.987-0.997). Furthermore, bothstudies provided detailed operational
definitions of coding events and procedures to allow for a repeatable assessment protocol. Whilst
bothsuccessfully providedobjective feedback for player development, the methodological
approaches adopted within studies varied significantly. Van Maarseveen et al (2017) elected touse a

simulated 3v2, attack v defence situation whereby various attributes such as dribbling and passing
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were assessed. One methodological concern with analysing performancein thissituationis that this
onlyrepresentsonephaseof matchplaywhichcouldoccurduringcompetition. Furthermore, it
could be questioned how relevant a 3v2 situation is in the context of actual competitive match play.
Therefore, thecriterion-relatedvalidity of this protocol could be questioned since assessing only one
matchphase maynotberepresentativeof real-life competitive matchplay performance. Inaddition,
thesamplesizewaslow, whichhasbeenidentifiedasacommon limitationwithinnotational
analysis research (James, 2006). In contrast, Thomas et al (2009) implemented a technical
performanceanalysistakenfromcompetitivematchplay. Itisimportanttoconsiderpotential
limitationswhen providing regular on-going player assessment using full competitive match
scenarios. Thefirst toconsider is the variability in performance during competition due to external
factors such as team tactics or opposition quality, whichmayinfluence on-field behaviour (Hughes,
Evans & Wells, 2004). Fernandez-Navarroetal (2018) described substantial variation in team playing
styledependingonthreeinfluential contextual factorsrelating tothe specific match. The authors of
this investigation reported that match status, venue and quality of opposition significantly
influenced team playing style and subsequently accounted for high match-to-match variation. For
example, if ateamisinstructed to play aspecific way, the natural behaviour of the individual player
may beinfluenced. Thisinturncouldalteraplayer’shabitual behavioural habitsand/or skill
executionproficiency. Secondly, thetimeand labour demandsrequiredtoanalyse fullmatch
performance could be considered a significant limitation. For example, academies need to analyse
multiple players over ashort period of time which might not be practically feasible. Therefore, the
assessmentprotocolsneedtobeeffectiveandefficientforthemtobeintegratedintopractice.
Lastly, the number of technical actions performed during a large-sided game compared with a small-
sided game has been shown to be significantly lower (Owen et al, 2013). Liuet al (2016) reported
that certaintechnical actionsdisplay a high level of match-to-match variability, whichmakesit
difficult tointerpret player match performance andspecifically performance of these actions.
Therefore, afterconsidering theresultsof theresearchinvestigatingvariationincompetition
performance, amorestable and repeatablesituationshould be consideredforassessingand
monitoring technical performance whereby a high number of skill repetitions can be performed.
With thisin mind, perhaps a small-sided game format would provide a better opportunity to analyse
a higher number of technical actionsin a shorter time period. A higher number of technical actions
wouldallowforthekeyperformanceindicatorstostabilise thusmakingthemmoresensitiveto
change. Acommonlimitationidentifiedinresearch (Thomasetal2009; VanMaarseveenetal,
2017), istheabsence of atest/retest reliability procedure meaningitisimpossible to determine the

magnitude of variationin performance between trials (Robertson etal, 2014), and consequently the
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abilitytodistinguishbetween ‘signalandnoise’. Furthermore, atest/retest protocol wouldallowthe
establishment of appropriate measurement properties regarding meaningful changes in
performancesuchasthesmallest worthwhilechange (SWC). Thislackof informationrendersit

difficulttodetermineif playerimprovement hasoccurred across multiple testingevents.

Insummary, itisevident that using notational analysis to analyse technical performance
provides valuable objective information for facilitating player development. However, several
limitations must be addressed toimprove the robustness of the procedure: 1) studies should employ
alargesamplesizetoimprovereliability; 2) studiesshouldincludeatest/retest procedureto
determine variation across multiple trials; and 3) the assessment format must establish criterion-
related validity and take into consideration the multi-factorial facets of performance suchas time
and space demands, phase of game beingassessed (e.g., full game, 3v2) and the number of technical

actions perassessment.

2.5 Longitudinal Monitoring and Assessment of Performance

Procedures used to assess and monitor skill within talent development in youth football have been
under-representedinscientific research compared tostudies investigating physical performance
(Bergkampetal, 2019). Furthermore, studies which longitudinally trackimprovementsintechnical
performance over time arescarce. Fromaphysical perspective, player development hasbeen well-
researched with several models being proposed. One recognised and well cited model is the Long-
Term Athlete Development Model (LTADM), which proposes various stages, or ‘windows of
opportunity’, fordevelopingathleticpotential (Balyi & Hamilton, 2004). Incomparison, little
researchinvestigatinghhow technical skillor motor performance develops longitudinally throughout
childhood and adolescence has been conducted. The Development Model of Sport Participation
proposed by Coté et al (2007) outlines three defined pathways of sport participationand the
development of sport-specificskill. At the end of each pathway liesanalternative potential outcome
andresulting level of adult sport participation. Theactivities, andtimespentineachof these
activities, performedduringeach phaseinthechosen pathway ultimately determinestheadult level
attainedwhichiseither ‘elite’ (or professional) performanceorrecreational participation. Fordetal
(2012) described the developmental activities through early childhood and adolescence of elite
youthfootballplayersfromsevenprestigiousfootballingcountries. Theauthorspresentedthe
average number of hours spentinpractice, play and competition relative to each individual country
using retrospective memory recall. One consistent findingamongall countries, isthatearly
childhoodisdominated by playful sport-specific activitiesincomparison to structured practiceand
competition. However, although this research provides valuable information about the

developmental activities fromearly childhood through tolate adolescencein ‘elite’ youth
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footballers, it does not provide any objective information about how sport-specific skill develops
throughout thistime. Researchinthisareawould undoubtedly provide further valuable information
regarding the patternsof skill development, whichin turn, couldassistin long-termplayer

development through the generation of benchmark data.

Onereasonforthedisparityinobjective longitudinal skill development researchmay lie
inthe fact that technical skillis difficult to objectively measure dueits complex and multi-factorial
nature, especiallyinteamsports. Ultimately, the mainaim of any professional academyis to develop
footballerswhocanperforminitsfirst team. Castilloetal’s (2018) longitudinal study, demonstrated
that physical performance capabilities did not significantly differ betweenplayersat the last stage of
their development (reserve team level). They concluded that technical ability was one important
determining factor which separated elite and non-elite players, highlighting the importance of
technical performance anditsinfluence onhigh-level competition. Therefore, itisimperative that
professional academies: 1) are aware of the technical ability demands required to be successful at
the highest level; and 2) understand how technical ability develops from childhood through to late
adolescence andbeyond. This knowledge could allow academies to develop technical performance
and develop benchmarking data for longitudinal monitoring and evaluationin youth footballers. In
addition, byidentifying the technical demands of elite competition, academies can make informed
decisions about specific, age-appropriate coaching content within structured curriculums thus

guiding individual player development.

Althoughresearchinvestigating the longitudinal development of technical performance
isscarce, several studies have examined this utilising populations specific to professional football
academies (Honer & Votteler, 2016; Huijenetal, 2013; Huijgenetal, 2010; Lehyretal, 2018; Zuber
etal, 2016). These studies demonstrated that when comparing elite to non-elite players (or selected
vs. non-selected), as judged by performance level reached following the last measurement point
(e.g., national, regional, local), the rate at which both elite and non-elite players developed over
time followed similar patterns (figure 3). These findings could suggest that skill levels attained prior
to the U12 age group could be a determining factor in subsequent skill development. This theory is
supportedbyDeprezetal (2015)whoreportedthatdribblingskillsattheU10and U12age-group
discriminated between future club players and players who dropped out of the game. Furthermore,
longitudinal studies demonstrate that ‘elite’ players performed better across all measurement points
inisolated, technical performancetestscomparedwith ‘non-elite’ players (Honer & Voetteler, 2016;
Huijgenetal., 2013; Lehyretal., 2018). Insummary, the research suggests that a higher skill level at
the first measurement point (U12) could correspond to a higher skill level, and thus higher playing

level, attained at the final measurement point (U15+).
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Figure 3. Players’ motor performance development from U12 to U15 separated by adult
performance level. Note. Thex-axisrepresentsthe time (inyears) from the first measurement point

inU12 (time =0) to the last assessment in U15 (time = 3) (Lehyr et al, 2018).

Although these results provide novel information regarding longitudinal skill development inyouth
football players from childhood through to adolescence, there are several limitations to consider.
Firstly, thereis no direct correlation between junior and adult success reported. For example, a
longitudinal study of German Youth National Team players reported that the retention of players
selectedforthe U16 National Team level through to U19 was only 33% despite players being
identified through the selection procedure and monitored from the U11 age group (Gullich, 2014).
Furthermore, Lehyretal (2018) reported that performance in selected technical skill testsovera 3-
yeardevelopment perioddidnotcorrespondsignificantly with theadult performance level attained,
regardless of how highaplaying level was achieved duringyouth level (e.g., international, national,
regional). One explanation for thismayberelated tothe technical test selection within theresearch
methodology (Honer & Votteler,2016;Huijenetal,2013;Huijgenetal, 2010; Lehyretal, 2018;
Zuberetal,2016).Researchteamschosetoutilise ‘closedskill’ testssuchas the Loughborough
PassingSkillsTestand the DribblingSlalom Test whichisolate technical performancefromthe
competitive environment of gamesituations and lack the perceptual-cognitive demands associated
withmatch performance. Inreflection, the authors concluded that these tests differ considerably
from competitive match situations due to a lack of external focus during the tests such as opposition
pressure and movement of teammates (Honer & Voetteler, 2016; Huijgenetal, 2013). Furthermore,
authors suggest that future research should focus on the development of an assessment procedure

which requires “more complex diagnostics that enable the assessment of a wider range of multi-
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dimensionalandmorerepresentativecharacteristics” (Honer &Voetterler,2016,p2276). By
developing such an assessment tool, practitioners and coaches will be able to effectively identify
longitudinalskill development patternswhichbetterreflect thedemandsof competitivematchplay

for assisting player development.

As previously mentioned, one model proposed in relation to longitudinal motor skill and
athletic development, isthe Long-Term Athlete Development Model (LTADM) which hasbeenwidely
investigatedwithinscientificliterature (Balyi & Hamilton, 2004). Themodeltheorisescertain
‘windows of opportunity’ for developing specific physical and motor skills in relation to an
individual’s Peak Height Velocity (PHV) (figure 4). The LTADM proposes that the trainability of motor
skillsandcoordinationtasksisenhancedbetweentheagesof 8-12- priortothemostrapidperiod
of growth during childhood and adolescence (PHV). From the perspective of football specific motor
skills, recent motorskill literature has demonstrated that proficiency in gross functional movement
skills, such as horizontal jumping and catching, presented a strong correlation with game-specific
motor skillsin highly trained U12 youth footballers (Kokstejn et al, 2019). Authors concluded that
the mastering of basic functional movement skills in early years development provides the building
blocksforthe subsequent learning of game-specific skills. The ‘trainability’ theory surmised by Balyi
andHamilton (2004), issupportedinalongitudinalstudybyFransenetal (2017)whoreportedan
accelerated development of motor abilities prior to predicted age at PHV and subsequent plateauin
Belgian youth soccer players. Following this rapid acceleration and subsequent plateau in motor
abilities, itcouldbepossiblethat the processof biologicalmaturationplaysanimportantrolein

some aspects of performance.

Researchinvestigating the effect of growthand maturationongeneralandgame-
specificmotorskillsyields contradictoryfindings (Figueiredoetal, 2009; Kokstejnetal, 2019; Malina
etal, 2005; Moreiraetal, 2017; Vandendriesscheetal, 2012). Abrief summary of thestudies
investigating the effect of biological maturation on football-specific skill can be seenin table 3. Of
the 5 studies referenced in table 3, only 1 reported a significant effect of biological maturationon
football-specific motorskills. Moreiraetal (2017) reported that early maturing players exhibited
significantlymoreballinvolvementsand completed ahigher number of passesandsuccessful
passes. However, one aspect of their design that should be considered is the assessment protocol
selected. Moreira etal (2017) was the only research team who selected an ‘open skill’ as opposed to

anisolated ‘closed skill’ performance test. Moreiraetal (2017) selected a small-sided game-based

33



Growth velocity
cm/kg per year alignment on the onset of the spurt
12,00
11,00
10,00
9,00
8,00
7,00
6,00
5,00
4,00
3'(1) ."w.-,,....“
2,00
1,00

0,00 time
onset PHV

— height
-=- weight

Fig 4. The rate of growth during childhood and adolescence. PHV = Peak Height Velocity.
(Visser et al, 1998).

protocolandretrospective notational analysis of videorecording data. Assessing performanceinthis
manner may be considered more representative of competitive match performance, however, the
small-sided gameswere not adjusted for biologicalage which would have resultedinahigh
between-subject variationinphysical capabilities due to current stage of maturation. Thisinturn,
could haveresulted in more physically dominant players having more involvement with the ball and
subsequentlycompletingmore passes. If Moreiraetal (2017) hadchosentoadjust for biological

maturation, it could be possible that alternative results may been reported.

Despite this possible lack of association between maturation and football-specific skills,
Visseretal (1998) reported atemporary declineinmotor skill performance as assessed by the
Movement Assessment Battery for Children (ABC) in a group of elementary school boys. Following
this stage of ‘adolescent awkwardness’ experienced during PHV, motor skill performance again
improved and continued to develop beyond pre-PHV levels into late adolescence and adulthood
(Huijgenetal, 2010). Taking thisinto consideration, it isof criticalimportance that practitioners,
coaches, and those involvedin talent development understand the pattern of individual technical
skilldevelopment. The cross-sectional study design of football-specific research does not allow for
definitive patterns of skill development to be observed throughout PHV (Figueiredo et al, 2009;
Kokstejnetal, 2019; Malinaetal, 2005; Moreiraetal, 2017; Vandendriessche etal, 2012).
Furthermore, the between-age group comparison utilised in studies do not provide any information
regarding the longitudinal, individual patternof development. Until furtherresearchisconducted,
whichobjectively demonstrates the individual pattern of development whilst adopting growthand
maturationasanindependent variable, we canonly assume that football skill development follows

the same path as other generic motor skills (Visser etal., 1998). Consequently, further research
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Table 3. Table 3shows abrief summary of the studies investigating the effect of biological

maturation on football-specific motor skills.

STUDY

Figueiredo et al (2009)

Kokstejnetal (2019)

Malinaetal (2005)

Moreiraetal (2017)

Vandendriescche et al
(2012)

WAS THERE AN
OBSERVED EFFECT OF
MATURATION ON
FOOTBALL - SPECIFIC
SKILL?

No

No

No

Yes

No

ASSESSMENT
PROTOCOL USED

‘Closed Skill’ Tests -
ball control with the
body; ballcontrol with
the head; dribbling

speed; dribbling witha
pass; passingaccuracy
andshootingaccuracy

‘Closed Skill Tests’ -
dribbling test (Bangsbo
and Mohr,2013)

Closed Skill’ Tests -

ball control with the
body; ballcontrol with
the head; dribbling

speed; dribblingwitha
pass; passingaccuracy
andshootingaccuracy

‘OpenSkill’ test -
small-sided game
protocol with

notational analysis

‘Closed Skill’ test -
UGentdribbling test

PARTICIPANTS

Portuguese youth
football players (Aged
11-15)

High level Czech
football players (U12)

High level Portuguese
youth football players
(aged 13-15)

High level Brazilian
youth football players
(aged 15)

High level Belgian
football players
selected for National
team programme (U16
and U17)
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inthis domainwould help prevent selection\ deselection mistakes and allow us to provide a fair,

between-subjects, comparison of technical ability based on biological maturation.
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CHAPTER 3: Exploring the

Opinionsof Experiencedand
Qualified Academy Coaches on
Technical Performance
Attributes Perceived to be
Important in Elite Level
Football



3.1 Introduction

Elite performancein footballisacomplex phenomenon that isdetermined by amultitude of
interrelated factors including physical, tactical, psychological, sociological and technical capabilities
(Vaeyensetal, 2006). Theidentificationand development of young playerswhohaveshowna
potential aptitude to progress into an elite performer, isan important process within professional
clubs (Williams & Reilly, 2000). To date, TID research has had a strong focus on assessing physical,
physiological and anthropometric characteristics for predicting successful performance in youth
footballers (Coelho e Silva et al, 2010). Only recently has there been an enhanced emphasison the
importance of technical performance within top level football (Barnes et al, 2014; Liu et al, 2016;
Rampininietal, 2009). Despite therecognition of theimportanceof technical ability toperformance,
there hasbeen comparatively little research investigating the measurement of it when compared to
literaturefocussingontheassessmentanddevelopmentofphysicalattributes (Ali,2011). The
assessmentoftechnical performanceallowsforthegenerationofobjectivedatatosupportthe
traditionallysubjectiveassessmentof playingability. Consequently, the provisionofvalidand
reliableobjectivedatacanaidthedecision-makingand coachingprocessbyincludingamore

systematic, evidence-based approach to compliment subjective coach opinion.

Previousresearchhasinvestigatedaplethoraof different methods for assessing
technicalperformanceinfootball (Ali,2011). Theserangefromisolated performancetestsina
‘closed’ environment (McDermott etal, 2015) to the analysis of performance within the context of a
game scenario (Garcia-Lopez et al, 2013). Inherent differences exist between ‘closed skill’
assessments and assessments carried out within the context of competitive match play. The main
differencebetweentheassessment protocolsistherequirementforbothinternal (successful
completion of the skill) and external focus (such as movement of teammates and opposition) during
match play situations, compared with the requirement for only internal focus during ‘closed skill’
procedures (Rubajczyk & Rokita, 2015). ‘Closed skill’ assessments generally involve the completion of
afootball-specific taskinapre-determined patternas quickly as possible to determine accuracyand
speedof skillcompletion. Anexampleof thisistheLoughboroughPassing Test (McDermottetal,
2015), whereby a specific number of targets must be hit by passing the ball against them as quickly
as possible. In comparison, an assessment protocol measured within the context of match
performance involves video capture during competitive performance situations and subsequent

evaluation of skill proficiency through notational analysis (Garcia-Lopez et al, 2013).
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Duetothecomplexnatureof technical performanceanditsinteractionwiththe
numerous internal and external confounding variables, no method has been globally recognised as
the ‘gold standard’. It has been demonstrated that isolated performance tests which require no
externalfocus, correlate poorlywithgameperformance (Lehyretal, 2017; Pracaetal, 2015;
Rubajczyk & Rokita, 2015). Thissuggests that futureresearchshould continuetofocusonthe
development of anappropriate assessment protocol that ismore specific to the demands of
competition. Followingthis, ithasbeensuggestedthat theuse of small-sidedgamescouldbean
attractiveandpractically efficient methodof assessingand monitoring technical performance dueto
the similar perceptual-cognitive demands compared with match performance (Cobb et al, 2018;
Garcia-Lopezetal, 2013; Unnithan et al, 2012). However, consistent with the development of any
new experimental procedurein other scientific disciplines, astructured and rigorous process must
befollowedwhenconsideringtheapplicationofanew, previouslyunvalidatedassessment tool
(Brewer & Jones, 2012; Robertson et al, 2017).

Within currentresearch, several concerns with the methodological processes adopted
are consistent throughout the literature. Brewer and Jones (2002) proposed a 5-stage model for
developing any contextually valid observation tool. The first stage proposed by Brewer and Jones
(2002) involves observer training using a previously validated observation tool as aframework. The
purposeof thisstageistofamiliariseobserverswiththeanalysis process thatwillsubsequently
enhancereliability. The second stage of the process involvesamending an existing instrument to the
context of the intended environment (e.g., within a professional football academy). Akey stage
during this process is the development of operational definitions for key performance indicators so
thatcontentvalidity canbe established. Itisof criticalimportance that the definitions provided are
created through scientific process to ensure the tool is contextually relevant. The third involves
establishinginstrumentcriterion-basedvaliditywiththeaimbeingtodeterminewhetherthe
instrument measures what it is perceived to measure. For example, does the instrument correlate
with the performancevariable measured. Finally, stages4and 5 involve establishing objectivity and
reliabilitybycheckinginter-andintra-observerreliability. Inaddition, Robertsonetal (2017)
highlighted several other key stages in the development of a new observation tool not included in
theBrewerand Jones (2002) framework. These key stagesinclude measures of test/retest reliability
andtest sensitivity through the calculation of the smallest worthwhilechange. Fromthe perspective
of talent development and longitudinal tracking of performance over time, animportant procedure
inany holistic talent development programme, the steps outlined here are of critical importance
(Bennett, Vaeyens & Fransen, 2018). Therefore, to be truly confident about the robustness of any

measurement tool within sports science, establishing appropriate measures of validity and reliability
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need tobeachieved. Until this processisadhered to, results generated from any observation tool

should be interpreted with caution.

OneoftheearlystagesoutlinedbyBrewerandJones (2002)iscreatingdefinitionsof
key performance indicators to be measured during the analysis process. Animportant component of
thisprocess should include validation of these key performance indicators through scientific process
toensure the assessment tooliscontextually relevant withinitsintended environment. Therefore,
the first aim of this study is to establish content validity using the Delphi method to explore current
perceivedopinionsonthe technicalattributes that are mostimportant forsuccessful performancein
high level competition. Thisinitial step in the development of a new observation tool will provide a
framework upon which performance will be measured. Due to the subjective nature of performance,
itisof critical importance that consensus can be reached regarding the selected key performance
indicators to ensure contextual validity. Furthermore, this process will help conceptualise how
technical performanceisviewedandwill provide abuildingblock for subsequent stagesinthe
development of the Technical Performance Assessment (TEEM). The second aim of this study is to
combine the information gathered from the exploration of ideas and models adapted from previous
research to design an observation tool for assessing and monitoring technical performance which

can be easily administered within a football academy environment.

3.2 Methods
3.2.1 Study Design

The Delphi method is a structured and systematic qualitative research method used for exploring
professional opinions of a selected panel of field experts on any given research question (Eubank et
al, 2016; Hassonetal, 2000; Larkin & O’Connor, 2017). The Delphimethod consists of multiple
rounds of questionnaires, with each subsequent round providing consolidated and summarised data
from previousrounds. Inthefirstinstance, theaimof the Delphimethodistoestablishabroad
opinion of the subject matter. Following this, each subsequent round is filtered, consolidated and
confirmed until consensus between expertsisreached (Diamond et al, 2014). This method provides
avalid and reliable gathering of data at the convenience of the participant without the need for a
long, structuredinterview process. Ethicsapproval wasgrantedbytheLiverpool JohnMoores

University Ethics committee and all participants provided written consent prior to participation.

3.2.2 Participants
TheDelphimethodrequirescareful consideration of participantselectionforinclusionduringthe
data collection process. One of the main strengths of the Delphi method is the ability to select a

panelof ‘experts’ whoare considered ashaving ‘domain-specificexpertise’ inthe subjectarea.
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ParticipantrecruitmentwasbasedonthebespokerequirementsofaScottishPremierLeague
Football Academy. By restricting the participant recruitment procedure to only individuals employed
by the club, the contextual validity of the results generated could be improved. Each participant
possesses a detailed knowledge and understanding of the academy playing philosophy and
therefore, theresults of the Delphi process should reflect the technical attributes that the academy
perceives to be most important for success at senior club level. The participants recruited for this
study were the most highly qualified and experienced coaches within the club. Five coaches were
approachedto participate in the study. Each coach possessed the highest coaching qualificationin
their line of expertise. Two of the five coaches possessed an UEFA Pro License, and three of the five
coachespossesseda UEFAElite Youth ALicense. All participants had high level playing experience of

more than 15 years and were employed at the club’s first team or academy.

3.2.3 Procedures

FirstRoundof Questionnaires. Toexplore the generalopinionof thetechnicalattributesrequiredto
be a successful professional football player, the first round of questionnaires provided the
participants with aseries of open-ended questions (e.g., What aspects of technical performance do
you consider being mostimportant to elite technical performance without taking into consideration
positionaldifferences?). Thequestionswere designed tobethought-provokingtoelicitvaried
responses (e.g., Please provide personal comments which you feel are important when considering
important attributes for technical performance). At this stage, all responses were welcomedinthe
hope that all important attributes were identified. Questionnaires were administered face-to-face to
improve compliance. Furthermore, this provided the participants the opportunity toread over the
questionnaireandaskany questionsaboutissues theywere unsureabout. Researchercontact

details were provided should any questions have arisen prior to the second round.

SecondRoundofQuestionnaires. Round2 of questionnairesbeganwiththepresentationofa
summary of responses generated from Round 1 in a visual, easy-to-understand format. All responses
complied by the coachesin the first round of questionnaires were includedin this summary.
Followingthis, thepanelwere asked ‘closed’ questionstofilterdowntheresponsestowards
consensus. The participants were asked to rate each individual attributes’ importance onaLikert
scaleranging from 1-5. The 1-5 scale was based on the number of responses each attribute received
inround 1 (e.g., If anattribute received 4 out 5 responses from coaches in the first round, then the
attributewasassignedaratingof 4, with 1 =notimportantand5=veryimportant). Thecurrent
rating (based on number of responses) was provided, and the coaches were asked if they would like
tochange therating of each attribute inanaccompanying box. Thismethod was designed to

quantify thesubjective datageneratedin theinitial round foranalysis. Similar toround 1
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questionnaires, round 2 questionnaireswereadministeredface-to-facetoimprove complianceand

provide the participants an opportunity to ask any questions.

Third Round of Questionnaires. The third round of questionnaires attempted to establish
consensus. Consensus was considered reached when 80% agreement between experts was
established (Diamond et al, 2014). In attributes which invoked 0-60% agreement, consensus was
deemedtohave not beenreached and attributes were omitted from the analysis. Inattributes that
reachedbetween60-79%agreement, furtherexplorationwasconsideredwarrantedandwere
proceeded toround 3. The panel were presented with the summarised list of attributes generated
from subsequent rounds of questionnaires and their current percentage of agreement. The panel
were simply asked if they agreed or disagreed with the inclusion of each attribute in the assessment
procedure. Following thisstage, if the 80% agreement level wasreached, the attribute wasincluded
intheanalysis. Iftheagreement levelwasbelowthe 80%threshold, theattributewasremoved.
Furthermore, during this round of questionnaires, the panel were presented with operational
definitions of the key performance indicators to be assessed. Again, the panel were asked if they
agreed or disagreed with the definitionsand aboxwas provided to make any necessary

amendments.

3.3 Results

3.3.1 Delphi Questionnaires

First Round of Questionnaires

Responsesfromthefirstroundof questionnaires providedabroadrange of attributesthatthe
coaches perceived to be important to technical performance. As the initial stage was designed to
exploreopinion, attributeswhichmaynotbedirectlyrelatedtotechnical performancewere
highlighted. A total of 24 attributes were identified following the first round of questionnaires (see
figure 5). Of the 24 attributesidentified, 14 were directly related to technical performance. The
remaining 10attributesrelated tocognitive, tactical orphysical performanceattributes. Attributes
which were not directly related to technical performance (e.g., speed) were excluded from the
analysis. Furthermore, attributeswhichwereunable or difficult tomeasure were alsoexcluded from

the analysis (e.g., 2 footedness, play at speed, vision)
Second Round of Questionnaires

Results of the second round of questionnaires are shown in table 4. Following the first round of

questionnaires: consensus was reached on 2 attributes; consensus was possibly reached on 4
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attributes but required further explorationin round 3 and consensus was not reached on 5

attributes. If consensuswasnotreached, theattributewasomittedfromtheanalysis.
Third Round of Questionnaires

Of the 11 attributesidentified by the panel of experts, 5 reached consensus and qualified for
inclusionin the assessment protocol. Six attributes did not reach the 80% agreement level set before
the questionnaires were administered. Results from round 3 of questionnaires can be seenin table
5. The attributes which reached consensus and were included in the analysis of technical
performance were ball manipulation, shooting, passing, first touch, decision-making and two
footedness. Furthermore, afinalised list of operational definitions for the key performance

indicators can be seen in table 6.

1= Touch [direction, 2 Footadness Attack 1vl
area of pitch)
Ball Mastery Crossing (type of Goal scoring (finishing,
CFDSS:I shooting, creating,
TECHNICAL accuracy)
Heading [defending, Passing (range of Playing at Speed
crasses, attacking passing, type of pass,
Crosses, jumping) efficiency)
Receiving the ball [angle Tackling Defending 1vl
receiving, receiving at
pace]
Creativity Decision Making Play at Speed
RESPONSES GIVEN COGNITIVE
BY COACHES
Vision
Exploiting Space Positional Skills Reading of the
Game
TACTICAL
“Recovers, Presses, Tea mwork
Tackles, Marks”

PHYSICAL ili

Change of
Direction

Figure 5. The diagram shows all the responses given by coaches in round 1 of questionnaires. The list
of attributes was classified into ‘technical’, ‘cognitive’, ‘tactical’ or ‘physical’. (information in brackets

describes the additional contextual information provided with the responses)
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3.3.2 Development of the Assessment Tool

Followingtheestablishmentof keyperformanceindicatorsfromtheDelphiprocess, whichwas
determined after reaching coach consensus, the operational definitions for each technical action
providedaframework for tool design. After the observation tools content validity was established, a
combination of previous assessment protocols (Cobb et al, 2018; Unnithan et al, 2012) were used as
aframework to develop a new tool. Previous research was identified, and the parameters of tools
developed within these research studies were manipulated to conform to the context of the club’s
academy environment (Cobb et al, 2018; Unnithan et al, 2012). Due to the practicality and ease of
applicationwithinatraining environment, small-sided games were used as the format for technical
performance assessment (Bennett et al, 2017). Furthermore, previous research reported large
variabilityinperformanceduringcompetitive matchesprobably duetoexternalconfounding
variablessuch asteam tactics, quality of opposition and environmental conditions (Liuetal, 2016).
This variation in match performance suggests that performance assessment within a small-sided

game scenario may provide a more stable and consistent environment for evaluation.

3.3.3 Test Protocol

After these considerations, a6V 6 (+2 goalkeepers) small-sided game format was selected for the
assessment. Tomakesmall-sidedgameconditionsasspecifictoreallifematch performanceas
possible, anindividual playing areaof 100m?/ player (outfieldonly) wasapplied (Fraudaetal, 2013).
Inlinewith Frauda et al (2013), 10m from each goalkeeper to the playing area was also applied. This
resultedin pitch dimensions of 50m (length) x40m (width). The assessment protocol consisted of 6 x
6-minute games. Normal game rules were applied except for the offside rule and the exclusion of
throw-ins, cornersandfreekicks. If the ballwent out of play or afoul wascommitted, thegame
started with the goalkeeper in possession. Players were givenanumber, and teams were selected at
random using an online random team generator. After each game, teams were changed randomly to
avoid any bias in team selection (Unnithan et al., 2012). This resulted in players being required to
play with different players and against different opposition each game. To ensure the games were
competitive, players were informed that this was an assessment, and each individual player would
receive 2 points perwin, 1point perdraw and0points per loss. Playersalsoreceived 1 point for
every goal their team scored. The aim was to develop a competitive environment to ensure there
wasadequate pressureonplayersduring technical actionstoresemble match performanceas
closelyaspossible. Gameswerevideorecordedforretrospective analysis of the frequency of

technical actions performed during the assessment protocol.
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3.3.4 Score Reporting of Technical Actions

Following the collection of frequency data, a ‘skill efficiency performance index (SEPI) (Memmet &
Harvey, 2008) was calculated for the 4 main key performance indicators (KPI’s) identified by the
panelof coachesduring the process of establishingcontent validityinchapter 3. The SEPIwas
selected over percentage success due toits inclusion of astarting score of 10 (a constant) for each of
the KPIs. Memmet and Harvey (2008) highlighted a limitation to reporting skill success as a simple
percentage. The authorsobserved that when the frequency count of aspecificactionislow, asimple
percentage success calculation may not provide a fully accurate representation of skill success due
to the possibility of completing a successful action by chance. For example, if the total frequency
count of anaction was 3 and the participant successfully completed 2 actions, then this would give a
percentage successof 66%. Inthissituation, itis possiblethat 1 (oreven2)actionscould have
occurred due to luck. When using the SEPI for the same example, ascore of 52.2% would be
generated. Therefore, withthe SEPI, a higher score is generated as the element of chance decreases
witha higher frequency of actions. The mainkey technical performance indicators were identified
asfirst touch, ball manipulation, passing and shooting (figure 5). The SEPI was calculated using the

following formula, where SA = successful actions and UA = unsuccessful actions:
(10 + SA)/ ((10 + SA) + (10 + UA)) * 100

For the shooting SEPI, successful and unsuccessful actions were replaced by ‘shotsontarget’ and
‘shotsoff target’. Foryouth footballers, shooting accuracy was determined by the number of shots
successfully hit on target as opposed to conversion rate, therefore, ON = shots on target and OFF =

shots off target:

(10 + ON)/ ((10 + ON) + (10 + OFF)) * 100
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Table 4. Table 4 shows the ratings of perceived importance for each attribute generated from round 2 if DELPHI questionnaires.

PERCEIVED IMPORTANCE (1-5)

SUMMARISED LIST OF ATTRIBUTES EXPERT 1 EXPERT 2 EXPERT 3 EXPERT 4 EXPERT5 AVERAGE % AGREEMENT Consensus Reached Action Taken
1st Touch - (direction, movement, area of pitch touch) 4 4 4 4 5 4.2 Yes Include in Analysis
Passing - (range of passing, type of pass) 5 5 5 5 4 4.8 Yes Include in Analysis
2 footedness 4 3 3 4 4 3.6 Possibly ProceedtoRound3
Heading- (defendingcross, defendinglongball, attackcross, jumping, timing) 3 4 4 4 3 3.6 72.0 Possibly ProceedtoRound 3
Decision Making 3 4 4 4 4 3.8 76.0 Possibly ProceedtoRound 3
Ball Manipulation 3 2| 4 4 4 3.4 Possibly ProceedtoRound 3
Crossing - (type of cross) 3 4 3 2 2 2.8 No Omit from Analysis
Defend 1v1 1 4 3 3 3 2.8 No Omit from Analysis
Shooting - (type of shot, accuracy) 3 3 3 2 3 2.8 No Omit from Analysis
Tackling 1 3 3 4 2 2.6 No Omit from Analysis
Creativity 3 1 4 3 2 2.6 No Omit from Analysis

Table 5. Table 5 shows the responses given by the panel of experts from round 3 of DELPHI questionnaires. Experts were asked if they agreed or disagreed

with the inclusion of the attributes identified in the assessment

Action Taken

PERCEIVED IMPORTANCE (1-5)
SUMMARISED LIST OF ATTRIBUTES EXPERT 1 EXPERT 2 EXPERT 3 EXPERT 4 EXPERT 5 AVERAGE % AGREEMENT Consensus Reached
Ball Manipulation Agree | Agree Agree Agree Agree
Shooting - (type of shot, accuracy) Agree Agree Agree Agree Agree
Passing - (range of passing, type of pass) 5 5 5 5 4 4.8
1st Touch - (direction, movement, area of pitch touch) 4 4 4 4 5 4.2
2 footedness Agree = Agree Agree Disagree Agree
Decision Making Agree Agree Disagree Agree Agree
Heading - (defending cross, defending long ball, attack cross, jumping, timing) | Disagree Agree Disagree Agree Agree
Crossing - (type of cross) Disagree Disagree Agree Agree Agree
Defend 1v1 Disagree Agree Disagree Agree Agree
Creativity Agree Disagree Disagree Disagree Agree
Tackling Disagree Disagree Disagree Disagree Agree

Yes Include in Analysis
Yes Include in Analysis
Yes Include in Analysis
Yes Include in Analysis
Yes Include in Analysis
Yes Include in Analysis
Yes Omit from Analysis
Yes Omit from Analysis
Yes Omit from Analysis
Yes Omit from Analysis
Yes Omit from Analysis
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Table 6. Table 6 details the operational definitions foreach of the key performance indicators

identified during the Delphi process and following the third round of questionnaires

PERFORMANCEVARIABLE

DEFINITION

PASSING
Successful Pass

Unsuccessful Pass

Forward Pass

Side Pass

Backward Pass
Short Pass

Long Pass

Pass in Defensive 3
Pass inMiddle 37
Passin Attacking 3¢

Penetrating Pass

The pass was able to be controlled by a teammate

The pass was not able to be controlled by a teammate or possession was lost

Apass playedin the direction of the opposition goal

Apass played sideways in the same third of the pitch

Apass played in the direction of their own goal

A pass of approximately 25 metres or less

Apass approximately than 25 metres or more

A pass played in the defensive 3

A pass played in the middle 3

A pass played in the attacking 3

A penetrating pass played through the midfield or defensive lines to a
teammate. Canbeintheairorontheground. The pass ‘takesout’ 2 or more

players.

1STTOUCH
Successful 15t Touch

Unsuccessful 15t Touch

15t Touch Forward

15t Touch Side

15t TouchBack

15t Touch in Defensive 3
15t Touch in Middle 3¢
15t Touchin Attacking 37

Whenreceivingtheball, the nextactionissetupandpossessionisretained
When receiving the ball, the ball is not under control following the first touch

resulting in lost possession

1sttouch is in the direction of the opposition goal
1sttouch is taken sideways in the same 3 of the pitch
15tTouchistakenin thedirection of theirown goal
15t Touch in the defensive 3 of the pitch

15tTouchin the middle 3 of the pitch

1t Touch in the attacking 3rof the pitch

BALL MANIPULATION

Successful Ball Manipulation

Unsuccessful Ball Manipulation

The player in possession of the ball movesit into available space; tobeat an
opponent, create space for an attempted pass, cross or shot, or to escape
opposition pressure by running with the ball

Loss of possession or being tackled when attempting the above

1vl  Beatingandopponentina1v1situationresultinginashot, crossorpasstoa
teammate
Skill/ Move  Escaping from opposition pressure usingaskill ormove
Drive  Runningwith the ballinto space towards the opposition goal
SHOOTING
SuccessfulShot  Scoring a goal
UnsuccessfulShot  Failure to score a goal
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Smash

A shot hit with power with the instep

Finish A shot hit with precision and attempted accuracy rather than power alone
On-Target  Ashot which forces a save from the goalkeeper or hits the goal area including
the crossbar and posts
Off-Target  Ashot which does not hit the goal area including the goal crossbar and posts
Shotwithinstep A shot struck with the laces
Shot with Inside of Foot  Ashot struck with the inside of the foot
15t TimeShot  Ashottakenwiththeplayers1sttouch
Short  Ashot taken from within approximately 16 metres from the goal
Long  Ashottakenoutwithapproximately 16 metresfromthegoal
PRESSURE
Pressure  Distance between a player with the ball (first attacker) and an immediate
pressing player (s) (first defender), excluding the goalkeeper with the defending
player making it difficult to complete the current or next action
Pressure-Loose  Whenthefirst defenderisestimated tobe morethan1.5metresawayandis
NOT making it difficult for the player in possession to complete the current or
next action
Pressure - Tight ~ When the first defender is estimated to be within 1.5 metres, and is making it
difficultfortheplayerinpossessiontocompletethecurrentornextaction
DECISIONMAKING
BestDecision  Execution of a skill which results in the best possible outcome for the team in
the givensituation e.g. scoring agoal, a key pass, keep possession, creating an
opportunity. This includes situations when the best decision is made but the
execution of the skill is incorrect
Ok Decision  Execution of askill whichresultsinkeeping possession of the ballbut having
better options available e.g. passing backwards when a forward pass was on.
Includes an unsuccessful skill execution when the player fails to select the best
decision
PoorDecision  Choosing an inappropriate skill execution in the given situation or the wrong
option which results in a loss of possession
ASSIST Directly creating a goal using a pass, cross or skill

L

3.4 Discussion

3.4.1 General Discussion

This current study provided a systematic method for establishing content validity when designing a

new instrument toreliably assess and monitor technical performanceinyouthfootballers. This study

contributes to the understanding of the perceived attributes required for high performanceinelite

footballwithinthe context of aScottishPremierLeagueclub. Thefindingsindicatethatfroma

48



generalperspectiveof successful football performanceatanelitelevel, 1*touch, ballmanipulation,
passing, shooting, decision-making and 2 footedness were the technical attributes which were
perceived to be most important. Furthermore, heading, crossing, 1v 1 defending, creativity and
tacklingwerenotconsideredasbeingfundamentaltechnicalattributesforsuccessful performance.
Results presented in this study are consistent with the findings reported by Larkin and O’ Connor
(2017). They reported that high-level national coaches and performance directors from Australia
confirmed 1st touch, ball striking (defined as passing and shooting) and decision-making as some of
themostimportant attributesinfootball. Inaddition, they reported that technique under pressure
was considered animportant technical attribute, which may possibly have been overlooked in the
current study. Also consistent with the results, Larkinand O’ Connor (2017) reported that defending
ability (defined as defensive 1v 1’s, tackling and heading) was omitted following the first round of
results. One possible explanation for this is that defensive ability is an attribute which can be more
easily improved with age and practice. Furthermore, it is possible well-developed physical attributes
andanthropometric characteristics maysignificantly contribute tostrong defensive abilityinyouth

footballerswhendifferencesinmaturational stagesare considered (Towlsonetal, 2017).

Animportant attribute highlighted in both the current study and Larkin and O’ Connor
(2017) is decision-making. Although this attribute is not measurable as a skill execution, decision-
making plays a pivotal role in the process (Pracaetal, 2015). The process of skill executioninvolves 3
stages (Williams, 2000). Thefirst stageinvolvesinformation gathering fromthesurrounding,
external environment and context of the game moment. Factorsinfluencing the success of this first
process are visual scanning capabilities for identifying team-mate and opponent movements, and
tactical knowledge. The second stage during skill execution relates to the decision-making process
whereby fast decisions on the appropriate skill selection and execution based on the information
gatheredfromthefirststage needtobeapplied. Lastly, the ability to execute the selected skill is the
final stage of skill execution whereby technique plays acritical role. Therefore, itis essential that
decision-makingisincludedinany skill proficiency analysis due to the extent towhichit influences
thesuccessof any technicalaction. Onedifficultyin measuring decision-making within performance
highlighted in previous research is its subjective nature due to the inability to observe the process
takingplacei.e., theprocessisinternalwithinthe player (Lorainsetal, 2013). However, by providing
detailed operational definitions, the subjectivity of assessing decision-making can be reduced
(James, 2006; Lorainset al, 2013). Therefore, by including detailed and appropriate operational
definitions (table6), decision-makingcan, andshould, beincludedintheanalysisof technical

performance.
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OneattributewhichwasnotidentifiedinthestudybutwashighlightedbylLarkinand
O’Connor (2017) was skill success under pressure. Due to the varying levels of opposition pressurein
specificpitchlocationsandtacticalinstructions that mightalter timeandspacedemands, (e.g., high
presstacticsandpressureonballinoppositionpenaltyarea)theauthorrecognisesthatthisisan
attribute which should be considered forinclusion in the analysis of skill proficiency. Like the issue
highlighted in the analysis of decision-making, opposition pressure is highly subjective. Also, in this
instance, thesubjectivity of opposition pressureanalysiscanbereduced, butnotentirelyeradicated,
with the provision of detailed and clear operational definitions (Tenga et al, 2010). Therefore, the
authors conclude that due toits substantial externalinfluence on skill success, opposition pressure

should be included in the analysis of technical performance.

One novel finding from the current study which did not emerge in previous work (Larkin
& O’Connor, 2017) isthe perceived importance of contextual information which accompanied each
technical attribute. Table 4 shows a list of responses given by coaches and in brackets the
accompanying range of descriptions that were supplied along with those responses. For example,
the coaches perceived the direction and type of pass asimportant information alongside passing
efficiency. Thisfindingisconsistent withtheopinionsinperformanceanalysisresearch (James, 2006;
McKenzie & Cushion, 2013). Theinclusionof contextualinformationasadescriptortotechnical
actions provides the opportunity to gain a better understanding of player behaviour. Following the
identification of player behaviour through objective feedback, coaches canattempt to manipulate
player behaviour and subsequently improve performance. For example, a shift from a high
percentage of sidewaysandbackwards passestoagreater percentage of forward penetrating
passes. The use of contextualinformationinplayer technical performance evaluationalso providesa
morein-depthanalysisthatcanaddvaluableinformationtoindividualdevelopmentplans. By
identifying behavioural habits through notational analysisinrelationtoaplayer’s technical
performance, coachesshouldbeable topositivelymanipulate behaviour through coachingto
improve performance. Furthermore, by matching a player’s technical performance characteristics to
player technical profiles designed by the club, a position-specific assessment of performance canbe
utilised. However, until appropriate validity and reliability measures are conducted within any
assessment tool, theresults generated must beinterpreted withcaution. Therefore, itisimportant
that the criterion-related validity (i.e., the extent to which test performance correlates to
competitive match performance) of any assessment tool is established so practitioners and coaches
can be confident that manipulating behaviour in a performance test will transfer to match

performance.
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The use of small-sided games for the assessment of technical performance in football
has gained popularity inrecentyears (Cobb et al, 2018; Unnithan etal, 2012). Withinresearch, it has
been generally accepted that performance insmall-sided games could potentially better reflect
matchperformancecomparedtoisolated, ‘closed-skill’ performancetests (Pracaetal, 2015; Larkin
&0O’Connor, 2017;Rubajczyk & Rokita, 2015). Onepossibleexplanationrelates toperceptual-
cognitive demands during game-like situations, where information gathering, and decision making
arecriticalcomponentsof skill proficiency. Incontrast, assessment protocolswhichareperformedin
isolation (such as a target-based passing tests or dribble slalom track) do not correlate well to match
performance. Therefore, the utilisation of a small-sided game scenario as an assessment tool was
preferred to one, oracombination of, isolated skill assessments. In support, Ford et al (2009) put
forwardthe Expert Performance Approachwhich providesaframeworkfor learning and skill
acquisition. They propose a 3-stage model for skill acquisitioninwhich the first stageischaracterised
by the capture of expert performanceinenvironments closely resembling the criterion performance
measure (competition performance). Performance within a small-sided game requires the
integrationof perceptual, cognitiveandactionskillsthatiscomparable tothecriterionperformance
alludedtobyFordetal (2009). The presence of opposition players and teammates within the field of
play contribute to the multifactorial facets of technical performance. With thisin consideration,
research towards the use of small-sided games for assessing and monitoring technical performance
isgainingmomentum (Bergkamp et al, 2019). Furthermore, small-sided game protocols are easy to
administerwithinanacademyenvironmentand are more time efficientsincedatafrommany
participants can be collected within one testing session. One issue which remains unexplored, to the
authors knowledge, is the relationship between technical performance in small-sided games and
match performance. To date, research investigating the relationship between small-sided game
performanceandreal-lifematchperformanceislimitedandwarrantsfurtherexploration. Itis
important for further enhancing criterion-based validity that the relationship (if any) between the
performancebeing measuredwithinourassessment protocolandthe performancewewantto
directlyinfluenceisestablished. Perhapsone limitationwhich couldinfluence theresults of
establishingthisrelationshipisthevariationreportedinmatch-to-matchperformancedueto
external factors such as team tactics, quality of opposition and environmental conditions (Liuet al,

2016). However, further researchiswarrantedin thisarea to expand current knowledge.

3.4.2 Limitations
While thisstudy provided valuable informationon the technical attributes perceived tobeimportant
toadult success withinaScottish Premier League academy, several limitations are identified which

shouldbe considered. Firstly, datawascollected froma panel of coacheswithinoneScottish
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Premier League academy and therefore, the results obtained must beinterpreted with cautionwhen
transferring across contexts. Assumptions should not be made regarding the generalisability of the
results as various factors could contribute to the perception of attributes deemedimportant within
clubs or organisations. These factors include the individual clubs playing philosophy, coach bias or
the club’s position-specific player performance profile. Secondly, the attributes identified within the
currentstudyprovideageneral frameworkfortechnicalskillcompetency. Onreflection, the
differencesin position-specific technical demands could be considered toadd further context tothe
playerassessment. For example, the relevance of ball manipulation ability for central defenders.
However, acounter argument to thislimitation could be the need for afoundation level of technical
competency across all areas of performance to be successful at the highest level. Future research
could investigate the position-specific intricacies of technical performance which could further
enhance the player evaluation process. Thirdly, alimitation to the Delphi processis the potential for
coachestoaltertheirresponsesbasedonwhat theythinkshouldbetherightanswerratherthan
what they believe. Inthisinstance, the test administeris relying on the responses to be truthful and
honesttoprovidereliabledata. Fourthly, inthecurrentstudy, only5coachesmettheselection
criteriaand were selected to participate on the panel. Asmall number of participantsin the panel
increases the chances of responses being overlooked during the initial round of questionnaires.
However, asmentioned previously, findings in the current study are consistent with the findings by
the similar study by Larking and O’Connor (2017) and therefore the authors are confident that all
aspectsof technical performanceinfootball have beenidentified. Lastly, whenapplying the Delphi
method in the data collection process, it isimportant that researchers consider the sample size
beingrecruitedforparticipation. Whilst the Delphimethodisascientific process of usingsubjective
datatosystematically ensurecontentvalidity, reliabilityandareductionincognitive bias, twomain
contraindicationsareapparentforinappropriatesamplesizes. Asmallsamplesizelimitsthe
reduction inbias by having a lower number of ‘opinions’, whereas an excessively large sample size
makes it difficult toreach consensus due tolarger variationin beliefs. Therefore, theresearcher/
practitioner must find a balance to ensure all valuable responses are being collected and consensus

is reached.

3.4.3 Conclusion

This study provided a systematic and scientific approach to establishing content validity for the
development of a new assessment tool for assessing and monitoring technical performance in youth
footballers withina Scottish Premier League academy. Anovel findingin thisstudy is the recognition
of the importance of contextual information to add detail to the analysis process. Thisin turn can

provide amorein-depth player analysis which can aid coaches in manipulating player behaviour to
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positivelyimpact performance. By designingacontextually relevant assessment tool for player
evaluationand monitoring, players and coaches can be provided with objective datato support

subjective intuition which can be used to further enhance player development

3.5 Personal Reflection and Professional Skills Development

This stage of my professional doctorate journey opened my eyes to new research skills, which | had
previously no exposure to. Firstly, the necessary reading around the process of developing new tools
to be used within science highlighted the importance of establishing appropriate measurement
properties such as test/retest reliability; criterion-based validity and sensitivity to change. When
consideringmy professional development, the process of acquiring thisknowledge positively
influenced the way in which I now read and critique scientific journal articles. Previously, | would
quicklyskimoverthe methodssectionandrushtotheresultsanddiscussionsectionwhichnow
realise could have resulted in me overlooking important methodological issues. | now understand
theimportance of robust scientific methodology and feel more confident when critically analysing
literature which facilitates the process drawing more informed personal conclusions. | feel this
deeper understanding of research methodology is an important learning step inmy development as
apractitionerasresearch-informed decision making isanessentialindustry skill. Inaddition tothis, |
was given exposure to qualitative research methods. During development of the Delphi
questionnaires, | decided to pilot the questionnaire by reaching out to a number of
coaches/practitioners withwhom | was connected with via a social media platform. I sent around 40
people amessage explaining the purpose of myresearchandissued the questionnaire tothem
(which typically took around 10 minutes to complete). Of the 40 people | had sent the questionnaire
to, Ireceivedonly 8responses. Thisopened myeyestothelimitationsand potentialissuesImay
faceif | decided tocollect datain thismanner. Following this, | decided to keep my data collection
in-house fromcoaches | knew personally and had previously established personal relationships. | felt
thatthismethodof ‘conveniencesampling’ woulddramaticallyimprovetheresponserateand
compliance. lunderstood that this would limit the generalisability of my results but concluded that
my researchisbeing conducted for the specific benefit of my organisationand notagreater

population.

At thisearly stage of my project, lhad my first opportunity to practice my dissemination
skills following the first round of questionnaires. After receiving the responses from the first round
of questionnaires, | had to decide upon the best way the present back the results to the participants
in the next round of questionnaires. The participants themselves were not from academic
backgrounds and therefore | did not want to disengage them from the process by reporting

mathematical or scientific terms. | feel that this was a good decision which made the process of data
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collectioneasier. Thisextract frommyreflective journaldemonstratesmythoughtsduring the

process:

“Was happy with theinitial responses to the open-ended questions. Most agreed that

SSG’swereagoodway toassesstechnical performance. Gotseveral variedresponses. |
think this was always going to happen given the subjective nature of coaching and the
fact that everyone has their ownopinion. However, thisisgoodasit allows for further

elaboration in subsequent Delphi rounds
Presentation of results

Idecidednottogo ‘toostatistical’ asthepanelselectedforquestionnaires werenot from
anacademicbackground. I think thiswasawisedecisionasit get themengagedand
didn’t think it was awaste of time. | wanted to make the presentation of results simple

and clear and didn’t want to use too much jargon.
Consensus

lusedtheexpertsrating 1-5 (5beingmostimportant) togaininsightintowhat they
regardedasimportant attributes. If | was to change anything, would have considered
usingalargerscale(e.g., 1-10). Thismight have allowed consensus to be reachedeasier.
Forexample, insteadof requiringa4out of 5 for 80% agreement, 8out of 10would
equalthesame. Notsureif that wouldhave madeamassivedifferenceornot. may
havealsoconsideredusingalarger panel. Wouldgeneralisability have beenimprovedif|
branched out and sought responses from coaches from other clubs? The downside to this
would have been that compliance would have dramatically decreased whereas in this
instance, compliance was 100%. Furthermore, the current methods make it bespoke to

my club.”

Inlinewith my research and professional skills development aims outlined in chapter 1, the

following learning outcomes from this stage were as follows:

e Todevelop research and technical skills

e To develop communication skills (specifically public speaking) and dissemination of
information for various audiences

e Todeveloptransferable knowledge, conceptsand processes whichcanbe utilisedinother

contexts



CHAPTERA4: Establishing

the Reliability of a Newly
Developed Assessment Tool
for Assessing and Monitoring
Technical Performance in
Youth Footballers
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4.1 Introduction

The use of notational analysis in football is becoming an increasingly popular method of assessing
performance (Aquino et al, 2017). Recent research has attempted to develop observational tools
thatincorporatedigitalvideo captureandsubsequent analysiswithcomputer-basedsoftware, which
can assess and monitor technical performance within match and training contexts in youth football
(Cobbetal, 2018; Garcia-Lopezetal, 2013; Moreiraetal, 2017; Waldron & Worsfold, 2010).
Objective dataonspecific components of performance provides key stakeholders with information
toaidthetraditionallysubjectivecoachinganddevelopmentprocess. Althoughthisresearch
represents a positive step towards supporting the development of young players, one limitation to
the methods employed isalack of consistency in the methodological processes utilised for assessing
performance. Due to the complex nature of technical performance inarandom and unpredictable
team invasion sport, no globally accepted method of assessment has been identified (McKenzie &
Cushion, 2013). Itisof criticalimportance that any tool utilised for assessing technical performance
issubjectedtothesameappropriate processes of establishing validity andreliability aswith
developing measurement tools inany other scientific discipline, processes which have beenunder-

reported previously (Robertson et al, 2014).

Brewer and Jones (2002) proposed a 5-stage model for developing new, contextually valid,
systematic observation tools for the assessment of performance. This model provides a structured
and logical framework for establishing content validity, criterion-based validity andinter/intra-
observerreliability. Morerecently, Robertsonetal (2017)exploredpractitioneropiniononthe
measurement properties perceived tobeimportant whenselecting ordeveloping performance tests
withinthe field of sport and exercise science. Results revealed additional measurement properties
overlookedinthemodel proposed by BrewerandJones (2002), whichshouldalsobeconsidered
during test selection/development. These additional measurement properties include tests to
establishtest/retestreliability, responsiveness, discriminant validityand the smallest worthwhile
change. By incorporating these measurement properties and procedures outlined by both Brewer
andJones (2002) and Robertsonetal (2017) inthe development of anew observation tool, the
scientific robustness of such a tool should be improved and subsequently support the justification of
itsselectionforuseinthefield. Furthermore, atool that has withstood the rigour of methodological
scrutiny hasagreater chance of beingadoptedasa legitimate, validandreliable method of

performance assessment within the field.

The use of any measurement tool during scientific enquiry has a degree of error associated
withit. Thiserror can be aresult of random and/or systematic error. When selecting a measurement

tool, itis essential that its useris aware of the magnitude of this error and whether this magnitude is
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acceptable enough as to be considered appropriate foritsintended use. When investigating within-
subjectvariationoverrepeatedtestsinameasurementtool, themostappropriatevariablefor
calculationisthetypicalerror (TE) (Swintonetal, 2018). The typicalerrorrepresents thevariationin
observedscorescausedby measurementerrorwhenanindividual performsrepeatedtests. In
additionto TE, another measurement variable used toinvestigate performance changes over timeis
the smallest worthwhile change (SWC) (Hopkins, 2004). The SWC represents any ‘real’ changein
performance that lies outside the associated test variation. Calculation of the SWC allows
researcherstoidentifyany ‘real’ changeinperformanceandthe magnitude of thischange. By
identifying both TEand SWC, practitioners can notonly evaluate the reliability of the measurement
toolbutcanestablishmeaningful values which canfacilitate the longitudinal monitoring of

performance over time.

Therefore, theaimsof thisstudyareto 1) establish test/retest reliability (repeatability) of anewly
developedobservationtoolforassessingand monitoring technical performanceinyouthfootballers
and2) toestablishinterandintra-observer reliability. The author hypothesizes that the test, when
administeredinaconsistent and controlled environment, would provide a reliable assessment of

technical performance that would provide objective data for the benefits of player development.

4.2 Methods
4.2.1 Video Recording Data

Digital video recording data from habitual training sessions conducted within a Scottish Premier
League Academy was used in data collection. Video recording data was collected by the academy
performance analyst. Written participant and parent consent were obtained by the club as part of
their registration process and complied with the regulations set by their National Governing Body
regarding child protectionprocedures. Participantsinthevideo datawere 33 youthfootball players
(age: 14 +2.5years) who participatedinaseries of small-sided games (as described in chapter 3) as
part of their habitual training routine. Participants trained at the academy for an average of 8h per
week for approximately 10 months per year. Gatekeeper consent was granted following the issuing

of a detailed information sheet and consent form.

4.2.2 Tagging Procedure

Digital video recording data was uploaded to the performance analysis software Sportscode (Elite
Version 10) onalaptop computer (Apple MacBook Pro, United States). Aspecifically designed ‘code
window’ was used to collect frequency data of the key performance indicators (KPls) described in
chapter 3 (table 6). Detailed operational definitions of KPIswere provided to the observer to

enhancereliability (chapter 3). Thefrequenciesof eachtechnicalactionandaccompanying
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contextualdatawerecollectedusingthe ‘matrix’ featureinthesoftware. Everytimeaplayer
touched theball, theiraction wasrecorded. The software allowed the video recording to be paused,
re-wound and slowed down to ensure the appropriate action was correctly recorded and to limit the

possibility of an action being missed.

4.2.3 Establishing Reliability

Test/retest reliability was established by assessing technical performance in the small-sided game
formatin the first instance, then again within 14 days. Retests were not performed on subsequent
daystoaccount forthe effectsof anyaccumulatedfatigueandwithin 14daystoavoidanyreal
changeinperformance due to training and practice. The same participants took partinboth sessions
withteamsbeingrandomlygeneratedaspertheproceduredescribedinchapter 3. Assessments
were conducted at the same time of aday as per the previous assessment and under the same
conditionsaspartof theteamshabitual trainingsession. Playerswereaskedtorefrainfromany
intensive training prior to each technical performance assessment. Both the frequency dataand the
individual SEPIscores were used for test/retest reliability analysis. Inter-observer reliability was
established by comparing the frequency of actions observed between observer 1 (OB1) and observer
2(0B2). ThesamevideofootagewasusedforcomparisonbetweenOB1andOB2. Intra-observer
reliability was established by comparing the frequency of actions recorded inaninitial performance
assessmentbyobserver 1andthe frequency of actionsrecordedin the same assessment by the
same observer, 4 weeks following the initial assessment. Both observers were proficient in the use
of theperformanceanalysissoftwareandhad 3+yearsof previousexperienceasaperformance

analyst

4.2.4 Statistical Analysis

Frequency datawasusedforstatistical analysis. Theindividual SEPIswerealsoassessed forreliability
inthe test/retest measure. The SEPIs are calculated using frequency data as outlined in chapter 3.
An intraclass correlation coefficient (ICC) was applied for test/retest reliability and inter- and intra-
observer reliability measures (Swintonetal, 2018) toascertainif any differences existed between
measurement points and between observer observations (v.16; SPSSInc., Chicago, IL). ICC scores
were interpreted as: <0.5 =poor; 0.51-0.75 = moderate; 0.76-0.90 = good and > 0.90 = excellent
(Koo &Li,2016). Themeandifferencescorebetweentest 1andtest2, and the 95%confidence
intervals (Cl)werecalculatedasapreliminarystepforcalculating typicalerror (TE) usingthe
recommended protocol by Swinton et al (2018) to establish measurement error. As the assessment
toolsintendeduseincludesthe monitoringof technical performance overtime, thesmallest
worthwhile change (SWC) was calculated to enable the monitoring of technical performance over

time. The SWCwas calculated by using Cohen’s effect sizes (Cohen, 1988), where: SWC = effect size
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(0.2,0.50r0.8) * between-subject coefficient of variation (CV). Calculation of the SWC provides
meaningful resultsgenerated from the technical assessment that willenhance the feedback process

during player development.

4.3 Results

4.3.1 Inter-and Intra-Observer Reliability

Figure 6 shows theinter- and intra-observer reliability between A1 and subsequent observation
following a period of 4 weeks (A2) in OB1 and the inter-observer reliability between OB1 and OB2
performing the same analysis on one assessment. Results of the analysis report ICC’s for theintra
and inter-observer reliability of 0.963 and 0.908 respectively. Intraclass correlation coefficients of
ICC>0.90indicateexcellentintra- andinter-observerreliability within the observation tool (Koo &
Li, 2016)
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Figure 6. Figure 6showsthelnter (differencebetweenObserver 1and Observer2)andIntra-
Observer (difference between Observer 1 and Observer 1 within 14 days of first analysis) Reliability

Statistics between Observer 1and Observer2 (ICC=0.908andICC=0.963 respectively)

4.3.2 Test/Retest Reliability

Resultsof thetest/retestreliability ICCrevealedasignificant correlationforfrequency of actions

between assessment 1 (A1) and assessment 2 (A2) that were separated by period of 14 days (ICC =
0.966) (Figure 7). Theanalysis of individual SEPI reliability revealed moderate and goodreliability

between A1 and A2 for the 1°* touch and passing SEPI’s (ICC = 0.67 and 0.78 respectively) and poor
reliability for the ballmanipulationandshooting SEPI’s (ICC=0.43and0. 38 respectively) (figure8).
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Figure 7. Figure 7 shows the frequency of technical actions recorded by the observerintest 1 andin

the re-test within 14 days following the initial test (r = 0. 966).
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Table7. Table7showsthe measurementerrorcalculationsforanalysisof test/ re-testreliability. SD=standarddeviation; TE = typicalerror; Cl=confidence

intervals; SWC = smallest worthwhile change; SWC + TE = smallest worthwhile change + typical error

Key Performance Indicator

15t Touch SEPI
Forward

Side

Back

Ball Manipulation SEPI
1vi1

Skill/ Move

Drive

Passing SEPI
Forward

Side

Back

Short

Long

Penetrating Passes
Shooting SEPI
On Target

Off Target

Smash

Finish

Side Foot

Instep

15t Time

Not 15t Time
Decision Making
Best

Ok

Poor

Skill Success Under Pressure
(%)

Unforced Errors (%)

Test 1 Mean Test 2 Mean

(£ SD)

75.2 + 2.2
16.5 +2.8
45+15
6.3+1.9

56.1 5.2
1.3+1.3
4.6 +2.1
0.9+0.4

67.9 £ 6.3
11.9 £+ 3.7
7.8 £2.0
7.2+2.1
25.7 + 4.6
1.00 £ 0.9
2.34+1.4
54 +4.7
2.7 1.4
1.4+0.8
2.7+1.1

LNvow

+ + H+ + +

—_

- W = .
o -0
wylwonNn

w
—_

23.6 +4.3
9.7 3.2
4.5+2.2

79.4 £+ 6.2

11.7 £ 3.7

(£ (SD)

75.4 + 4.4
17 +7.2
5.1+1.9
6.1+4.4

54.2 + 5.3
1.1+1.8
4.4+4.2
0.7 +0.9

66.7 + 8.1
12.2 + 6.7
8.3+4.1
6.7 + 3.9
26.2 +9.5
1.00 £ 1.2
2.18 £ 2.0

53.6 + 4.0
3.2+2.4
1.4 +1.3

_, W m AN
N UTWww N o
W WO+

_,N =R AN
wwhwonwN

w
N

24.2 £ 9.6
8+4.5
5.6 +3.0

76.1 +12.8

13.4 £+ 8.0

TE

3.55
4.02
1.84
2.43

4.43
1.14
3.26
0.72

4.30
5.00
2.66
2.61
6.16
1.29
1.89

3.84
1.79
1.17
1.45
1.67
1.21
1.63
1.02
1.67

6.01
4.00
2.64

8.24

4.83

95% CI 95% CI
Lower (dif) Upper (dif)
-4.83 4.40
-5.94 4.50
-2.89 1.88
-2.95 3.36
-3.92 7.60
-1.40 1.56
-4.09 4.39
-0.71 1.18
-4,.43 6.76
-6.79 6.21
-4.11 2.81
-2.78 4.00
-8.51 7.51
-1.57 1.78
-2.34 2.58
-4.64 5.33
-2.09 1.74
-1.61 1.43
-2.22 1.55
-2.36 1.99
-1.85 1.28
-2.33 1.91
-1.65 1.02
-2.35 1.99
-8.86 6.77
-3.47 6.92
-4.41 2.44
-7.80 13.62
-7.92 4.64

SWC Small

1.00
1.14
0.52
0.69

1.25
0.32
0.92
0.21

1.22
1.42
0.75
0.74
1.74
0.36
0.54
1.08
0.51
0.33
0.41
0.47
0.34
0.46
0.29
0.47

1.70
1.13
0.75

2.33

1.37

SwC
Medium

2.51
2.84
1.30
1.72

3.13
0.80
2.31
0.51

3.04
3.54
1.88
1.84
4.46
0.91
1.34
2.71
1.26
0.83
1.03
1.18
0.85
1.15
0.72
1.18

4.25
2.83
1.86

5.83

3.42

sSwcC
Large

4.02
4.54
2.08
2.75

5.01
1.29
3.69
0.82

4.87
5.66
3.01
2.95
6.97
1.46
2.14
4.34
2.02
1.37
.64
.89
.37
.85
.16
.89

JEE I\ I U |

6.80
4.52
2.98

9.32

5.47

SWC+ TE
Small

4.55
5.15
2.35
3.1

5.69
1.46
4.18
0.93
5.52
6.42
3.41
3.35
7.90
1.65
2.43
4.92
2.29
1.55
1.86
2.15
1.55
2.09
1.31
2.14

7.71
5.13
3.38

10.57

6.20

SWC+TE
Medium

6.06
6.86
3.13
4.14

7.57
1.94
5.57
1.24

7.35
8.54
4.54
4.45
10.52
2.20
3.23
6.55
3.05
2.06
2.48
2.86
2.06
2.79
1.75
2.85

10.26
6.82
4.50

14.07

8.25

SWC+ TE
Large

1.57
8.56
3.9

5.17

9.45
2.42
6.95
1.55

9.17
10.66
5.67
5.56
13.13
2.75
4.03
8.18
3.81
2.57
3.09
3.57
2.57
3.48
2.18
3.56

12.81
8.52
5.62

17.57

10.30
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Resultsfromthemeasurementerrorreliabilityanalysisarepresentedintable?. Inadditionto
reportedICCs, the generation of the TE further enhance our understanding of the stability of
technical performance in this TEEM protocol between trials (TE = 0.12-8.24). The highest
measurement error (TE) in the current study was observedin the ‘decision making’ and ‘skill success

under pressure’ measurement variables (6.01 and 8.24 respectively).

4.4 Discussion

4.4.1 General Discussion

This study aimed to establish the reliability measurement properties of the newly developed TEEM
protocol. Results demonstrated that assessing technical performance inasmall-sided game format
using video and subsequent notational analysis is a reliable method of performance measurement
for certain aspects of technical performance in youth footballers. Intra- and inter-observer reliability
arethe most widely utilised reliability measures, and the high ICC’sreported for frequency dataare
consistentwith previousstudies (Cobbetal, 2018; Garcia-Lopezetal; 2013; Grehaigne, 1997;
Moreiraetal, 2017; Oslin, 1998). The moderate tostrongreliability reportedin two technicalactions
suggest that whentest conditionsare consistentand controlled, asinthisinstance, the TEEM
protocoldescribedinchapter 3isappropriateforassessingand monitoring certainaspectsof
technical performance in youth football players. Results of this study show poor reliability of ball
manipulation and shooting performance between trials. Due to the random and dynamic nature of
associationfootballand the match-to-matchvariation observedin competition performance (Liuet
al, 2016), areliable and easily administered assessment protocol is highly desirable within youth

football toprovide accurate objective feedback toaid the player development process.

The high test/re-test reliability reportedin the frequency datamay be partly explained by
the nature of the data being collected and analysedin the assessment protocol. Duetothe
constraintsappliedtothe TEEMprotocol (i.e., the consistent time, pitch size and player number) and
thefactthat the type of databeingcollectedisafrequency count of on-the-ball events, itis
probable that the number of on-the-ball events for anyindividual player within the given timeframe
of a 6-minute game will remain consistent between trials with only minor fluctuations occurring
possibly due to contextual factors such as motivation and fatigue (Badinet al, 2016). Inaddition, itis
unlikely that habitual player behaviour will change insuch ashort time-period (e.g., 14 days) due to
the long-term nature of technical performance development (Lehyr et al, 2016). Therefore, the
author surmises that a combination of a limited and consistent time period in which to perform on-
the-balltechnicalactionsandhabitual player behaviourwillresultinsimilar frequenciesof technical

actions being observed between trials, and thus partly explains the high ICC’sreported in this study.
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Furthermore, the lower number of frequency counts recorded in the ball manipulation and shooting
actions, as well asin some of the accompanying contextual information for each SEPI, resultin more
comparable counts between trials and consequently may offer an additional explanation to the high
ICC’sreportedinthefrequencydata. Incontrast tothe hightest/retest reliability of frequency data
reportedinthecurrentstudy, Clementeetal (2019) concluded that small-sided gameselicited ahigh
degree of variation between measurement points separated by one week and were therefore not
appropriateforreproducing consistent technical stimuli. These results are consistent with certain
technicalactionsinthisstudy (mainly the global ball manipulation and shooting SEPI’s). Clemente et
al(2019) reportedhigh coefficient of variationvalueswhichrangedbetween52.2and 133.8%.
However, thishighvariabilityasdeterminedbythecoefficient of variationperhapspresentsa
misleading picture due to an important aspect of calculation. The coefficient of variation calculation
involvesinclusion of the sample mean and standard deviation. It is expected that that the variation
intechnical performance in U11 football players is high and therefore this would be reflected ina
samplestandard deviation. Consequently, thiswould resultinahigh coefficient of variationsinceit
isa product of the standard deviation and mean. Swinton etal (2018) suggest that amore
appropriate measure of within-subject variation is calculation of the TE based on the difference
scores between the two trials, as adopted in the current study, which in turn would provide a more

complete assessment of test reliability.

Inthe case of inter- andintra-observer reliability measure, one possible explanationfor the
ICCvalues reportedin the current study is again the low number of technical actions performed in
certaincontextual elementsof theindividual SEPI’sand theirsimple operational definitionsthatare
easilyidentifiedbytheobservers. Forexample, inthecase of the ballmanipulationSEPI, one
contextual descriptor of aballmanipulationactionisanattacking 1v1situation. Fromthe
perspectiveof the observer, thissituationiseasilyidentifiableandis performed less frequently (1.3
+ 1.3 occurrences per assessment) than other technical actions such as a sidewards pass (8.3 4.1
occurrences per assessment). This low number of occurrences, combined with the simple
identificationof theevent, shouldresultinlittle variationbetweenobserversand multiple
measurement points within observers. Ahigh number of technical actions with similar properties,
would result in almost a perfect match when comparing the same dataset, and consequentlyina
high ICC, as observed in the current study. In contrast to this, there are also present key
performanceindicators which have a high number of occurrences and more subjective operational
definitions which are open tointerpretation. Examples of these are ‘decision making’ (Gonzalez-
Villoraetal, 2015) and skill ‘success under pressure’. Inthese circumstances, one would expect a

higher degree of variation within and between observers whichisreflectedin the fact that highest
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TE values reportedin this current study were associated with decision making and skill success under

pressure (table7).

During the design of this assessment tool, operational definitions were created to reduce
the subjectivity associated with the coding procedure. However, it could be argued that assessing
decisionmakinginarandom and chaotic sport, where any number of options regarding skill
executioncouldbeconsideredthe ‘best’, perhapsthedefinitionsprovidedaretoosimplisticto
provide anaccurate assessment of such acomplex key performance indicator. Lorains et al (2013)
and Garcia-Lopez et al (2013) both proposed observation tools for assessing decision making in team
sports using performance analysis and reported acceptable inter- and intra-observer reliability
statistics. However, inthe case of Lorainsetal (2013), the coding framework and number of
measurement variables involved in the analysis would significantly increase the time and labour
demands of the observation tool developed, which in turn, would reduce the practicality of the tool
intheintended environment. Furthermore, both Lorains et al (2013) and Garcia-Lopezetal (2013)
failedtoreportany measureof test/retestreliabilityandtherefore, furtherinvestigationisrequired
beforepractitionerscanbecertainthattheobjectivedatageneratedistrulyaccurate. Similarly, the
‘skill success under pressure’ measurement variable also poses the same problem. The subjectivity
associated withwhat constitutes ‘opposition pressure’ may explain the higher TE observed within
this key performance indicator. Competition constraints, such as ‘tight’ or ‘loose’ defensive pressure,
have been considered during previous reports when designing tools to assist with technical
performance analysis (Tengaetal., 2009). Despite the acceptable reliability statistics reported by
Tengaetal (2009), it remains difficult to ascertain whether a player feels ‘under pressure’ froman
opposing defender as thisis likely tovary fromindividual toindividual. Furthermore, the proximity of
anopposition player to the player in possession may not be the best indicator of opposition
pressure. The oppositionplayersintentiontorecovertheball, block passinganglesand their
intensity of pressing are all variables which should be considered during analysis. Further
investigationintothismeasurementvariableisrequiredtoconstructacleardefinitionwith
appropriate contextual parameters, which in turn could improve the reliability of this key
performanceindicator. However, duetothe potentialandsignificantimpact thatopposition
pressure could have on technical performance, the authors conclude that including it in the analysis

process iswarranted.

Results provide reliability measures which have been identified as critical stages in the
development of new observational tools for measuring technical performance (Robertson etal,

2017). The generation of essential reliability statisticsin thisstudy could be awelcome addition to
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the existing body of research in this topic. Only a few previous studies involving the development of
new observational tools forassessing performance have reported reliability statistics (Robertson et
al,2014). Previously, Oslinetal (1998)and Grehaigne (1997) reportedtest/retestreliability
measuresusinganintraclasscorrelationcoefficient. Theyprovidedearlyindicationsof the potential
performanceanalysis hasforassessingtechnical performance withincompetition. Incontrast, more
recentstudieshavefocussedtheattentionof theirreliabilitymeasuresontheinter-andintra-
observer reliability of their newly developed observational instruments (Cobb et al, 2018; Garcia-
Lopezetal, 2013; Moeiraetal, 2017; Waldron & Worsfold, 2010). Although theseare essential
measurement properties, they are only asingle step in the necessary requirements for establishing
scientifically robust measurement tools. Onefeature thatisconsistentin the research studies cited
here is a failure to report measurement error associated with the observation and or the smallest
worthwhilechange (SWC)forkey performanceindicators. Thesestatistics provide essential
informationfor monitoring performance over time, whichisakeyobjective of the proposed
observationaltoolinthisstudy. By performingthesametestprocedureatregularpointsduring
player development over a prolonged period, we canidentify any improvements (or regressions) in
technical performance. The availability of this objective information can provide coaches and
practitionerswithvaluable dataregarding the development of eachindividual player and even the
impact of the coaching curriculumonateambasis. Reporting of the TEand SWC allows for the
identification of any meaningful changes in technical performance over time - a crucial process in
the development of young academy footballers. Establishment of the TE allows the assessment tool
user to recognise the measurement error associated with it and subsequently, by combining TE with
the SWC, conclusions about meaningful changes in technical performance which lie outside the TE +

SWC parameters can be drawn.

Insummary, results of the reliability analysis conducted in this study reveal moderate to
goodreliabilityinthe 1st touch and passing SEPI’s respectively and poorreliability in the ball
manipulationandshooting SEPIs. Additionally, theintra- andinter-reliabilityanalysisdemonstrated
excellent reliability within arepeated observation of the same video footage by the same observer
and between observers analysing the same video footage. The frequency count data demonstrated
excellentreliabilitybetweentwomeasurement trials separated by 14weeks, however, theseresults
shouldbeinterpretedwithcautiongiventhe previously stated potential explanationsforthis
regarding low frequenciesinsome technical actions. This study, to the authors knowledge, isone of
thefirsttoreportmeasurementerror (TE)and SWCinanewlydevelopedobservational tool for
assessing and monitoring technical performance in youth footballers. In this study, only the large

SWCisgreater than the TE in most variables. Inanideal situation, the SWC must be greater than the
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TE to ensure any change in performance is a result of actual improvement in performance rather
than due to measurement error or variation. This may suggest that measuring technical
performance inthe TEEMis insufficient for detecting small changes in performance. By taking this
into consideration, the authors propose that either the large SWC isused tointerpret results or the
TEandSWCarecombinedtoensurethatchangesbeyondthemeasurementerrorarelikelytobe
meaningful changes in performancein the landscape of long-term player development, the author
suggests that dataiscollected over an extended monitoring period where greaterimprovements (or
decrements)inperformancewilloccur. Furtherresearchisrequiredtoestablishifthecurrent

observationaltoolissensitiveenoughtodetect changesintechnical performanceovertime.

4.4.2 Limitations

Despite the good reliability statistics reported in certain aspects of the TEEM protocol in this study,
severallimitationshavebeenidentified. Firstly, therandomteamre-configurationaftereachmatch
mayresultinplayersbeingrequiredtoplayinun-natural positionsonthefield. Thisinturnmay
affect the players behaviour when in possession of the ball which may give aninaccurate portrayal
of player habits. Perhaps, the configuration of the teams should involve a process whereby playing
positions are accounted for to ensure awell-balanced team structure. This would give players the
opportunity to play in their preferred positions during all games even if personnel are rotated. As a
result, variationinthe contextual parameters of skill execution, suchasdirection of passes, could be
reduced. Secondly, more work should be conducted to reduce the subjectivity of some key
performance indicators such as decision making and skill success under pressure. Further work is
requiredtodevelopcleareroperational definitions, whichcontainmore contextualinformation that
cover all situations observed during match play. For example, when coding for decision making,
additionalinformationonwhether thedecisionwas ‘best, okorpoor’ due toincorrectoption
chosen, incorrect selection of skill or any variation of these behaviours could provide more
meaningful feedback toaid player development. Lastly, oneimportant factorthatshouldbe
considered is the individual biological maturity of the players involved in the assessment. Moreira et
al (2017) demonstrated that hormonal status plays an influential role in technical performancein
youth footballers. One possible explanation for thisis playerswho are at earlier stages of maturation
may alter their behaviour when playing amongst players who are at a later stage of maturation. For
example, asmaller player whose natural behaviour is to take playersonin 1v1 situations may have
toalter their behaviour due a deficitin physical power when accelerating away after askill/ move.
Therefore, one adjustment to the current protocol which could alleviate thisissue is by grouping

playersaccording to their biological age asopposed to their chronological age (Bradley etal, 2019).
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Asaresult, apossiblereductioninvariation between trials may be observed, however, further

investigation into this methodological approach is required.

4.4.3 Practical Applications

Tothe authors knowledge this studyis one of only very few studies toreport the test/retest
reliabilityandassociatedmeasurementerrorof asimpleandeasilyadministered protocol for
assessing and monitoring technical performance in youth footballers over time. The generation of
the typical error and smallest worthwhile change enables identification of meaningful changes in
performance over time. Whilst the establishment of typical error and smallest worthwhile change is
apositive stepin the development of this assessment tool, interpretation of performance changes
must take into consideration the measurement error associated with performance between trials.
Thetypicalerrorreportedin thisstudyis oftengreater than the SWCand medium SWCwhich
suggests that the assessment protocol may be insufficient for detecting small changes in
performance. Inspite of this, the objective feedback can add value to the player appraisal process
which will support the traditionally subjective opinion of coaching experience. Furthermore, the
breakdownofaplayer’stechnical performance providesvaluableinformationduringthe goal setting
processinthe formation of individual player development plans which could subsequently stimulate
players to engage in focussed deliberate practice. Given the poor reliability of ball manipulation
actions, shooting actions and some contextual key performance indicators, practitioners should
decide whether or not these should be included in the analysis. One argument for including these
technical actionsis that they could be considered ‘game changing actions’. Forexample, although
actionssuchasattacking 1v1’sand shooting ability are highly variable, is the ability to be successful
inthissituationvaluedevenif successissporadic? Andis part of thedevelopment processabout

practicing the consistency of these actions and reducing variability?

4.5 Personal Reflection and Professional Skills Development

Duringthisstageof myresearch, Iwasrequiredtoengage thelearningof anewskill. Anessential
component of my newly developed assessment tools design involved notational analysis through the
use of the performance analysis software SportsCode, of which | had no previous experience. Inthe
early stages, using this software was frustrating as | was a complete novice. | felt that the software
wasveryadvancedandthatlwouldstruggletogeneratetheresultsIneededinatimeefficient
manner. Below are two extracts from myreflective diary which convey my feelings and anxieties at

the time and how my views began to change after a period of perseverance:

“HadagowithSportsCode triallingcodingparameterswhichlcouldpotentiallyuse for

thetool. Ifelt that this process was over-complicated and perhapsabit more
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complicated thanit needs to be. | also had a go at trying the coding process using a hand
notation system. | found that this was very labour intensive as it only allowed for one
player tobe analysed at a time. After using Sportscode felt that the data output was
alsovery messy and required alot of work to tidy it up so that it could be worked with. |
ambeginning to fear that the tool may be impractical when timely assessment of many
playersisrequired. Furthermore, |ambeginning the question the whole process...who
caresabout this data? Will it make adifference? Will the coaches/ managers value the

information that is being provided?Is it worthwhile?”

“lwas feeling abit disheartened afteryesterday’s trial. | decided to have aplay about
with SportsCode again toseeif I could find away to speed up the process. | realised what
the problem was...I had the video in 6 games instead of one bigvideofile. | triedit with
thismethod and tagged 3 players at the same time. It took me about 20 minutes and the
dataoutputwasbrilliant, it requirednomanipulationor tidyupsothatit couldbe
presented. Thiswasagood break through. Furthermore, after | had alook at the datait
gaveme, | had alook back at previous data gathered ayear or soago (before the
beginning of my prof doc) and the performance index method seemed alot more stable
thanpercentagesuccesswhichlhadfoundintheresearch. Thevariationwasmuch
lower, sol think thisis the way to go. | feel a lot happier with today’s breakthrough and
amnow excitedabout theprocess. |showedanexampleof thedatait couldprovide
about theplayers tomyHead of Coachingand he alsowas quite excited about the
potential of objective feedback that we could provide with the players. Also, we hada
discussionabout how we coulduse the toolif I canproveitsvalidityandreliability. After
reviewing the datawith the Head of Coaching and Head of Youth, it provided themwith
some evidence which supported their subjective opiniononone of the players who they
wereonthe fence about whilst decidingwhotooffer full time contracts to. Although, at
thisstagelrecommended that thedatashouldnotbeusedtobasedecisionsof thisir
magnitude on, they said that it confirmed their opinionand validatedit. Asaresult, |
think the player maybe of feredafull-time contract tobegininthe summer. Thiswas the
kindof thinglwantedthe tool tobe capable of, so that players who have potential

aren’t let go and overall, | was proud of this”

Asmy project progressed, | began to feel more confident with the software. The process of
continually learningand watching YouTube tutorialsallowed me toexplore moreadvancedfeatures.
Learning to use this software effectively has turned out to be extremely beneficial asin my current

role (atthe timeof writing this), lamusing the concept of objective dataforplayerandteam
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development at afirst team level where | am utilising this software during analysis to provide

performance insights to coaching staff.

Inreference to theresearchand professional aimsand objectives setin Chapter 1, the professional

learning outcomes obtained from this stage of my project were identified as:

o Todevelop research and technical skills

e Todeveloptransferable knowledge, conceptsand processes whichcanbe utilisedinother
contexts
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CHAPTER 5: Establishing

the Criterion-Based Validity of
a Newly Developed
Assessment Tool for Assessing
and Monitoring Technical
Performance in Youth
Footballers
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5.1 Introduction

The technical demands of elite football performance have increased exponentially over the past
decade (Barnesetal, 2014). Previous researchhasdemonstrated thatasignificant correlation exists
betweenthetechnical performance of ateamandsubsequent teamsuccess (Liuetal, 2016;
Rampininietal, 2009). Despitetheavailabilityof thisinformation, researchinvestigatingthe
assessmentandmonitoringoftechnical performanceinbothyouthandseniorplayersisunder-
represented compared with other domains of research within the sport (Reilly & Gilbourne, 2003).
Onereasonforthisdisparity couldinvolve the complexity of technical performance, andthe
difficulty with measurementin a continuous sport that is highly dynamic and spontaneous in nature.
However, recentadvancesintechnologyhave providedcoachesandpractitionerswithtoolsto
objectivelymeasuretechnical performancewithinthesport (Farrow &Robertson,2017). The
availability of suchtechnology presentsresearcherswithanopportunity toinvestigate thisrelatively
un-explored area of performance and further enhance our understanding of technical performance
toaidplayerdevelopment. Earlymodelsof skillassessment, derivedinphysical educationliterature,
have provided frameworks upon which new models, utilising modern technology, can be developed
(Grehigne, 1997; Oslin et al, 1998).

Withinpreviousresearch, numerous methodshave beendesigned toassess technical
performanceinfootball (Lehyretal, 2018; McDermottetal, 2015; Waldron & Worsfold, 2010). Each
assessment toolvariessignificantlyinitsmethodological constructsandrepresentsboth ‘closed’ skill
tests, performed inisolated test conditions outside of competitive performance, and ‘open’ skill
tests, performedwithinasimulatedvariation of thecompetitionenvironment. Although this
research presents asignificant contribution to the existing literature, several aspects of research
methodology mustbetakenintoconsiderationbeforeanytool canbeconfidentlyadministered
within a practical setting (Robertson et al, 2014). One important aspect of research methodology
which has beenoverlooked in most studies relates tocriterion-related validity and the relationship,
if any, that exists between performance in a test and in competition. For a performance test to be
trulyvalidwithinapracticalsetting, practitionersandcoachesmustensurethatwhattheyare
measuring and monitoring in vivo, is correlated to the intended performance outcome, in this case
competition performance. To the authors knowledge, there are limited research studies that have
investigated the correlation between technical performance ina test and competition technical

performance infootball.

Rubajcyk and Rokita (2015) reported that young football player’s performance in two
isolated dribbling performance tests did not correlate well with technical performanceina5v5

small-sided game scenario when judged by a panel of experts. Two possible explanations for this
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couldinvolvethesubjective method of performanceassessmentduringthesmall-sidedgame
scenarioandthelackof specificity of thefootball-specific testsselected tocompetition performance
(Bergkampetal, 2019). Themethod of performance assessment utilised within the small-sided game
protocolencompassedanopinion-based appraisal of performancebyexpert judgeswithaco-
efficientof variationrangingbetween 34.12and 37.86%. The high variability observedinthis
method of assessment suggests that a more reliable and objective method of performance
assessment is desired. Inrelation to the selection of football-specific performance tests, various
authors have reported that a lack of requirement for decision making, information gathering from
playersurroundings, andlackof oppositionpressureduringisolatedperformancetestsdoesnot
reflect performanceincompetitivesituations (Bergkampetal, 2019; Vaeyensetal, 2008). In
support, Rubajczykand Rokita (2015), and Wilsonet al (2017) reported anon-significant relationship
between performance in isolated football-specific performance tests and individual match efficiency
(successfulskillattempts/number of attempts)incompetitive 11vs. 11games. RubajczykandRokita
(2015)suggestedthat thelackof relationship couldbe duetothe externalfocusdemandduring
‘closed skill’ performance tests compared to competition demands. Furthermore, 3-year longitudinal
data from 1134 youth players on a German TID programme reported that performance in isolated
passing, dribbling, ball control and shooting tests did not successfully discriminate between adult
performancelevel (Leyhretal., 2018). Although amultitude of factorscontribute to the ‘elite’ adult
performance levels that lie outside the facet of technical performance, they concluded that their
selected test battery may not correlate well with competition performance and hence, may be a
poor predictor of performance. Information generated from these studies provide valuable insight
intoperformance andhighlights the need for the development of anassessment protocol that
better reflects competition performance. It is likely that the absence of external stimuli during
‘closedtest’ protocolsplaysacriticalroleinthe predictivevalueof theseteststocompetition

performance, which can be complex and chaotic in nature.

Intop-level professional football, technical performance within competition can now be
monitored thanks to advancements in modern technology (Liuetal, 2016). Longitudinal technical
performance tracking within competition could provide a feasible method of assessment which will
empower key stakeholders withvaluable insight into individual and team performance. However,
despite theavailability of this technology and service provisionin the professional game, at present,
nosuchserviceisavailablewithinyouthfootballduetofinancialandoperational constraints.
Consequently, tomaximise player development, itisof criticalimportance that anassessment tool is
developed that provides meaningful information and has a strong predictive value towards

competition performance. Duetothesubstantial variationintechnical performance during
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competitive match performance (Liuetal, 2016), and the associated constraints highlighted within
academy football for match datacollection, training performance could provide a feasible method
forassessing technical performance. However, before application of such an assessment withina
training context, work must be done to explore the relationship (if any) that exists between training
and competition performance and to ascertainif training performance carries any predictive value
towards performance inacompetitive situation. The use of small-sided games has become a popular
training modality within football (Sarmento et al, 2018). It has been extensively documented that
small-sided gamescansuccessfullyreplicate technical, physical and tactical competition demands
(Dellaletal,2012). Withinexistingliterature, ithasbeensuggested that theuseof small-sided
games may be a suitable method of assessing technical performance due to their similar demands
compared withcompetition performance (Bennettetal, 2017), however, furtherinvestigationinto
their measurement potential is required. Therefore, the aim of this study is to explore the
relationship between technical performance observed in a small-sided game assessment protocol
andincompetition. Itwashypothesized that arelationship existsbetween technical performancein

the TEEM protocol and competition performance.

5.2 Methods

5.2.1 Experimental approach to the problem

The purpose of this study was to explore the relationship between technical performance inasmall-
sidedgametechnical performanceassessment protocol (TEEM)andtechnicalperformancein
competition. Thisstudy intends to establish criterion-based validity, which represents one stagein
the development of new systematic observation tool for assessing technical performance inyouth
football (Brewer & Jones, 2002; Robertsonetal, 2017). Technical performancein the TEEM protocol

was assessed using the methods outlined in Chapter 3.

5.2.2 Video RecordingData

Permission to access the video recording data of a Scottish Premier League Football Academy was
requested. As part of the club’s development programme, TEEM’s are performed bi-annually to
provide objective feedback to all academy players. All technical assessments and competitive
matches are video recorded by the club’s academy performance analyst and stored on the club’s
internaldatabase. Datafromonetechnicalassessmentandmatchfootage from3competitive
matcheswereusedfrom21academyplayers(aged17+1.6years). Test/retestreliabilityof the
TEEMwas established in chapter 4 and therefore, due to time constraints, the decision was made to
useonly 1technicalassessment foranalysis. Only players who had completed the technical

assessment and participatedin 3 full 90-minute competitive matches wereincluded inthe analysis.
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Duetothevariability observed within performanceincompetitivematches (Liuetal, 2016),
McKenzie and Cushion (2013) recommend that a minimum of 3 matches are required for analysis to
account for the contextual variation in performance. Examples of these contextual factors which
play aninfluential role in competition performance include opposition quality, team tactics and
environmental conditions. In line withacademy procedure, all academy players and parents are
requiredtosignaninformedconsentdocumentwhichensuresthatallplayersandparentsgive

permission to be photographed and filmed within academy training and matches.

5.2.3 Coding Procedure

The coding procedure and operational definitions for football actions used for analysis in both the
technicalassessmentandthecompetitivematchesareoutlinedinchapter 3. Acceptabletest/ retest
reliabilityandinter/ intra-observerreliability for the TEEMwas previously established (chapter4).
The same code window (Hudl Sportscode, Elite Version 10) was used for the technical assessment
and match analysis to ensure continuity between performance measures and observer training was

completed prior to the analysis procedure to ensure observer competence.

5.2.4 Statistical Analysis
Frequencydatawasgeneratedfromtheanalysissoftwareandwasusedforsubsequentanalysis.
The average number of actions performed over the 3 competitive matches was used. The technical
performance frequency data from the TEEM and competitive matches were compared. The
frequency of technical actions was selected for comparison between the assessment protocol and
thecompetitivegamescenariofortworeasons: 1) toensurethatallkeyperformanceindicators
were being recorded in both scenarios and 2) to compare any differences in player behaviour in the
two different contexts. For example, does a player play with more freedom during the assessment
protocolinatrainingenvironment comparedwithacompetitivesituationwherethereismore
pressure to performwhichwill consequently thiswill affect their habitual behaviour. Inaddition, the
‘Skill Efficiency Performance Index’s’ (SEPI, see chapter 3) in the technical assessment and in the
competitive matches were compared. Furthermore, toassessdifferencesinthe frequency of actions
between performance in the TEEM and competitive matches, the number of actions performed per
minutewascalculated. Thiswasdonebydividingthe numberof actionsattemptedbythetotal
playing time (inminutes) of each scenario (36 min for TEEM and 90 min for competitive matches). All
datawereanalysedusing the SPSSstatistical analysis software package (v.16; SPSSInc., Chicago, IL).
If no successful or unsuccessful actions were recorded in the 4 main SEPIs in either the assessment
protocolorover the 3 competitive matches, data were excluded from the analysis. Thisresultedina
sample size of only 141in the shooting SEPI. Actions were observed across all other SEPIs. Data were

testedfornormality using the Shapiro-Wilknormality test (P >0.05). Results of thenormality
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indicated that the frequency datawas not normally distributed and therefore selection of anon-
parametric test for subsequent analysis was required. Incontrast, the Shapiro-Wilk normality test
revealed that the SEPI data followed a normal distribution. For the frequency data, aSpearman’s
RankCorrelationtestwasusedandfortheSEPldata, aPearson’sCorrelationtest wasusedto
investigatetherelationshipbetweenperformanceinthetechnicalassessmentprotocoland
performanceinacompetitive match. The strength of the correlation wasinterpreted using the
guidelinesrecommended by Evans (1996) where r=0.00-0.19 - very weak; 0.20-0.39 - weak; 0.40-
0.59 - moderate; 0.60-0.79 - strong and 0.80-1.00 - very strong.

5.3 Results

5.3.1 Frequency Data

ASpearman Rank correlation coefficient analysis between the number of key performanceindicator
actionsperformedinthetechnicalassessment protocolandoveranaverage of 3competitive
matcheswasconducted (figure9). Results of the analysisidentified amoderate correlation (r=0.42
+0.17; range =0.10- 0.71) between the frequency of actions performed in the assessment protocol
and the average frequency of actions performed over 3 competitive matchesinyouth footballers.
The frequency of actions performed in the technical assessments, the average frequency over 3
competitivegames, theassociated correlation coefficientsand the number of actions performed per
minute can be seenin table 8. The frequency of actions performed per minute was greater in TEEM
protocol compared with the frequency of actions performed over the 3 competitive matches (0.22
actionsper minutevs. 0.06 actions per minute respectively) despite the greater length of time spent
in competitive matches compared with the assessment protocol (90 vs. 36 min respectively). The
percentage of actions attempted under pressure was greater during competitive matches compared
with the TEEM (51.2 vs. 46.5% respectively)

5.3.2 Skill Efficiency Performance Index (SEPI) Data

The SEPI’s for each of the 4 key performance indicators (1°* Touch, Ball Manipulation, Passing and
Shooting) in the TEEM and the average over 3 competitive matches can be seenin table 9. Pearson
correlation analysis revealed a trivial to strong correlation (figure 10) between technical
performanceinthe TEEM and the average technical performance over 3 competitive matches (r=
0.05-0.73).Thestrengthofthecorrelationineachof theindividual SEPIsbetweenthe TEEMand
the average over 3 competitive matches can be seenintable 8. In 3 of the 4 SEPIs, performance was

higher in the TEEM compared with the average over 3 competitive matches.
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Figure 9. Frequency of actions performed in each of the key performance indicators in the TEEM (n=

1) compared with actions performed during competitive matches (n = 3) (r =0.42 + 0.17).
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Figure 10. Theindividual SEPI’s observedin the TEEM compared with the average SEPI’sobserved

over 3 competitive matches (r = Pearson Correlation Coefficient)
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Table 8. Differencesin the frequency of actions performedin the TEEMvs. the average of 3

competitive matches and correlation coefficients. Significant correlation coefficients are represented

by * (p < 0.05)

KeyPerformance
Indicator

15t Touch Successful

15t Touch Unsuccessful
Forward

Side

Back

[l Manipulation Successful

Manipulation Unsuccessful
vi1

Skill/ Move

Drive

Passing Successful

Passing Unsuccessful
Forward

Side

Back

Short

Long

Penetrating Passes
Shooting successful
Shooting Unsuccessful
On Target

Off Target

Smash

Finish

Side Foot

Instep

1t Time

Not 1t Time

Decision Making
Best

Ok

Poor

Pressure

Tight

Loose

% of Actions Under Pressure
Unforced Errors

Assessment
Mean (£SD)

26.6 +7.7

1.4:1.4
16.1 + 6.0
5.0+2.3
6.8 +3.7
4.21+3.0

1.0+ 1.1
1.3+1.6
3.6+2.9
1.3 +3.1
22.5%5.5

45+ 2.4
12.9 + 5.1
7.6 2.7
6.6 £ 3.2
25.8+5.6
1.2+1.2
4.0+3.6
1.5+2.0

3.1+£2.2
2.8+2.9
1.8+1.5
2.8+2.7
1.8+1.6
1.2+1.1
3.2+ 3.1
1.6 £+ 1.6
2.9+3.3

25.9 + 8.9
7.0 £3.6
4.0+2.5

30.1 +10.8
34.6 +9.0
46.5
2.5+1.7

Competitive
Matches Mean
(+ SD)

17.8+7.1

1.4+£1.0
11.2+4.7
4.7 +£2.1
3.4+2.9
1.8+1.8

0.8+1.0
0.3+0.7
1.8+1.6
0.4+0.7
16.1 £+ 5.9

4.8 +2.4
9.8 +4.6
7.0+2.7
4.1+2.3
18.4+ 6.5
2.4+1.9
2.9+2.3
0.1:0.3

0.6 0.8
0.4+0.6
0.3+0.6
0.5+0.6
0.3+0.6
0.1+0.3
0.6 +0.8
0.3+0.5
0.5+0.6

16.8 + 6.0
3.6 +2.2
3.8+2.0

22.2 +10.7
21.2+9.5
51.2
2.2+1.3

Correlation Assessment

Coefficient  (actions/

min)
0.64 * 0.74
0.22 0.04
0.50 * 0.45
0.17 0.14
0.71* 0.19
0.55* 0.12
0.52 * 0.03
0.61* 0.04
0.61* 0.10
0.34 0.04
0.57 * 0.63
0.26 0.13
0.42 0.36
0.42 0.21
0.32 0.18
0.32 0.72
0.48 * 0.03
0.58 * 0.11
0.60 * 0.04
0.27 0.08
0.57 * 0.08
0.30 0.05
0.36 0.08
0.35 0.09
0.51* 0.03
0.31 0.09
0.10 0.04
0.58 * 0.08
0.61* 0.72
0.14 0.19
0.28 0.1
0.66 * 0.84
0.39 0.96
0.17 0.07

Competitive
Matches
(actions/ min)

0.20

0.02
0.12
0.05
0.04
0.02

0.01
<0.00
0.02
<0.00
0.18

0.05
0.10
0.07
0.02
0.20
0.03
0.03

<0.00
0.01

<0.00
<0.00

<0.00
<0.00
<0.000
0.01
<0.00
0.01

0.18
0.04
0.04

0.25
0.24

0.02
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5.4 Discussion

5.4.1 General Discussion

Thisstudy, totheauthorsknowledge, wasoneof veryfew toexploretherelationshipbetween
technical performanceinasmall-sided game-based assessment protocol (TEEM) and performance
during competitive matches. Thisstudy attempted to establish the criterion-based validity of the
TEEMandsupporttheuseofsmall-sidedgamesasameansofassessingtechnical performancein
youthfootball (Bennetetal, 2017). Thisstudy reportsamoderate correlationbetweenthe
frequency of actions performed in the TEEM and the average number of actions performed across 3
competitive matches and amoderate correlation between the SEPI score achievedinthe TEEM and
theaverageSEPIscoreachievedacross 3competitive matches. Thewiderange of correlation
coefficients observed in both the frequency data and the separated SEPI data in this current study
perhaps highlights the complexities in assessing human behaviour in a random and chaotic

environment.

Onefactorthat maycontribute tothe varying strengths of correlation coefficients observed
inthis study is the low prevalence of occurrences in some of the actions/behaviours within both the
TEEMandinacompetitionenvironment. Forexample, if thereisaconsistently low number of
actions recorded across all participants in both the TEEM and in the competition environment (in
particular the contextual information accompanying the shooting and ball manipulation technical
actions), then consequently, thiswill resultinastrong correlation between the two measures due to

thesystematic processofrankorderingwhichisappliedduringthestatisticalcorrelationtest.

Table 9. Table 9 shows the descriptive statistics for the SEPI score inthe TEEM and the average SEPI

score over the 3 competitive matches. SD = standard deviation

Competitive
Assessment Matches Mean
SEPI Mean (x SD) (x SD)

15t Touch 75.7 £ 4.6 70.1 + 4.6

Ball Manipulation 55.8 £ 4.7 52.0+ 3.0
Passing 68.9 +5.6 63.3+5.3

Shooting 46.9 + 3.3 48.3 +1.33

Furthermore, in technical actions/behaviours where frequency counts are low, it is difficult
to draw meaningful conclusions about how performance inone situation relates to another if there
islimitedinformation (low frequencies) on the proficiency of that technical action. Thiswas the

reason for the inclusion of the SEPI. As a result, a misleading interpretation of the true strength of
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the relationship is provided. To accommodate for this phenomenon during analysis of frequency
data, itisof criticalimportance that each measure records an adequate number of occurrences to
ensure that true inferences about the strength of the relationship can be postulated (Hughes et al,
2001). Asimilar study conducted by Cobb et al (2018) reported similar limitations when designing a
newly developedsmall-sided game-based protocol whereby specific technicaland tactical events
with low a frequency of occurrences reduced the reliability of their tool. The process of technical
actions/ behaviours stabilising over timeisknown as ‘normative profiling’ andis predicated on the
fact thatactions which occur with ahigher frequency are associated with less ‘noise’ and therefore
any analysis can be conducted with more precision (O’ Donoghue, 2005). Although, itisevident that
the TEEMin this study allowed for greater repetition of actions compared with a competitive match
(table 8), sometechnicalactionsrequiresubstantially moredatatobecollected throughout

subsequent observationsinthe TEEMand/ or competitive matches for performance to ‘stabilise’.

Inthecurrentstudy, theglobal SEPIscoreswereselectedasaperformance measureto
account for the low prevalence of certain technical actions. Memmert and Harvey (2008)
recommendedtheuseof aperformanceindexovertheuseof percentage successtoreducethe
variation observed inscores due to low frequency counts. For example, if a player performs one shot
on goal and this shot is successful, the corresponding score in the percentage success model would
be100%. Ifthesameplayerweretoattempt10shots, itisunlikelythat the percentagesuccess(in
thiscase 100%)willremainconstant. ByadoptingtheSEPI, thecorrespondingvalueforthesame
situationwouldbe52.4. Asthe playerachievesmoresuccessfulshots, the SEPIwouldincreasein
smaller, gradual steps. As the player achieves more successful shots, the concomitant and steady
risein performance score also reflects our confidence in true performance levels. These smaller
fluctuationsin performance score are also associated with lower variation. When the SEPI scoresare
comparedinthe TEEM compared with competitive match play, the correlation coefficientsreveal a
moderate to strong correlation 3 of the 4 SEPIs (1% Touch, ball manipulation and passing) and a very
weak correlationinshooting. One explanation for the very weak correlation inshooting could relate
againtothe low frequency of occurrencesinmatch play comparedwiththe TEEM (table 8). In
football, thereisaconsistent trendinagreater number of unsuccessful shotscomparedwith
successful shots, as scoring goals could be considered the most difficult part of the game. With more
opportunities to shoot during the TEEM, it is perhaps expected that the shooting SEPI is lower (due
tomore unsuccessful shots) compared withcompetitive matches where thereisasignificantly lower
number of shots per match. With the exception of the shooting SEPI, greater stability is offered in

the global SEPI scores when compared with the contextual measures accompanying the SEPIs (e.g.,
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direction of pass) as measured by frequency counts that present varying strengths of correlation to

match performance.

Totheauthorsknowledge, thereislimited existing researchinvestigating the relationship
between performance in asmall-sided game-based scenario and competition performance. The
investigation of this relationship represents a critical step in establishing the criterion-based validity
ofanyassessmenttooldesignedformeasuringtechnical performance (Bergkampetal, 2018).
Bergkamp et al (2020) investigated this relationship and employed a similar research design to this
study. Theyreportedmoderatecorrelationsin6 of the 9selected performanceindicatorsand
trivial/small correlations in the remaining 3. Whilst the key performance indicators selected for
analysiswere different between the study by Bergkamp et al (2020) and the current study,
Bergkamp et al (2020) reported similar correlation coefficients for forward passes (0.38 vs. 0.42
respectively) and a small differencein shots on target (0.38 vs. 0.57 respectively). However, two
mainsignificant differences exist between the current study and the study by Bergkamp et al (2020).
Firstly, the number of key performance indicators selected within the current study was more than 3
times that in the study by Bergkamp et al (2020). In reflection, the contextual information
surroundingeachactionwasimplementedinthisstudytotryandcapture playerbehaviourand
playing habits, however, the low frequency counts in some of the performance indicators may only
add tofurther ‘noise’ and a lower correlation to match performance instead of adding value. It may
be the case that a lower number of specific key performance indicators, as adopted in the study by
Bergkampetal (2020), maybeadequatetoprovidethenecessaryvalue. Secondly, therelative
playing area per player wassignificantly different inboth studies. Inthe current study, the pitchsize
(100m2/ player)wasselected toreplicate game demands as close as possible following the
recommendationsby Fraudaetal (2013). Whenusing the same extrapolation of pitchsizesas
suggested by Frauda et al (2013), the relative playing area per player in the study by Bergkamp et al
(2020) would be 184m?2/ player which may inadvertently affect player behaviour due to different
playing constraints such as the space to play longer passes. Perhaps future investigations should
apply the key performance indicators (with accompanying contextual information) adoptedin the

current study toascertainif the larger pitch will observe changesin player behaviour.

Results of the current study demonstrate a trivial to strong correlation between technical
performanceinthe TEEMand during competition. However, closer examination of the individual key
performanceindicatorsrevealsawiderange of variationin thecorrelation coefficients. Although not

alltechnical actions/behaviours performedinasmall-sided gameenvironment are strongly
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correlatedtomatch performance, thisstudycontributesastep towardsunderstanding how
technicalperformanceinatrainingscenariotransferstothecriterionperformance. Itisofthe
authorsopinion that although small-sided games present a practical and viable option for assessing
technical performance with moderate task-representativeness, they fail to replicate the behavioural
technical demands and intensity of competition entirely. This difference in playing intensity is
perhaps supported by the higher percentage of actions attempted under pressure observed during

competitive match play compared with the TEEM (table 8).

5.4.2 Limitations
Despite the varying strengths of correlation between individual technical performance measuresin

the TEEM and competition performance observed in the current study, three main limitations were
identified which could have improved the correlation coefficient further. Firstly, the collection of
more data would have given the technical actions/behaviours a higher frequency count whichin
turnwould have given them the opportunity to ‘stabilise’. Realistically, this datacollection process
would have extended beyond three competitive matchesand would also encompassahigher
number of observations in the TEEM. In the study by Bergkamp et al (2020), players participatedin
between 11-17 small-sided games in comparison to just 1 in the current study. Furthermore, Hughes
etal (2004)suggestintheir fieldhockey examplethatit maytakeasmanyas30matchesforthe
number of shots key performance indicator to stabilise. Secondly, participantsin the video footage
were senioracademy players (aged 15+), which limits the generalisability of the findings to younger
players, asitis possible that younger players elicit greater variation in performance due lower skill
levels. Lastly, theeffect of growth and maturation was not accountedfor during the TEEMor
competition performance. Although it is possible to group players according to their biological age
ratherthantheirchronological age, itisimpossible tocontrolfor the oppositionteamduring
competition without the application of a performance strategy detailing specific rules and
regulations from the governing body. Therefore, it is possible that later maturing players display
lower performance levels when competing against earlier maturing players which does not reflect

their true performance capabilities.

5.4.3 Practical Applications

Findings fromthisstudy suggest that the TEEM may offera practical and feasible method for
assessing and monitoring technical proficiency as measured by the global SEPIs discussed
throughoutthisthesis. Theauthorrecommendsthatwhenimplementingthe TEEMprotocol,
measuresshouldalsobe takentoensure playingintensityisashighaspossibletobetterreflect
competition performance. These measures couldinclude playing forindividual points (Unnithanet

al, 2012) orincluding the assessment as part of a (bi)annual player report. However, the limitations
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of the TEEMshould be consideredwhen assessing the transfer of player bbehavioursand playing
habits due to the high level of variation in strengths of correlation between training and
competition. If individual player learning through the identification of specific behavioursis to be
assessed and monitored, then the author suggests that this should be conducted within competition
performance. Furthermore, the author recommends that the data collection process should be
performedonaregularbasisandshould be extended overalongitudinal period. Lastly, data
collectedfromthe TEEMshouldnot beusedonitsown, forthe benefits of playerappraisaland
selection/deselectionbutshouldbe partofaholistic processwhichissupportedbyadditional
methods such as match performance and subjective coach opinion (Seighartsleitner etal, 2019).
Futureresearch should longitudinally investigate the TEEM’s ability to detect change over time
which would further enhance the tools scientific robustness and advocate its use withinan applied

setting.

5.4.4 Conclusion

Thisstudydemonstratedthat technical performanceinthe TEEM protocolshowedamoderate
correlationtocompetition performanceover 3matches. Results of thisstudy established the
criterion-based validity of the measurement tool and provided one important step in the process of
developing anew systematic observation tool for assessing and monitoring technical performancein

youth footballers.

5.5 Personal Reflection and Professional Skills Development

Anew quality assurance measure created during the Scottish Football Association’s restructuring
andintroductionofanincreasedlevel of standardswithinprofessionalacademiesinvolved the
requirement toissue each individual player with an annual evaluation and personal development
plan. Thisstage of myresearch project came at anideal time and would allow me to disseminate the
information|had gathered to coaching staff, players and parents. To this point, | was apprehensive
aboutusingthedataforthispurposeuntillhadestablishedthenecessaryvaliditymeasurement
propertiesandwasconfidentabout the methodological robustnessof the tool. Therefore, by
establishing the criterion-based validity in this study around the same time as the individual player
reportswereduetobeissued, I feltthiswouldbea perfecttimetopresent theresultstocoaches,
playersandparents. Furthermore, Ifeltthatanycritiqueof the processofferedbyanyof thekey

stakeholders would help me develop my tool further.

AfteraconversationwithmyAcademyManagerandHead of Coaching, we agreedthat |
would take responsibility for providing objective data about technical performance based on the

results of my assessment of technical performance using my tool rather than the subjective opinion

82



of the coaches which oftenincites contrasting opinions from other coaches and parents. Following
thisconversation, I issued reports to every academy player detailing the information | had generated
frommy assessment protocol. Inreflection, this process allowed me to target several of the research

and professional aims and objectives outlined in chapter 1:

e |wasrequired toexplainthe processin front of all academy parents and coaches in
presentation format (around 100 people)
e Secondly, I had to compile the reports and present themin a format which | thought would

be most appropriate

Whilst presenting the process by which the datawas collected and presented (toaround 100
people), | felt comfortable and relaxed which was unexpected as normally | am very nervous when
presenting. Overall, | felt the event went well and that this was a positive step towards developing
myabilitytocommunicateviapublicspeaking. Afterissuingreportstoallacademyplayers, the
feedback I received was that the reports were ‘too scientific’ and the parents were struggling to
understand them, never mind the kids! After this feedback, | realised they were correct and decided
to tryanother approach. Consequently, | came up with the idea of issuing each player witha ‘Talent
Card’ where the data from the technical and physical assessments were combined and presentedin
aformatwhichresembledthe playerprofilesinthevideogameFIFAorintheoncepopularMatch
Attaxcards. Anexample of these cardscan beseeninappendix. | was proud of thisideaas the
feedbacklreceivedwasexcellentandgotthe playersengagedinacompetitivewaywherethey
would compare their cards with teammates and try and improve their ‘attributes’ for the next time.
This was exactly the impact | wanted from the whole process and | am hoping that this will positively
impact my clubgoing forwards through promotion of individual deliberate practice out with

academy training and giving players ownership of their development.
Professional learning outcomes achieved during this stage of my project were:

¢ Toimprove mycommunicationskills (specifically publicspeaking) and dissemination of
information for various audiences

e Topracticallyapply knowledge andinsight formulated from the processinto myclub’s
curriculum to aid player development

¢ Toengageinregular public speaking to disseminate research findings
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CHAPTER 6: the

Longitudinal Monitoring of
Technical Performancein
Youth Footballersand the
Influence of Biological
Maturity
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5.1 Introduction

The process of TID has become a highly scrutinised topic in the past decade (Nesti & Sulley, 2014).
The world’s elite football clubs direct substantial resources into developing academy systems to
uncover and develop football talent who possess the competencies required tocompete at the elite
level. Intandemwith thisinvestment, there hasbeenanincreased research focusontalent
developmentinattemptstoguidethe processutilisingevidence-based practice (Ali, 2000).
Traditionally, inmany cases, the process of player appraisal and evaluation hasbeen predicated on
subjective opinion of qualified and experienced coaching staff (Larkin & Reeves, 2018). Whilst this
information is valuable, recent research has demonstrated that a multidimensional approach to
identification and development is more effective than subjective coach opinion alone
(Sieghartsleitneretal, 2019). Within thismultidimensional approach, the longitudinal assessment of
technical performance and regular player appraisal isanimportant facet. Up until recently, most
research designs have been cross-sectional in nature and have investigated measurement property
parameterssuchasvalidityandreliability (Cobbetal, 2018; Garcia-Lopezetal, 2013; Unnithanetal,
2012). However, recent research has utilised longitudinal study designs whereby football specific
motor performance hasbeentracked throughoutaplayers’ developmental years (Huijenetal, 2013;
Honer & Votteler, 2016; Lehyretal, 2018; Zuber et al, 2016). Results of these studies demonstrated
that football specific motor performance, as assessed by ‘closed skill’ performance tests, significantly
improvedwith age. Furthermore, they demonstrated that football specific performance testswere
powerful enough to discriminate between ‘elite’ and ‘non-elite’ performers where performance
level was determined by subjective opinion or by selection/de-selection for professional and/or
national teams. Gullich (2014) reported that only 33% of the players selected for the U16 German
YouthNationalSquadwereretainedat U19despite ‘surviving’ numerousstagesof theselection
procedure, whichencompassed multiple ‘closed skill’ performance tests that began at the U11 age
level. This evidence suggests that the test battery implemented during the selection and
developmentprocedurefailedtoidentify 66%of theU19 GermanYouthNational Squadwhichin

turn, questions its utility and prognostic value.

One evident limitation identified within the results of previous research studies was that
performancein the ‘closed skill’, football-specific performance tests did not correlate well with
senior performance level attained, thus questioning their utility within talent development. One
possible explanation for thiscouldbe the lackof specificity of the ‘closed skill’ performance testsand
theresulting low prognostic value for predicting competition performance (Bergkamp etal, 2019).
Bergkampetal (2019), classifiedperformance testsbasedonanexplanationfromselection

psychology known as the ‘fidelity’ scale. Tests with ‘low fidelity’ “have relatively little overlap with
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the criterionin terms of the behaviour the player should show and the context in which the player
must perform” (Bergkamp et al, 2019, p 1327). An example of a ‘low fidelity’ test is the isolated
assessmentof physical capabilitiesforevaluatingperformance orevenpredictingsuccess.
Assessmentof physical capabilitiesrepresentsonlyonefacetofamulti-factorialandcomplex
processwhichthereforelimitsitsutilityasanisolatedmeasure (Martinez-Santosetal,2016). A
‘high fidelity’ test refers toasituation “when the predictor becomes more similar to thecriterionin
terms of behaviour, task and contextual constraints” (Bergkamp et al, 2019 p 1237). The authors
statethat ‘closedskill’ testslackthe contextualconstraintsandrequirementsforinformation
processinganddecisionmakingassociatedwithcompetitionperformance, thuslimitingtheir
practical application. Therefore, the design and implementation of assessment protocols which
betterreflectcompetition performance shouldbeapriorityinreference to TID programmes. Results
from previous chapters in this thesis have established content validity (chapter 3), reliability and
measurement error (chapter 4) and criterion-based validity through investigating the correlation
between small-sided game performance and competition performance (chapter 5). Theresearch
carried out up to this point has provided an argument for the potential inclusion of this TEEMinto an
academy’splayerappraisal, giventhe limitationsidentified throughout this thesisare appropriately
considered. The final stage of tool development involves the establishment of tool sensitivity and
responsiveness (Robertsonetal, 2017). Asthisassessment protocolsareintended tomonitor
longitudinal player development, and not just to provide a one-off cross-sectional assessment, this

final step represents a critical stage in tool validation.

During an individual players’ development years, it is anticipated that technical performance
couldchangeeitherpositivelyor negatively duetoamultitude of potential factors (Gotoetal,
2018). One important factor which may impact technical performance is growth and maturation
(Melanetal, 2010). During adolescence, anindividual undergoes one specific period of accelerated
growth, known as Peak Height Velocity (PHV), whereby the rate of growthincreases exponentially
(Balyi & Hamilton, 2004). Theage at whichthisoccurs exhibitsinter-individual variation, however it
usually occurs sooner in females than in their male counterparts. Following PHV, a rapid
improvementinphysical attributesisevident, suchasspeed, agility and explosive power (Fransen et
al, 2017). Aconsistentissue highlightedwithinthe TID researchisaphenomenonknownasthe
maturation selection bias (Helsen et al, 2005). The maturation selection bias is a pertinent issue
within European academies and occurswhen early maturing players are favoured over later
maturing playersduetotheirsuperiorityinphysicalperformanceasaresult ofamoreadvanced

stage of maturation (Vandendriessche etal, 2012). However, despite its well documented impact on
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physical performance, comparativelylittleresearchhasinvestigatedthe potentialimpactofPHVon

technical performance.

Moreiraetal (2017) observed asignificant positive correlation between biological maturity
andinvolvementswiththeball, successful passes, number of passes, game effectivenessand
number of tackles in Brazilian academy youth football players. Their findings suggest that PHV may
influencetechnical performanceinasimilarmannertophysical performance. Inaddition, Huijgenet
al (2010) demonstrated that technical performance in an isolated, ‘closed skill’ dribbling
performance test exhibited greater improvementsin the U16-U17 age group and the lowest rate of
improvementduringtheU14-U16agegroup. Theysuggestedthatthispatterncouldbeadirect
result of ‘adolescent awkwardness’, which is defined as “a disruption of motor control during peak
height velocity” (Huijgen etal, 2010 p696). Incontrast, Vandendriessche et al (2012) reported no
significant differences between early and late maturing playersinfootball specific, ‘closed-skill’
dribbling performance tests. One possible reason for this disparity could be that Vandendriessche et
al (2012) elected to recruit a homogenous group of talented footballers who were selected for the
Belgium National Youth Squad. With this consideration, it is possible that the assessment protocol
utilisedinthisinvestigation lacked the sensitivity to discriminate between such a highly skilled and
homogenous group. To further our understanding, future research should explore the impact of
maturationon technical performance during longitudinal player development. This should allow
coaches and practitioners to better predict the quality of our young players and aid in the decision

making and development process.

Therefore, theaimsof thisstudyare asfollows: (1) toestablish the currenttechnical
assessment protocols sensitivity to change and responsiveness; (2) to explore the impact (if any) of
maturationon technical performance; and (3) to establish the assessments discriminative validity
and ability to discriminate between players of different maturational stages. The author
hypothesises that the assessment protocol would be sensitive enough to detect large improvements
intechnical performance over a twelve-month period but may not be sensitive enough to identify
smallchangesoverashortperiodof timegiventhe measurementerrorestablishedinchapter4.
Furthermore, | anticipate a significantly better performancein players with more advanced

biological maturationcomparedwith playersatanearlierstage of maturationaldevelopment.

5.2 Methods

5.2.1 Video Recording Data and Growth and Maturation Data

Permissiontoaccessthevideorecordingand growthand maturation dataof aScottishPremier
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LeagueYouthAcademywasrequested. Alldatahadbeencollected byyouthacademystaffin
accordance withacademy procedures and adhered to policies on data protection and sharing of that
data. Written gatekeeper consent was obtained following the issuing of a research project
informationsheet priortothe analysisof any data. The gatekeeperwasmadeawarethatthe
academywas free towithdraw any data from the project at any time without reason. After
permission was granted, video recording data of technical assessments (previous chapters) and

growth and maturation datawere collated for 30 academy players (age 13 + 2.6 years).

5.2.2 Experimental Approach to The Problem

This longitudinal study design measured technical performance at 3 time points overa 12-month
period. Technical assessment data were collected at 0, 6- and 12-monthintervals from August 2018
to August 2019. Growth and maturation datawere collected every 3 months as part of the
academy’s development programme. At each time point, both technical assessment data, and
growth and maturation data were collected. Following data collection, the interaction effect

between technical performance, time and maturation was explored.

5.2.3 Measures

Technical assessments from the video recording data were performed by the academy performance
analyst. Theacademyanalystwasqualifiedtodegreelevel, had 3+yearsasananalystwithinan
academy settingand was familiar with the academy technical assessment procedures. Details of the
assessmentprotocolcanbeviewedinchapter 3 of thisthesis. The TEEMconsisted of 6x6-minute
gamesina6v 6 formatwith goalkeepers. Teams were randomly reconfigured after each 6-minute
gametopreventbiasinteamselection. Tofacilitateacompetitiveenvironment, eachplayer
competed individually for a total point score at the end of the assessment procedure. Each player
wasawarded2 pointsforawin, 1 pointforadraw, Opointsforalossand 1 point foreverygoal their
team scored. All games were recorded for subsequent notational analysis (see chapter 3, section
3.3.2and3.3.3).Inadditiontothis, aposition-specificcomparison of thenumber of actions
performed during the assessment protocol was conducted to identify any differences in player
behaviour which may provide additional information on what attributes are commonly performed

based on player position.

Growth and maturation data were collected in 3-month intervals in accordance with the
academyprogramme. Alldatawascollectedbytheacademysportsscientistwhohad5+years’
experienceingrowth and maturation datacollection. Player height, seated height and weight was
collectedinaccordance with the protocol developed by Mirwald et al (2002). This method has been

previously validated and is commonly used within research and practice (Rommers et al, 2019).
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Following data collection, data was entered into an online growth utility predictor
(www.usak.ca/kin-growthutility/phv_ui.php) to generate a prediction of how far the individual is
fromtheir Age of Peak Height Velocity (APHV) inyears and a Predicted Adult Height (PAH). This

information was then used to group players based on their stage of maturation (pre PHV = more
than0.6yearsbeforePHV; midPHV=between-0.6and0.6yearsfromPHVandpostPHV=more
than 0.6 years after PHV).

5.2.4Statistical Analysis

Alldatawereanalysed using SPSS (v.16; SPSSInc., Chicago, IL). Inaccordance withrecommendations
forawithin-subjects, repeated measures study design, a multilevel regression model was designed
for data analysis (Kreft & De Leeuw, 1998). Asa preliminary step in the construction of the model,
various models were explored using the Schwarz’s Bayesian Criterion (BIC) parameter to find the
best balance between modelcomplexity andfit (Vellejoetal, 2014). Aftermodel exploration, itwas
concluded that incorporating a Random-Slope did not further improve the model based on the BIC
parameter, however, inclusionof the Random-Slope allowedfor determination of explained
variance. Therefore, aRandom-Intercept withRandom-Slope mixed model consisting of two levels:
repeatedmeasuresor time (level 1) andindividual players (level 2) was selected tomeet the
requirements of the data sets within-subject, longitudinal structure which encompassed multiple
measurement pointsovertime, withinthesameindividual. Eachseparate SEPIwasusedasa
dependentvariablewithin the model. Timewas used as the repeated measuresindependent
variable. The Scaled Identity repeated covariance type was selected, which assumed that
measurements from each time point had the same variation but were independent of each other.
Scaledidentity was selected as this covariance type was considered the most appropriate after the
previous establishment of SEPI typical errorin Chapter 2. Factorsincluded in the model were time
andstage of maturation, both of which represented categorical data. Fixed effectsincludedin the
model were time and stage of maturation. Stage of maturation was included as a random effect and
arandom Intercept wasincluded, and the individual players were selected as a grouping variable to
determineindividualvariationaround the meanintercept. Anintraclasscorrelation coefficient was
calculatedtodetermine how muchvariancewasattributed tostage of maturation. Thiswas
calculated using the following formula: repeated measures variance + within-player variance/within-
playervariance* 100. Statistical significance of technical performance (SEPI) predictorswas
determinedusingasignificancevalueof p<0.05. Confidenceintervals (95%) werepresentedin
estimates of fixed effects toidentify numerical differences between SEPI score and the 3 time points
and between SEPI score and stages of maturation. The frequency of actions comparison between

playing positionswasanalysed usingaone-way analysisof variance (ANOVA). Thefrequency of
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actionswasselectedinstead of the SEPIs for the position-specific comparison toinvestigate theany
position-specific differences in the number of occurrencesin the individual technical actions.
Statistical significance was determined using asignificance value of p<0.05. ATukey post-hoc test

was used to determine significance between groups.

5.3 Results

5.3.1 SEPIand Maturation Data

Thedescriptivestatisticsfor SEPIscoresacrossthe 3measurementtimepointsandthe 3 player
classificationsbasedonstage of biological maturationareshownintable 10. Overall, allgroups
experienced an increase in performance in the 1° touch and passing SEPI’s from point 1 to point 3,
however, only thechange in performance fromtime point 2 to time point 3 inthe 1**touch SEPI
reached statistical significance. Results of the multilevel regression model are shownintable 11.
Results of the multilevel regression model also revealed that stage of biological maturation was a
significant predictorof technical performanceinthe 1**touchandpassing SEPI’sbut not forball
manipulation and shooting performance. Players classified as mid-PHV demonstrated the largest
averageimprovementinfirsttouchandpassingcomparedwithpre-andpost-PHVplayersfrom
measurement point 1 to point 3 (4% vs. 1.56 and 2.48% respectively). Furthermore, mid-PHV players
exhibited greaterimprovementsinball manipulation compared with pre- and post-PHV players from
measurementpoint1topoint3(3.58%vs.0.40and 1.42%respectively). Pre-, mid-and post-PHV
players experienced a decrease in shooting performance from point 1 to point 3. Post-PHV players
achievedhigherscoresthanpre-PHV playersinfirsttouchand passingacrossallmeasurement
points and higher scores than mid-PHV players in 2 out of 3 measurement points for first touch and

across all measurement points for passing.

The stage of maturation variance (table 11) provides an estimate of how much variation in
SEPIscore canbe explained by stage of maturation. Theintraclass correlation coefficients show that
anaverageof 23.6%of thevariationin SEPIscorescanattributed tostage of maturation (range
12.77-31.42 %). Stage of maturation significantly contributed to the prediction of players
performancein the first touch and passing SEPIs but no other measure of technical performance (p <
0.05).Figure 11 providesgraphicalrepresentationof trendsinthe SEPIscoresovertime. Figure
10(a) and (c) show a positive linear trend in the 1°* touch and passing SEPIs over a 12-month period.
Figure 10 (b) showsnochangeinball manipulation performanceoverthe 12-month monitoring
period whilst figure 10 (d) shows a significant decrease in shooting performance. Figures 10 (e) and
(g) show that players at the most advanced stage of biological maturation (post-PHV) demonstrated

significantly higher levels of technical proficiency in the 1**touch and passing SEPI’s, suggesting
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Table 10. Descriptive statistics for the SEPI scores over the 3 measurement pointsinrelation to

stageof maturation. Thechangeinscorerepresentsscoreatmeasurement point 3-scoreat

measurement point 1
SEPI  TIME POINT 1

Pre-PHV
15t Touch 71.89 £ 1.01
Ball Manipulation 54.34 + 4.60
Passing 64.52 +7.57
Shooting 45.73 + 4.61
Mid-PHV
15t Touch 74.93 £ 2.8
Ball Manipulation 53.03 +4.89
Passing 65.73 + 4.85
Shooting 47.10 £3.46
Post-PHV
15t Touch 73.76 £ 8.11
Ball Manipulation 53.98 + 2.33
Passing 71.05 + 4.59
Shooting 46.37 + 3.18
Combined Groups
15t Touch 72.51 + 4.76
Ball Manipulation 54.04 + 4.20
Passing 65.61 + 6.87

Shooting 46.06 + 4.07

TIME POINT 2

72.50 + 5.08

56.54 + 5.26

65.58 + 6.51

44.70 + 4.98

70.7 + 8.51

54.47 + 4.81

65.12 + 6.8

43.82 + 3.26

77.45 +5.18

53.24+5.14

70.50 +7.22

45.77 + 4.51

72.4 £ 6.41

55.35 + 4.96

65.78 + 6.56

44.42 + 4.32

TIME POINT 3

73.69 + 4.96

54.56 + 7.73

64.99 + 7.17

43.95+5.72

77.19 + 3.14

55.0 £ 6.53

69.25 + 4.71

41.55 £ 6.35

77.94 + 4.13

54.76 + 4.69

70.71 + 8.16

44.96 £ 4.76

75.03 + 5.41

54.41 + 6.20

67.28 + 7.44

43.84 £ 5.40

ASEPI(1TO3)

1.8

0.32

0.47

-1.78

2.26

1.97

-5.55

4.18

0.78

-0.34

-1.41

2.52

0.37

1.67

-2.22

improvement in these parameters with age, whereas figure 10 (f) shows better ball manipulationin

players at earlier stages of maturation compared with players at later stages of maturation. Figure

10 (h) shows nosignificant changeinshooting performance across all stages of maturation.
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Table 11. Results of the multilevel level regression analysis. The intercept value represents the modelintercept for the post-PHV group and measurement

point 3. ICC=intraclasscorrelation coefficient; SE=standarderror; Cl=confidenceinterval; Estimate =regression coefficient (N.B. asterisk[*] representsa

significant difference from the intercept)

15STTOUCH BALL MANIPULATION PASSING SHOOTING
Parameter Estimate| SE 95%Cl Estimate | SE 95%Cl Estimate | SE 95%CI Estimate | SE 95%CI
Lower
Lower Upper Lower Lower
Upper Upper Upper
Fixed Time Intercept 78.46 1.38| 75.7- 81.2 54.27 1.44 | 51.3-57.2 71.08 1.81] 67.5-74.7 44.13 1.27 | 41.5- 46.7
Effects Time Point 3 0 0 0 0 0 0 0 0
Time Point 2 -2.4* 0.99( -0.43—-0.41 | 0.66 1.22 | -1.79 - 3.11 | -0.66 1.9 | -3.24-1.92 | 0.88 0.99 | -1.10- 2.88
Time Point 1 -1.87 1.04| -3.95-0.21 -0.93 -0.73 | -3.46-1.59 | -0.72 1.36 | -3.44- 1.98 | 2.44* 1.03 | 0.36 - 4.51
Post-PHV 0 0 0 0 0 0 0 0
Mid-PHV -3.63 % 1.51] -6.63- -0.63| 0.16 1.73 | -3.28- 3.62 | -3.81 1.97| -7.73-2.89 | -0.77 1.46 | -3.68-2.14
Pre-PHV -4.12 * 1.71| -7.54-0.69 | 0.87 1.74 | -2.62-4.37 -5.08 * 2.25| -9.58- -0.58 | -3.71 1.56 | -3.51-2.76
Repeated 8 1
Measures
. 13.18 2.66| .87- 19.57 21.09 3.99 | 4.55-30.58 | 23.04 4,52 | 15.68-33.85[ 13.61 2.62 | 9.32- 19.86
Variance
Stage of
Random Maturation
Effects | Variance 6.04 2.15( 3.00- 12.13 | 3.09 1.80 | 0.98- 9.69 9.67 3.39 | 4.87-19.23 | 3.56 1.5 1.54 - 8.22
ICC for Stage of
Maturation
Predictor (%) 31.42 12.77 29.56 20.73
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Figure 10. Figures (a)-(d) represent the SEPI score trends over the 12-month monitoring period. A
linear forecast trendline was applied to the data. Figures (e)-(h) represent the differences in SEPI
scoresinrelation to stage of maturation. The stage of maturation groups (pre-, mid- and post-PHV)

were dummy coded into the corresponding values: 1 =pre-PHV; 2=mid- PHV; 3 = post- PHV
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5.3.2 Position-Specific FrequencyData

Theresultsof theone-way ANOVAforthefrequency of attemptedactionsacross the 3 playing
positionare shownin figure 12. Midfielders attempted a significantly higher number of first touches
thanattackers. Midfieldersalsoattemptedahighernumberof ball manipulations thanboth
defenders and attackers. Attackers attempted significantly less passes than both defenders and
midfielders but significantly more shots than defenders. As expected, attackers attempted the

highest number of shots per assessment.

1st Touch Ball Manipulation
15
bl EEE
0 10 :
® 10 B
5 T &
515 £
S E 4
= =
. 2
Defenders Midfie kders Atackers Defenders Midfielkders Attackers
F t F ti
Passing Shooting

L

Midfielders Defenders Midfield ers

I I 1 .1
Figure 12. Results from One-way ANONVAfor the frequency of actions attempted per assessment in
relationtoplayer playing position. Defendersincluded central defendersand full backs. Midfielders
includedcentralmidfielders. Attackersincluded forwardsand wide midfielders. Valuesare
expressedas +standarddeviation. *representsasignificantdifferencebetweendefenderand
midfielders, **represents asignificant differencebetweendefendersand attackersand ***
represents asignificant difference between midfielders and attackers as determined by the Tukey

post-hoc test.

5.4 Discussion

5.4.1 General Discussion

Thisresearch aimed toinvestigate the responsiveness and sensitivity tochange inanewly developed
protocol forassessing and monitoring technical performance inyouth footballers. Additionally, the

investigationaimedtoexplore theinfluence of individual stage of growthand maturationon
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technical performance and any position-specific differences in player behaviour. Resultsrevealed
that the assessment protocol lacked the sensitivity to detect statistically significant changes in
technical performanceovera12-monthmonitoring period. However, despite the lack of significance
of timeasa predictor of technical performance, apositive linear trend towards improvement of first
touchandpassingperformancewasobservedoverthe12-monthperiod (figure11). Descriptive
statistics demonstrated that both first touch and passing showed an improving trend towards the
smallestworthwhile change (SWC) +typicalerror (TE) establishedinchapter4(3.59and4.98
respectively). In many circumstances, the difference in age between post- and pre-PHV players
exceeded the length of the monitoring period (12 months). In studies investigating longitudinal
monitoring of technical performancein youth football players, all adopted a substantially longer
monitoring period (3+years)thantheoneinthe present study (Honeretal, 2016, Huijgenetal,
2010, Lehyretal, 2018, Zuber et al, 2016). Results in this study demonstrate that the assessment
protocolsuccessfully discriminated between post-PHV players and mid- and pre-PHV playersin the
1**touch and passing SEP!I’s. Since biological maturation is a product of time, these trends suggest
that amonitoring period, comprised of multiple measurement points expanding over a minimum of
the average age difference observed between pre-PHV and post-PHV players, may present
alternative observations. With this theory in mind, it is possible that an extended monitoring period
may be required to detect a significant and meaningful change. This is supported by findings from
chapter4inthis thesis which suggested that the TEEM lacked the sensitivity to detect small changes
in performance. In further support of this, Lehyr et al (2018) reported that across a 3-year
longitudinal study, an average improvement of 3.05 and 6.97% per year indribbling and ball control
performance was observed. This was in comparison with a total improvement in performance from
measurement point 1 to point 4 (3 years) of 8.93 and 19.09% in dribbling and ball control
respectively, measuredinisolated, ‘closedskill’ tests. These findings suggest that more substantial
improvements in performance are observed over a longer monitoring period and that the results
reported inthe current study (improvements of 3.47, 0.68, 2.54and -4.81%in 1°* touch, passing, ball
manipulationandshootingrespectively)couldpotentiallyshowagreaterimprovementovera
similartimeperiod. ItmaybethecasethatonlycertainSEPIs (e.g., 1**touchand passing) maybe
suitableforassessingperformanceovertime, however, furtherresearchwhichextendsovera

longer monitoring period is required.

Twopossible explanationsareofferedforthelackof statistically significantimprovementsin
performance observed over a 12-month period: 1) the assessment protocol lacks the sensitivity to
detect change due to the variation associated with technical performance in a dynamic situation

and/ or 2) the 12-month period was insufficient for any significant adaptations in performance to
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occur. However, it should be noted, that although time was not a significant predictor of
performance, analysis revealed that the individual players stage of maturation wasidentifiedasa
significant predictor of performance in the first touch and passing SEPIs. The results demonstrate
that mid- and post-PHV players exhibited significantly higher SEPI scores compared with pre- PHV
players and post-PHV achieved higher scores than mid-PHV players across two measurement points
forfirsttouchandacrossallmeasurementpointsforpassing. Theseresultsareconsistentwith
findings reported by Moreira et al (2017) where players more advanced in their stage of maturation
achievedmoreinvolvementswiththeball, completed more passesand moresuccessfulpasses
compared with players at an earlier stage of maturation in a small-sided game-based assessment.
Furthermore, Saward et al (2019) monitored a selection of elite youth footballers from 3 elite level
English Academiesbetweentheageof 11-18yearsacross2 competitive seasonswiththeaimof
trackingthedevelopmentof matchskills. Sawardetal (2019) utilisedcomputerisednotational
analysis through the video recordings of 1-10 competitive matches per player. The ‘match skills’
selected for analysis were successful passes, shots on target, dribbles, crosses, tackles, blocks,
clearancesandinterceptions. Theauthorsimplemented aspecifically designed regressionmodel to
explore the effect of playing status (retained or released), maturity status and playing position on
the development of match skills. Saward et al (2019) reported that the model predicted anincrease
inpassingproficiencyovertimeandwassignificantlyinfluencedby maturitystatus, withearly
maturing players performingsignificantlymoreactionsthantheirlatermaturingcounterparts. These
results are consistent with the current study. In contrast, Malina et al (2005) reported no significant
differencesin passing accuracy anddribbling performance inyouth football players aged between 13
and 15withdifferingstages of biological maturity. However, it should be noted that technical
performanceinMalinaetal (2005) utilised ‘closed skill’ performance tests which lack the associated
spatial-perceptual cognitivedemandsrequiredduringcompetitivematchperformance. This
important factor should be taken into consideration during test selection as the increase in
testosterone levels associated with maturation have been shown to influence spatial cognition and
visuospatial ability (Aleman et al, 2004; Cherrier et al, 2001), both of which play animportant rolein
skillexecutionduringmatch-related performance (Vaeyensetal, 2008). Oneinterestingobservation
fromthe currentstudywas the highest average rate of improvementinfirst touch and passing
performanceoccurredinthemid-PHVgroup, whenanaccelerationof testosterone production
occurs (Delemarre-van de Waal et al, 2001), compared with pre- and post-PHV groups. The pattern
of developmentwithinthemid-PHVgroupsuggeststhatgrowthandmaturationmaystimulatea

positive improvement on match-related motor skill performance due to the rapid improvement of
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spatialability associated with testosterone production duringmaturation (Davison & Susman, 2001),

however, futureresearchemployinglargersamplesizesisrequiredtoinvestigatethisfurther.

Anotherinteresting finding from the current results was the lack of improvement in the
ball manipulation and shooting SEPIs across all age groups and measurement points. Two
explanations for this lack of change in ball manipulation and shooting scores are provided. Firstly,
thedescriptivestatisticsintable 10reveal thatballmanipulationsweresignificantly higherin
midfieldersandattackerscompared withdefenders, whichisperhaps expected given the positional
technical demands. In line with position-specific technical demands, shooting was significantly
higher forattackersthanformidfieldersanddefenders. Theseresultssuggest that ballmanipulation
andshootingareindividual and position-specific skills. Thisobvious assertion that certainaspects of
technical performance are specific to playing position is supported by research Sarward et al (2019)
who reported a significantly higher number of dribbles and shots on target performed by attacking
players compared with defensive players during competitive match playin elite youth footballers.
The findings in both the current study and in the study by Sarward et al (2019) suggest that specific
technicalactionssuchasdribbling and shooting are ‘specialist’ skills that may not require a high level
of proficiency across all positions where as technical actions such as first touch and passing could be
considered basic rudimentary skills that are essential across all playing positions. The content of
team-basedsessionswithinanacademysettingispredominantly focussedonpossession-based
activities resulting in considerably more time spent practicing passing and receiving than any other
skill which perhaps explains why there is a trend towards improvement for 1* touch and passing but
not for ball manipulation and shooting (Partington & Cushion, 2013). It may be the case that players
have limited opportunities to practice the skill of pressurised ball manipulation and shooting with
therequiredtimeinvestment forimprovement during team-based sessions, whereaspecific
coachingcurriculumisoftencommonplacewithinacademysettings, however, thiscoachingcontent
will vary considerably fromclub toclub. Therefore, it could be speculated that any improvement in
ballmanipulationorshootingisachievedthroughindividual practiceawayfromorganisedclub
sessions and this time investment has been shown to be individual to the specific player and culture
(Fordetal, 2012). Furthermore, these skills are thought of as exceptional skills which may separate
eliteplayersfromnon-elite players (Gaietal, 2019; Konefal etal, 2019; Yietal, 2019). Therefore, it
isunlikelythateveryplayerhasthetechnicalcompetencytobewell-skilledinthesesituations.
Secondly, the occurrence of ballmanipulationandshooting actions were significantly lower than the
number of first touch and passing actions during the small-sided game assessment protocol (figure
11). Consequently, it is likely that due to a low number of observed actions, the ball manipulation

and shooting SEPIs failed to stabilise which resulted in too much ‘noise’ to detect any meaningful
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changeinperformance. Toincrease the number of actions performed and stabilise the performance
outcomeswithinthe TEEM protocol, itisproposedthat futureresearchcouldalsofocusonthe

development of additional, skill-specific, small-sided based games for assessing and monitoring ball
manipulation and shooting performance. This future research should also focus on the feasibility of

its application within an academy environment.

5.4.2 Limitations

Despitesome interesting results generated from the current investigation, three main limitations
wereidentified., Firstly, the small sample size used within this longitudinal study increases the
probability of typellerror. Furthermore, inalongitudinal study design, itisrecommended that the
startingpoolof participantsissubstantially largetoaccommodatetheinevitabledropoutof
participantsover multiple measurement points due tode-selection, injury orunavailability. Thisis
especiallyrelevantwithinanacademysettingwhereahigh turnoverof playersisprevalent.
Secondly, 12months, inthe contextoflong-term playerdevelopment, representsaverysmall
snapshot of developmental change. For example, it is unknown how much improvement will take
placeduringa12-month periodanditisunlikely that dramaticchangesinperformancewillbe
observed. Therefore, if the monitoring period was extended to at least a 3-year period (Honer et al,
2016; Leyhretal, 2018; Zuber et al, 2016), it could be possible that based on the trend observed in
the current study, significant changes in performance would be observed. It is likely that
development of technical performanceisaslow, long-term process and is only susceptible tosmall,
year-on-year improvements. If exponential improvementsin performance per year were possible
andeasy toachieve, thensubsequently, there would be a likely concomitantincreaseinthe
production of elite level players. Lastly, in thisstudy, training content and practice hours were not
controlled or recorded due to alack of recording procedures within the participating academy. The
current study assumed that players would improve inalinear fashion, whereas development islikely
non-linear. Furthermore, the extent to which anindividual player improves is likely dependant on
the number of individual practice time investmentinnon-organisedfootball activitiesawayfrom the

academy setting such as school football and non-organised play with friends (Gullich et al, 2017).

5.4.3 Conclusions

Inconclusion, the TEEM protocol investigated in the current study failed to detect any significant
changeintechnical performance over 3 measurement points during a 12-month monitoring period.
Despite this lack of significant change over time, a linear trend towards improvement in the first
touch and passing SEPIs was observed. Inaddition, the assessment protocol successfully identified
individual player stage of maturationas a predictor of technical performance in the first touch and

passing SEPIs. Theseresultssuggest that the 1°*touch and passing SEPIs could be used totrack
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longitudinaltechnical performanceinanenvironment whichismorerepresentative of competition

performance compared with isolated ‘closed skill’ assessment protocols.

5.4.4 Practical Applications and Future Directions

Results of this study suggest that the TEEM protocol utilised in the current investigation can be used
aspartofaholisticand multifaceted TID programme. Thisassessment protocol canbeusedto
detect within-player changes in 1** touch and passing performance and to discriminate between
players of differing stages of maturation. As biological maturationisaproductof time, itislikely that
anextended monitoring period willuncover larger changesin technical performance. Furthermore,
theinformationgeneratedfromthisassessment procedurecanbeusedasamotivationaltoolto
driveindividual development based on continuous player appraisal and feedback. Future research
shouldaimtoimplement thismonitoringtooloveranextendedtimeperiodof atleast 3yearsto
provide conclusive evidence of test sensitivity. The assessment toolin the current study successfully
discriminated between more biologically mature players compared with their less mature
counterparts. Furtherresearchinvestigating theimpactof growthand maturationonmatch-related
technical performanceis warranted which could subsequently informearly years coaching practice

and content with the aim of maximising technical performance prior to age at peak height velocity.

5. 5 Personal Reflection and Professional Skills Development

As thisresearch study developed, | was engaged in interesting conversations with my colleagues
about theinfluence that biological maturation would have on the results of the assessments. For
example, it was clear from simply watching the assessments take place that the more ‘physically
developed’ players experienced more involvements with the ball and dominated over the less
‘physically mature’ players. This raised questions about test validity and whether, these results
would provide atruereflection on performance. Belowisan extract frommy reflective diary which

explains myrationale:

“Was thinking about why there might be some variation in performance indices with
some players but not with others. When considering the players who showed the most
variationinperformance, the main KPl was ball manipulation. Also, the players who
showedthemostvariation, orevenadecreaseinperformancebetweentwotrialsé
months apart, were the smaller players. | was thinking that, ball manipulation e.g. taking
playerson 1v 1anddribbling past players, requires anelement of physical performance
such as speed and power. If the players who were good at ball manipulation at one stage
but are less physically developed than the playersin the same group 6 months later then

itislogical toassume thattheir ‘lesser’ physical abilitycouldcontribute tothedecrease
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inperformance. Forexample, some players could have beguntheir highvelocity growth
spurtwhenothershave not. Thiscoulddrasticallyaffect performance. Perhapsawayto
controlforthisproblemistocarryout theassessmentprotocolinbio-bandingcategories
ratherthanchronological age categories. However, I’vealreadystartedcollectingdata

using chronological age groups and therefore the data may be affected.

Also, itmaybeworthlookingatincludingbiological maturityasavariable whenbuilding
aregressionmodelinyour longitudinal study. However, I’mnot sureifI’l(L have enough

data to have enough statistical power”

As maturation data was available as part of the academy’s programme, | decided to include thisin
my analysis. Regardless of the results presented previouslyin this chapter, we decidedasan
academy that the impact of biological maturity was a pertinent issue that should be addressed within
our curriculum. Theresult of thiswas the introduction of ‘bio-banding’ nights whereby playerswere
groupedaccordingtotheirbiologicalageforthefirsttwosessionsof theweekasopposedtotheir
chronologicalagegroup. Within these groupings, further groupings werecreated using ‘ability bands’
basedontheresultsofthetechnicalassessments. Theaimof thisprocesswastocreatesituations
wherethebest playerswere competingagainst eachotheras thisfellin linewith ouracademy
philosophy that we aim to prioritise the development of the individual player over the team. This was
runasaé-month trial at the end of which, the change in technical performance would bere-
assessed. Unfortunately, due to unforeseen circumstances, this was not able to be completed. | feel
this pilot project again highlighted the impact that my professional doctorate project has had on my
organisation and | consider these to be positive additions to our curriculum. This was ultimately one
of themainaimspriortocommencementof theprogrammeandlamproudthathavebeenableto

achieve this at some level.

Lastly, following completion of my final study, | decided that | needed to practice
communicating my findings to a wider audience and thus took the decision to organise a CPD event
opentothegeneral publicwhichwould provide the opportunity topresent. linvitedadditional
speakers to contribute to the event but unfortunately due toanunprecedented global pandemic, the
eventwasunable totake place. Alternatively, | decided to embrace modern technology and arrange
theeventintheformatofanonlinewebinar. Intheend, Iwasabletoreachawideraudiencewith
over 100 attendees which greatly surpassed the number we would have been able to accommodate
at the venue I had previously arranged. The online event itself ran smoothly and attracted interest.
The speakers delivered their content very well, however, | was unhappy with the delivery of my own.

I felt extremely nervous which was unlike the situation previously mentionedin chapter 4 where | felt
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comfortable and relaxed. | think the thought of knowing there were a number of highly respected
practitioners/ researchers/ coaches in the audience made me more nervous. | also found speaking
intoacameramorenerverackingthanpresentingtoagroup. My nervousnesswas exacerbated
when my slide notes were lost due to the ‘share screen’ feature which had to be enabled to deliver
your presentation. Fromthisexperience | have highlighted that I need more practicein presentation
skills, especiallyinfrontof anacademicaudience. | feelthat thisisoneaim/ objectivefromthe
research and professional aims and objectives outlined in chapter 1 that will require ongoing and
regularpracticethroughout myprofessionalcareer. However, despitemysomewhat negative
personal appraisal, my supervisor received some positive feedback from another academic who
attended the webinar. The feedback detailed that “he enjoyed my presentation and thought it was
well presented withaclear message and implications”. Insummary, | believe this final stage of my

project facilitated my development in the following areas (chapter 1):

e Toimprovemycommunication (specifically public speaking) and dissemination of
information for various audiences

o Topracticallyapply knowledge andinsights formulated from the processinto my
organisations curriculum to aid player development

o Toengageinregular public speaking to disseminate research findings
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CHAPTER 7: synthesis



7.1 Overarching Discussion

Throughout this thesis, the main objective hasbeentoestablish the necessarymeasurement
properties of a newly developed tool for assessing and monitoring technical performance in youth
footballers. Recently, authorshaveinferred that thisisaprocess that haslacked the methodological
scrutiny required for the successful validation of newly developed test protocols (Robertson, 2013).
Furthermore, thework presentedinthisthesishasaddressed somekey, and often overlooked
methodologicalissuesidentified within previous assessment of technical performance (Bergkampet
al, 2019; Koopmannetal, 2020). Firstly, by establishing necessary measurement properties such as
the smallest worthwhile change (SWC) and typical error (TE), practitioners and coaches can make
more informed inferences about true changes in performance. This in turn provides more in-depth
informationfor datainterpretationand disseminationand makesthe TEEMaviable tool for
monitoringplayer progression/regressioninalong-termplayer development programme. Secondly,
byestablishingcriterion-basedvalidity (chapter5), ameasure of task-representativenessis
demonstrated. Thisrelationshipbetween performanceinatraining-basedenvironmentand
competition performance suggests that the TEEM developed in this thesis represents a more task-
specificmeasure of performance than ‘closed-skill’ based assessment protocols, whicharecommon
within TID programmes. The use of isolated or ‘closed-skill’ assessment protocols have previously
beenreportedtolacktransfertoperformance (Bergkampetal, 2019), thereforetheresearch
presentedinthisthesis offersacontribution totheexistingresearchinthefieldof technical
performance assessment in youth football. It must be noted however, that the TEEM also exhibits its
ownlimitationsintermsof capturingallbehavioural playinghabitswhichareexpressedduring
competition. Lastly, the research presented in chapter 6 offers a contribution to the longitudinal
research existing in this topic area. Koopmann et al (2020) reported that 75% of all studies
investigating the assessment of technical skillsin talented youth athletes adopted a cross-sectional
study design. This over-representation of cross-sectional research limits the application of many
current assessment tools for longitudinally monitoring player development. In summary the TEEM
developed within this thesis provides a promising method of assessing and monitoring an important
aspect of performance which has been suggested to heavily influence the outcome of a match and

ultimately the success of a team (Filetti et al, 2017; Rampinini et al, 2009).

Recentliteratureandsystematicreviewshavehighlightedtherequirementforthe
development of assessment tools that: 1) closely represent the criterion task (i.e., competition
performance); 2)arevalidandreliable; and 3) are easilyapplicablewithinapractical setting
(Bergkampetal, 2019; Koopmann etal, 2020; Robertson, 2013). Authors concur that methods which

bearacloser resemblance to competition performance show promising signs for application withina
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practical environment, especially with the development and availability of modern technology.
Furthermore, the importance of technical skills and their role within TID has been demonstrated
within previousresearch. For example, Koopmannetal (2020) reported that 93% of studies
investigating the assessment and monitoring of technical performance conveyed positive
discriminatory, explanatory and/or predictive benefits. However, to the author’s knowledge,
research investigating the longitudinal development of technical performance utilising an
assessment tool which is ‘competition based’ or ‘high-fidelity’ (Bergkamp et al, 2019) in design is
scarce. Itisthe author’s opinion, that studies in this thesis will provide a welcome contribution to
the body of existing research and offer a potential solution to some of the methodological issues and
challenges around the establishment of appropriate measurement propertiesin newly developed
assessment tools. Whilst researchers, practitioners and coaches recognise the need for developing
more robust assessment protocols, further work is required to optimise practical application and

dissemination of the information generated.

7.2 Research Findings and Practical Applications

Oncompletion of this thesis, 4 mainresearch findings can be offeredasacontribution tothe
existingresearchinthefield of assessing and monitoring technical performanceinyouth footballers.
This thesis aimed to establish the necessary measurement properties of a newly developed
observationtoolthatcanbepracticallyappliedwithinanacademyenvironment. Thefirstmain
finding of this thesis is that a tools content validity can be systematically and scientifically
established through the qualitative Delphi datacollection method. Whilst the Delphi method offersa
logicalprocessforcollectingandfilteringsubjectivedata, thecontextinwhichthetoolisbeing
designedforshouldbetakenintoconsideration. With thisinmind, onemajor factorwhichwill
heavilyinfluence the tools generalisability, is the size of the study sample recruited to participate.
Forexample, if the sampleistoo low, asis probably the case in chapter 3 of this thesis, then
researchers run therisk of failing tocapture potentially important information. Alternatively, the
more participants who contribute to the first round of questionnaires, the more information you will
have tofilter downand consequently, there is less risk of important information being overlooked.
However, ifthe participant poolistoolargethenthiscouldbeassociatedwithahigherriskoflow
complianceratesandincreased difficulty for consensus to be reached due to disagreement between
participants. As the TEEM designed within this thesis was developed for use within one professional
academy, theauthor decided thatinorder tokeep the tool contextually relevant, only aselection of
the most highly qualified and experienced coaches from that specific club was chosen. Insummary,
the Delphi method facilitated the establishment of content validity for the development of this new

assessment tool, however, due to the selective sampling of participants usedin chapter 3, the tools
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generalisabilityislimited. The Delphi method utilised within chapter 3representsarobusta

scientific process that can be applied to develop contextually relevant tools.

Thesecond mainfinding from theresearchconductedwithin this thesisisthat the
newly developed TEEM demonstrates good reliability across 2 different measurement points, and
betweenand within-observer. To the author’s knowledge, the study conducted inchapter 4 was the
first study to present typical error and smallest worthwhile change measures to deepenour
understanding of the variation associated with performance between trials and interpretations of
‘true’ changes in performance. Although the magnitude of this typical error is open to
interpretation, providingameasureof thiscanbeseenasapositive step towardsimprovingour
understanding. However, itshouldbenoted thattherangeof typical errorassociatedwiththe
individual key performance indicators (0.72 - 8.24 AU) suggests that some technical
actions/behaviours are more stable thanothers (0’Donoghue, 2005). One explanation for this could
berelatedtothesubjective nature of certainkeyperformanceindicatorssuchasopposition
pressure and decision making. Although operational definitions were designed to reduce variability
duringthecodingprocess, theseindicatorsstillremainopentointerpretationbytheindividual
observer/coder, thus limiting their reliability. Inaddition, the low number of frequencies recorded
forspecificcontextualaspectsoftheglobal SEPImayalsoexplainthestrengthof thereliability
measures. Forexample, if thefrequency countsare consistently lowacrossall assessments (e.g., first
time shots), then the resultant typical error would be low. Therefore, the author recommends that
beforeimplementing the TEEM, the most stable (and alsovaluable) key performance indicators must
beselectedforanalysis. Afterasufficientdatacollection periodextendedovertime, otherkey
performanceindicators may ‘stabilise’ anditisat this point that these can beincluded inany player

appraisal process. Thisinturn, will provide amorereliable and accurate reflection of performance.

The thirdmainfinding from thisresearch processrelates to the discussioninthe
previous paragraph. Chapter 5 of thisstudy reported a moderate relationship between performance
intheTEEMandthe average performanceacross 3competitivematches. Similartotheresults
reportedinchapter 4, awide range of correlation coefficients were observed within the individual
technicalactions/behaviours. Themainsourceofthisvariationinstrengthof correlationswas
primarily related again to the contextual aspects of each of the global SEPIs. The author suggests
that the contextual elements of the SEPIs (such as direction of 1** touch and type of ball
manipulation) are associated with too much ‘noise’ for use following only one assessment. Duetoa
combinationoflowfrequenciesanddifferent competitiondemandscomparedwithatraining
environment such as opposition quality, team tactics, opposition pressure and intensity of play (Liu

etal, 2016), the author recommends that only the most stable and valuable measures of technical
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performanceareselectedif choosing toconductassessmentsoccasionally (e.g., bi-annually). If the
TEEMassessmentsare conductedregularly throughoutaseasonandenoughdataisgeneratedto
allowalltechnical actions/behaviours tostabilise then thiswould also be recommended. However,
thisthenbecomesaquestionof practicalityandwhetherornotthisvolume of datacollectionis
feasible and fits withina development curriculum. Insummary, the author suggests that the TEEMis
avalidandreliabletool forassessingskill proficiency incertainaspects of technical performance, as
long as measures are taken to ensure competition intensity and measurement error is
acknowledged. However, theresultspresentedinchapter5suggest that thecontextual/behavioural
aspectsoftechnicalperformancedonotcorrelatewellbetweenperformanceinthe TEEMand
competition performance and therefore, behaviour (or learning) should be assessed within

competitive match-play.

Thelast mainfindingreported fromchapter 6inthisthesisisthe TEEM’sability to
detectchangesbetween playersof different maturationalstatuses. Results of thisstudy describe the
potential effectsof maturationontechnical performanceinyouthfootballers with post-PHV players
performingsignificantly better thanmid- and pre-PHV playersin 2 out of 4SEPIs (1 touch and
passing). Unfortunately, timewasnotidentified asasignificant predictor of technical performance
following the fitting of the regression model. However, this may have been explained by the length
of themonitoring period adoptedinchapter 6 (12 months). Inthe context of long-term player
development, 12 months perhaps only represents only a small window in a player’s development,
and, totheauthorsknowledge, littleresearchhasinvestigatedhowmuchchangeintechnical
performance canbe expected. It should be noted however, that a positive upward trend was
observed when aregression line was projected over subsequent measurement points. In the limited
number of previous studies investigating changes in technical performance over time, aminimum
monitoring period of at least two competitive seasons was employed (Honer etal 2016, Huijgen et al
2013, Lehyretal 2018, Sarwardetal, 2019). Initially, itwasintended that themonitoring period
employed in chapter 6 of this thesis was longer, however, participant drop out due to deselection
andinjuryresultedinasignificantreductioninparticipantnumberandconsequently reduced
statistical power over 4 measurement points (18 months). Therefore, a monitoring period of only 12
monthswaspossible. Untilresearchfurtherinvestigatingthe TEEMsability todetectchangesin
performanceover timehasexploredtheinfluence of alonger monitoringperiod (minimumof2
yearsbutideally longer), the author cannot confidently conclude that the tool is sensitive enough to
detectsuch achange. However, one interesting observation is the significant difference between
maturational stages in the 1°* touch and passing SEPIs. It is logical to hypothesize that since ageisa

product of time, timewouldemergeasasignificant predictor overalongermonitoringperiod.
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Insummary, the results presented throughout this thesis demonstrate the difficultyand
complexity of monitoring technical performance infootball. Due to the random and unpredictable
natureof thegame, technical performanceisassociatedwithsubstantial variation between
observations. However, it should be noted that 1** touch and passing performance demonstrate the
most stability across multiple observations and are associated with the least variation in
performance. Thisis likely explained by the higher number of occurrences recorded compared with
other technical actions and contextual descriptors of these actions such as types of ball
manipulationsand penetrating passes. One possible solution to the low frequency of actions
problemisalongitudinal datacollection process. The collection of moredatafacilitatesthe
stabilisationoftechnicalactionsandsubsequentlywill provideamorecompleteandaccurate
assessment of performance. The TEEM developed in this study offers one possibility for assessing
skill proficiency whichcanbeeasily applied withinanacademy environment. Although thereliability
andvalidity of certain technical actions was poor, practitioners should decide whether or not their
inclusionisstill warranted given their potential influence in important moments of the game. For
example, although game changing actionssuch asattacking 1v1’sandshooting ability are variable, is
the ability to be successfulin this situation valued even if success is sporadic? It could also be argued
oneimportantobjectiveof playerdevelopmentistoreducethisvariationinskillsuccessandto
increasethenumber, efficiencyandconsistencyof technicalactions. Therefore, foritseaseof
application, feasibility and ability todiscriminate between players of stages of maturation, the TEEM
could beawelcome additiontoaclub’sassessment protocol. However, as previously mentioned, for
assessing and monitoring player learning and behaviour, the author recommends assessment within

a competitive situation.

7.3 Future Directions

As evidenced by the work conducted within this thesis, the use of the TEEM or any other small-sided
game-based protocol has a place in the monitoring of technical performance inyouth footballers.
However, these types of assessment protocol have associated limitations, primarily inassessing the
transfer of player behavioural learning and playing habits. The use of objective datain football has
increased exponentially over the previous decade (Rein & Memmert, 2016). With the development
of moderntechnology anditsincreasing accessibility and affordability, the use of dataanalytics at
academylevelhasbecomeanemerging prospect for TID (DeSilvaetal,2018). The provisionof
objective data at a youth development level can add significant value to the selection and
development process which will support traditional, subjective coachevaluationandfacilitate the
decision-making process. Whilst research in this field is still at an early stage, future work should

focusondatacollectionand the benchmarking of performance levels across academies, leagues and
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countries. Thesharing of thisinformationcould provide valuable feedback to clubs and organisations
regarding current player standard. Following thisbenchmarking process, anobjective evaluation of
player quality can be carried out and appropriateinterventionsintroduced if necessary. Apractical
exampleofthisprocesswouldbe thebenchmarkingandevaluationoftechnical performancein
young (<U13) footballers. Should the results reveal lower technical performance characteristics at
thislevelcomparedwithotherclubs/ organisations/ countries, aninterventioncanbeimplemented
(suchastheintroduction of home-based, individual skill development programmes) to supplement
an academy learning curriculum. Furthermore, the effectiveness of this academy curriculum or
individualcoachmethodology canbeevaluated longitudinally through extended monitoring periods.
Evaluation of the effectiveness of different coaching methodologies (e.g., repetitive technique
practicesvs. small-sided game-based practices) would be welcomed within the coaching science
community. Lastly, further researchisrequired to confirm the effects of biological maturationon
technicalperformanceobservedintheresultsthestudyinchapteré6of thisthesisandpreviously
reportedinothers (Sward etal, 2019). Although researchinthisareaisscarce, future investigation
would providevaluableinformation regarding the long-term development of technical performance
inyouth footballers. Whilst the future directions highlighted in this paragraph present excellent
opportunities for further research, itisimperative that aconsistent and validated methodological
approachisacceptedby practitioners and coaches whichinturnwill ensure validity and reliability of

data sources.

7.4 Limitations

Whilst theuse of thisTEEMoffersapromising solution toobjective performance assessmentin
youth football, 3 main limitations should be taken into consideration during practical application.
Firstly, thecontentof thisobservationtoolwasestablishedbased on the subjective opinionof
coaches employed by one club. Therefore, the generalisability of the tool is limited and may not
represent the philosophies and views of the greater football community. Furthermore, there may
existsomeinconsistenciesinthe definitions of technical actions between clubs/organisations. Any
investigations which extend across multiple clubs/organisations should ensure consistent, and
detailedoperational definitionsareestablishedandappropriate observertrainingiscompletedprior
todatacollection. Thislimitationmanifestsfromthe qualitativeresearchdesignadoptedinChapter
3 andspecifically, with the use of the Delphi method. Secondly, due to the subjective nature of the
coding process during analysis, there will always exist an element of human error wheninterpreting
technical actions. Therefore, itis essential that measurement error is established (chapter 3) and
takenintoconsideration. As previously mentioned, detailed operational definitions and adequate

observer training will likely reduce measurement error, however, it isimpossible to eradicate it
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almost entirely without the useand application of advanced technological techniquesremainin their
infancyat thiscurrent time. Lastly, whilsttherequirement forlongitudinalresearchis highly
necessary, thismethod of research design has associated limitationsand complexities. Longitudinal
research requires a large participant pool and extends over a significant period of time due to the
high possibility of missingdataassociated withselection/deselectionandinjury. Therefore, thistype
of investigationis difficult toimplement withinone organisation and will likely require cooperation
from multiple organisations or be driven by a governing body. For example, a nationwide project
ranbyacountries footballing association whichisaimed at collecting thisobjective datatobestored
centrally. Such a project would provide valuable benchmark data for talent identification/

development at both a club and national level.

7.5 Meta-Reflection

When approaching the end of my professional doctorate journey, animportant personal step for me
wastakingsometimetolookbackontheprocessandreflectonwhatlhaveachievedfrombotha
professional and academic perspective. An obvious personal achievement is the completion of this
thesis. Themagnitude of workcompletedduringthisthesisisthelargest|have completedinmy
lifetimewhichinitself isagreat personalachievement, especially whensimultaneously workingina
highlydemanding full-time role within professional football. Thisachievement proves tomyself that

| am capable of handling multiple, large scale projects.

Onadeeper level, this professional doctorate process has facilitated my development
asapractitionerinvarious respects. When considering the professional aims outlined inchapter 1,
thedifferentstagesonthis processhasprovided mewithunique andspecificopportunitiesto
achieve these which are detailed throughout this thesis in the reflective accounts writtenin the
various chapters. The main professional learning outcomes which | feel have been achieved (or not
achieved)aresummarisedintheremainderof thissection. Firstly, thisresearchprojecthasinitiated
thelearningof newtechnicalskillswhicharehighlyrelevantinday-to-daypractice. Themain
examples of these newly developed technical skillsare user training with the advanced performance
analysissoftware HudlSportsCode and adeeperunderstanding of researchandcomplexdata
analysisconceptssuchas multi-level regression. Furthermore, Ifeel my ability to efficiently search
forrelevantacademic literature hasimprovedsignificantly. The value of learning these new skills s
highlightedinthefact that at the time of writing this, | have been offered new positionat my
organisationasafirstteamdataanalyst. Without thelearningthat has takenplace duringthis
professional doctorate process, this change of direction in my career would never have occurred.
Secondly, theopportunities provided for me tosuccinctlyandclearly explainmyresearch process

andfindings tovarious audiences has helped me develop my dissemination skills and creativity in
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reporting. An example of this is highlighted in appendix 2 which shows the ‘talent card’ idea which
wasused toimprove player/parent engagement in the feedback process. However, with perceived
improvements in reporting skills through written reports, | feel  have not made the same progress in
mypublicspeakingability, especiallywhenaddressingacademicaudiences. Thisconclusionis
reached simply from a personal feeling during speaking in which I still feel very nervous and anxious
whilst delivering my content. | feel thisis an area of professional development which will continue
beyond the completion of the professional doctorate process. Lastly, the writing of this section of
mythesisperhapshighlightsmylast professionallearningoutcomefromtheprocessasawhole. |
now appreciate the value of reflective practice and | have been able to develop a personal process

which has enabled me to reflective on my professional practice. Thisin turn has provided me with an

DESIGN - APPLY - ASSSESS - REFINE

internal framework which | can use for professional and personal development. This framework
sounds simple and obvious, but it helps me conceptualise ideas and is summarised in the following 4

words:

This professional doctorate journey began with the presenting of aresearch question by
my academy manager: which is the best way to assess and monitor the technical performance of our
young players so we can provide them with valuable feedback to facilitate their development?
Ultimately this was my primary aim and | wanted to make a significant contribution to my
organisation. | feel that the research carried out and the knowledge obtained from completing this
processhasallowedmetosuccessfullyachievethisaimandisperhapstheonelammostproudof.
Theimpact of my research and the knowledge | have acquired is reflected in 3 main key additions to
ouracademy programme. Firstly, the bi-annualimplementation of the TEEM developed in this thesis
into our academy programme, highlights the potential perceived value of the tool to my
organisation. Secondly, theintroductionof specific, detailedandobjectiveindividual player
development plans has provided players and parents with valuable feedback on current
performance levelsandfuturedirectionsfordevelopment. I feelthat thisprocesshasaddeda
‘growth mindset’ culture within our academy environment by promoting individual practice away
fromourstructuredsessions. Lastly, playersweresupportedand encouragedtoperformthis
individual practice away from structured sessions by the introduction of an intervention based on
the overarching results of the assessment process. Following the reporting of results, an online app-
basedtechnical programme wasofferedtoeach academy player whereby they couldfollowa
structuredindividualskills-based programme fromtheir mobile phonesor tablets topromote

deliberate practice. Althoughinthe early stages, | believe thiswillimprove theskill levels, orat least
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improve the mindset, of our playersin the long-term which | consider acommendable achievement

and was the ultimate goal at the beginning of this professional doctorate process.
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APPENDICES

Appendix 1 TrainingPlan

Development of any research projectrequirescareful consideration of both theinternaland external
factorswhich could contribute to the success or failure of the project. Therefore, the creationof a
detailed research plan whichidentifies both these internal and external determinantsis a critical
componentintheinitial stages of research development. Thisresearch plan will consist of 3 sections
whichwillinclude a professional self-assessment in order toassess my current abilitiesasa
researcherandasa practitioner; aliteraturereview forrationale and brief methodology of proposed

researchideasandalogistical trainingplantoestablisharealistictimeframeforcompletion.
PROFESSIONAL SELF-ASSESSMENT

Incurrent professional practice, continuous professional development (CPD) hasbecome anintegral
necessity imposed by many governing bodies. CPD embodies various methods which contribute to
thedevelopment of personal professional practiceandsuchmethodsinclude: furtherlearning
through knowledge attainment; critical reflection of practice and self-assessment. Boud (1995)
definesself-assessmentas “theinvolvement of studentsinidentifying standardsand/ or criteriato
apply their workand making judgementsabout the extent towhich they have met these criteriaand
standards”. Self-assessment enables students and professionals to truthfully assess their current
abilityinrelation to the professional field in which they aspire to practice in. This process remains
importantasit facilitates the development of agoal-orientated development framework towhichan
individual can set goals and strategize methods for achieving these goals. The remaining part of this
section will highlight various strengths and weaknesses identified by the self-assessment process
whichin turnwill provide aframework for goal-orientated professional development in conjunction

with the completion of this research project.
RESEARCHER COMPETENCY PROFILE

Tobegintheself-assessmentof mycapabilitiesasaresearcher, lutilised theVitaeResearcher
DevelopmentFramework (2009)whichisagloballyrecognised toolvalidated by theresearch
community. Figure 1 provides a summary of my analysis of current researcher competencies. From
the pre-determined categories set by the Vitae Researcher Development Framework, | identified
that my main strengths lay in my subject knowledge and information seeking as depicted infigure 1.

During my education and professional experience todate, | feel that | have developed strong subject
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knowledge which is evidenced by successful completion of both my Undergraduate Degree and my
Master’sDegree. Furthermore, thepractical experiencelhavegainedthroughdevelopingand
implementing a new sports science programme within my organisation has required me to explore
many research areas in order to establish best practice which has consequently enhanced both my
subject knowledge andinformation seeking skill set. |am familiar with current and previous research
inmytopicareabutalsoinotherareaswhichimpact mydaily practice and | have now become
familiarwithauthorsandresearcherswhohave madesignificant contributionstothefield.
Furthermore, | pride myself ontaking time to keep up-to-datewith current literature by carrying out
regular searchesinonline databases in order to optimise my professional practice. By utilising this
information seeking skill set, it enabled me to stimulate a thought process which helped me develop
ideasrelating to the development of aresearch project designed to overcome anissue identified
within my organisation. Investigating the subject area further fuelled my curiosity and enthusiasm

whichin turn contributed further to the construction of a research idea.

Researcher Evaluation Based on Vitae Researcher Framework

Subject knowledge
5

Society and Culture Information Seeking

Communication Methods Critical Thinking

Team Working Problem Solving

Project Delivery and Planning (/[ _ —~} Inquiring Mind

=—Phase Achieved (range 1-5)

Ethics, Principles ans
Sustainability

Enthusiasm

Health and Safety Self-Confidence

Continued Professional
Development
Time Manage ment Preparation and Prioritisation

I Self-Reflection

Figure 1. Evaluation of my researcher competencies identified by Vitae Researcher Framework

Twocompetencies highlighted from the Vitae Framework that | feel are important areasin
my future professional development arecommunicationmethodsandself-reflection. Throughout
my education, | feel one of my main areas of weakness has manifested in my oral communication

skillswhen delivering information to large groups of peers. | feel that |lam competentin
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communicatingonaone-to-onebasisoringroupsof colleaguesof whomlknowwell, however, |
feellessconfident when delivering presentations orideasin anacademic setting. Evidence of thisis
highlighted by poor results from assignments obtained during my undergraduate and post graduate
study thatinvolved academic presentations. Therefore, | aim to improve my confidence in my basic
oral communication skills by continuing to seek any opportunity to deliver presentations in order
developmyconfidenceinuncomfortable positions. Furthermore, Iwillexploreanyrelevant
literature which will provide me with any techniques, such as projecting positive body language,
whichin turn will help me develop my confidence in these situations. Progress in my development
will be measuredintrinsically through personal satisfaction of performance and also from feedback
from colleagues. In addition, a long term aimis to develop my skills to a standard whereby | am able
tosuccessfullydelivercontentandideasatconferencesorinacademicsettings. |feelthatthe
process of completing thisresearch project will provide me with an excellent opportunity todevelop
my oral communication skills as sharing project developments and ideas in an academic setting will
berequired. Furthermore, completingthevivaprocessinapressuresituationwillalsoprovide

invaluable presentationexperience.

The second area of development which | feel warrants attention is my ability to engage in
critical reflection of practice. Within professional practice, critical reflection has become and
essential and valued requirement and to date, | have experienced little exposure to this method of
personal development. I feel that my development as a practitioner will benefit substantially from
becoming compliantincritical reflection. Evidence of thisissupplied simply by possessing norecord
of previous reflective practice and being unaware of critically reflective techniques. I feel that the
Professional Doctorate programme will allow me to address this area as one of the course modules
requires me to provide a documented reflective account of the research process. This will compel
metodevelop myreflective techniquesandrefineanindividualised process. By analysingmy
researcher competencies, it isapparent that | could have expanded on numerous areas which | feel
warrant development. It should be noted however, that asafirst stage researcher, | expect that my
competencies will lie within the initial stages of development and that for the purposes of this self-
assessment, | have highlighted the competencieswhich | feel are mostimportanttomeasa
practitioner. On completion of this self-appraisal process, | recognise that there are other areas
whichwarrant development, however, | feel that these areas are not necessarily directly linked to
thiscurrent project and are more relevant perhaps to a future jobrole. In spite of this, | plan to re-
visit these researcher competencies following the conclusion of this current project to further my

skill set as an applied practitioner.

PROFESSIONAL COMPETENCY PROFILE
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Asasportsscience practitioner, itislogical to aspire toberecognised and accepted asan accredited
memberof mygoverningbody, whichinthiscase, istheBritish Associationof SportandExercise
Scientists (BASES). To assess my competencies as a practitioner, | applied the BASES accreditation
competency profile to my own professional practice and evaluated my competency using a scale of

1-4. Results from my evaluation are presented in figure 2.

Professional Evaluation Based on BASES Competency
Framework

Scientific Knowledge

Professional
Relationships and
Behaviour

Technical Skills

Understanding of the
Delivery Environment

Application of Knowledge
and Skills

Evaluation (range 1-4)

Management of Self,
Other and Practice

Understanding and Use
of Research

Self Evaluation and
Professional
Development

Problem Solving and .
Impact

Communiation

Figure 2. Evaluationof my professional practitioner competencies determined by the BASES

accreditation competency profile.

Competencies that | feel warrant further elaboration for self-development purposes are
technicalskills and problem solving and impact. From my education and work experience todate, |
have had limited exposure to laboratory techniques and various technology now commonplace in
thesportssciencefieldwhichisadirectresult of financial limitationsandavailability of equipment
and technology (such as GPS) within my organisation. Although I feel | possess the required
knowledge to effectively utilise such technology, | feelalack of hands-onexperience inday-to-day
practiceinhibits my professional skill setinthisarea. Lastly, Ifeelthatinordertobecomea
recognised practitioner in myfield, it isimportant to me personally and for my organisation that |
begintocontributetothedevelopmentof relevantresearchprojects. However, todate, |

acknowledge that | have not made any significant contributions to the research in my field and, in
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ordertodevelop this key competency further, | plan to contribute to the scientificresearchinmy
chosen field by means of accepted publication and to continue to contribute to the literature

beyond the completion of my Professional Doctorate study.
BEHAVIOURAL CHARACTERISTICS

Toassess mybehavioural characteristics, | utilised the Behavioural Profile Report developed by PDA
International (2004), the results of which are depictedinfigure 3. The Behavioural Profile Report is
aninternationally recognised methodof assessingbehaviouralcharacteristicsandtendencieswhich

caninfluence how anindividual operates in professional practice and is used by many organisations

worldwide.
Behavioural Traits (range1-7)
Risk
7
\
Self-Control \ Extroversion

( —— Behavioural Traits (range1-

5]
7)
\'_//
Conformityto ———

atience

Norms

Figure 3. BehaviouraltraitsasdeterminedbytheBehavioural ProfileReport (PDAInternational,
2004).

Fromthereport, thetwomainareaswhich havefallentowardsthe ‘intense’ sideof the
scale are extroversion and patience. Thereportaccurately revealed thatlama sociable person and
enjoyworkingas part of ateam. | feel that thisisanimportant personality traitinmy current
professionalrole as the success of my project relies on using participants from groups that have tight

training schedules anditisimportant that, insome circumstances, lamable to successfully convince
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teamcoachestosacrifice some of their training time for the purpose of data collection. This means
thattheabilitytobuildeffectiveinter-personalrelationshipsbecomesanimportantfactor.
Furthermore, the report further suggests that “l ameager to please” and require regular appraisal to
consolidate performance. Inmy current job role, no formal procedures are in place which provides
feedback of professional performance such as formal appraisals or annual reviews. | feel that this
situation makes it difficult to assess my performance as a practitioner and that in order to ensure on-
going progression; thisisavital processwhich must be addressed. Furthermore, aslamasole
member of staff in my department, | lack a support network and mentor to interact withwhich can
be usefulin circumstances where important decisions have to be made. Following this, the results of
theBehavioural Profile Reportalsoidentifiedthatlamanimpatient personandhaveadesireto
obtainresults quickly. Thereport stipulates that |am proactive and like to get things started quickly
whichinturncanleadtotryingtomanage toomanyprojectsat theonetime. Implicationsfor
impatiencealso liein the fact that, although | am very evidence based, it is possible that | may make

impulsive decisions which could consequently affect the effectiveness of my decisions.

Insummary, itis clear to me that in order to progress as a practitioner; I must seek toinstall
methodsofregularformalprofessionalappraisalsfromsuperiorsinordertoensure continuous
quality service provision. Furthermore, I should try to establish a support network through which |
canpresentideasandreceivecritiqueorjustification foranydecisions that arerequired tobe made.
Lastly, I should think carefully about which projects to take on and slow down my decision making
processbytakingtimetocontemplateandcriticallyreflect. Oncloserobservationof theother
personality traitsoutlined in figure 3, there doesn’t appear to be any other potential issues that

warrant further expansion in terms of impacting the success of my research project.

LITERATURE REVIEW

INTRODUCTION

Inmodern football over the years, steady improvementsin physical and technical performance have
resultedin the evolution of our game making it more exciting than ever before (Barnes et al., 2014).
Clubs throughout the world invest millions on developing the best academy structures and research
centres, whichareinvariably built around a clubs individual playing philosophy, to develop the next
starof the future that will hopefully progress onto first teamandinternational level. However, inthe
caseoftalentdevelopment,itisstillunlikely thatwepossessallthenecessaryobjectivedatato
clearly define the specific attributes a young aspiring footballer requires to successfully compete at
thehighestlevel. Bybeingabletocombinesubjectivedataobtained frommanyyearsof quality

coach practicewithobjective dataattained fromscientificinvestigation, we could betterequip our
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clubswithvaluableinsightsintotalentdevelopmentwhichinturnwouldreducetheelementof
chance and improve the prospects of player progression through scientific process in order to aid
the highly complex and multi-factorial process. Therefore, it would seem logical to assume that the
more objective data we have at our disposal, the better the chances will be of improving the process

of developing a high-quality future generation of players.

Todate, sports science research has had a strong focus on improving physical performance
andinjury resistance through sub-topics such as strength and conditioning research, training load
optimisationandathletemonitoring, however, oneimportantaspectof performancewhichis
perhapsoftenoverlookedintheliteratureis technical performance and how thiscanbe best
optimised throughout aplayer’s development (Reilly & Gilbourne, 2003). Perhaps one of the reasons
whythisisthecase, is, that measuringandtrackingthetechnical performanceofyoungplayers
through their developmental yearsandinto their professional careersis difficult toimplement with
nofullyaccepted ‘gold standard’ method of assessing performance. Furthermore, itisimportant to
understand why measuring technical performance is important and the value of the data that the
processcanprovide. Relativelyrecently, Barnesetal. (2014)reported, through thelargest collection
of matchdatatodateutilising22,846 player observations from playersinthe English Premier
League, that over 7 consecutive seasons, we have seen a steady improvement in players technical
ability with players performing over 40% more passes, receiving 17% more passes and having an 8%
better passcompletionrateinthe most recent seasoncomparedwith thefirst season of data
collection. This study alone highlights the importance of technical ability in modern football. In
further support of this analysis, Rampinini et al. (2009) and Dellal et al (2011) also demonstrated the
importanceoftechnical performanceandtheimpactof superiortechnical performancehason
success across 3 top European domestic leagues. By taking into consideration the data presented
here, it would seem pertinent and imperative that we are able to assess and monitor the technical
abilityof ouraspiringplayers. Inordertoachievethis, we must firstrecognise the needforthe
development of a valid and reliable assessment protocol which is specific to the aspects of
performance we want to measure. Previous research studies have adopted a magnitude of various
assessment protocols with varying degrees of success and limitations. In order to further develop a
robust assessment protocol which can be easily applied inapractical setting toaid in the continuous
development of our players, we must first explore the existing literature to gain aninsight into the

research area.

‘Closed Skill’ Assessment Protocols
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Several authors to date have attempted to pioneer the development of various tests that
assessaspectsof technical performanceinyouthfootballers. Awealth of previous research
exploringthedevelopment of assessment protocolsformeasuringtechnical performancehas
focussed primarily on assessing individual aspects of technical performance inanisolated skills
assessment situation (Alietal., 2007; Borgesetal., 2017; Huijgenetal., 2013; Kellerat al., 2016;
McDermottetal., 2015; Pracaetal., 2015; Reilly et al., 2000; Rubajczyk & Rokita, 2015 & Wilson et
al., 2016). Twoofthemost frequentlyadoptedassessmentprotocolsof thisnatureincludethe
Loughborough Passing Test (Alietal., 2007) and the General Soccer Ability Skill Test Battery (Mor &
Christian, 1979). Both testsrequire participants to successfully complete afootball specific taskin
theshortest timepossible. Forexample, the Loughborough Passing Test requires the participantsto
complete 16 passes against pre-determined targets in the quickest time possible. Results from
studiesadopting protocolssuchasthesehave shownthat thetestsarecapableof successfully
distinguishing between elite and non-elite players (McDermott et al., 2015; Huijgenetal., 2013 &
Keller et al., 2016).

Onemajorlimitationwiththeimplementationof ‘closedskill’ teststoassesstechnical
performance lieswithin thefactorsrelating tothe ecological validity of the testand howit correlates
toactualcompetitive gameperformance. The process of football performance hasbeenidentifiedas
aseries of actions which comprise of communication (information gathering from the surrounding
environment), decision making (what todo) and action (execution of askill) (Pracaetal., 2015). This
processrequiresbothaninternalandexternalfocus, sotherefore,itcouldbearguedthattests
isolating only one aspect of technical performance that do not require a great deal of external focus
andinturndonotrepresentcompetitivematchplayscenarios. Insupportof this, Rubajczykand
Rokita (2015)reportedinastudyofyoungfootballplayersinPolandthatperformancein ‘closed
skill’ football specific tests correlated poorly with performanceina5v5 small sidedgamerelated test
(0.325-0.452). However, it must be highlighted that, in this particular study, performance in the
small sided game test was measured using a subjective opinion of 5 ‘expert’ coaches resultinginan
intra-observer coefficientof variationranging from34-37%and therefore thereliability of this
method of assessment should be taken into consideration. In addition to this, Pracaetal (2015) also
statethat “goodtechnicalperformancerequiresstablestructuresthatareabletoelicitsimilar
responses in similar contexts as well as flexible structures that are able to permit the executionof a
technique based on the person-environment task relationshipi.e. inagame situation”, providing
support for the development of an objective assessment protocol which takes into consideration the

demands of competitive match play.

‘Game Related’ Skill Assessment Protocols

132



The concept of assessing technical performance in competitive match play situations has
been previously investigated by a number aresearch teams and has resulted in the development of
various methodologies. Previous research hasattemptedtodevelopamodel which takesinto
consideration the element of external focus that is required during match play, many of which have
evolved fromaphysical education perspective asopposed to elite sport (Garcia-Lopez etal., 2013;
Grehaigne, 1997; Nadeauetal., 2008; Oslinetal., 1998 & Waldron& Worsfold, 2010). Oneofthe
earliestand perhapsmostinnovativeattempts, derived fromphysical educationteachingliterature,
todevelop agame-basedskills assessment model was conducted by Oslinetal (1998) and was
named the Game Performance Assessment Instrument (GPAI). This model involved participants
competinginasmall-sided game format, during which, observers would observe each individual
performer fora10-minute period and record efficient skill executions, inefficient skill executions,
effective decisions made and ineffective decisions made using a hand notation system. Results from
theinitial development studies demonstrated that the test was reliable for skill executions across 3
sports(0.971,0.844and0.850forsoccer, basketballand volleyball respectively). Furthermore, the
study reported that the assessment was able to discriminate between ‘high performers’ and ‘low
performers’ witheffectsizesrangingfrom1.58-1.93acrossall 3sportsandalsointer-observer
reliability scores that ranged between 0.73-0.97. However, although this original research article was
innovative, variouslimitationshavebeenidentifiedandinafollow-uparticlebyMemmertand
Harvey (2008), the authors raised some concerns about the GPAIl and also offered some suggestions
on how to rectify them. One issue raised by Memmert and Harvey (2008) was the subjectivity of the
coding system used todiscriminate between efficient and inefficient skill executions. Thiscame to
fruition following the perhaps over-simplistic framework by which the observers assessed
performance (table 1). Furthermore, there are several other factors that should also be takeninto

consideration which will be briefly discussed: 1) as the player is assessed inreal-time,

1. Decisions Made Player chooses to pass to an open teammate

Player chooses to shoot when appropriate

2. Skill Execution Reception - Control of pass and set up of ball

Passing - Ball reaches target

Shooting - Ball stays below head height and is on target
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3. Support Theplayerappearedtoattempttosupporttheballcarrierbybeingin/

moving to an appropriate position to receive a pass

Table 1. Criteria for appropriate/ efficient action rating (Oslin et al., 1998):

it could be possible that some actions may be missed by observers; 2) If there was any doubt about
the coding of one particular action and the observer hesitates in any way, this could also affect the
outcome of the selected code and finally 3) By observing a 10 minute snapshot of performance, it
couldbepossiblethat theplayerisgoingthrougha ‘quietspell’ wherethenumber of technical
actions performed is reduced which may not provide an accurate representation of true

performance.

Following on from the work by Oslin et al (1998), Garcia-Lopez etal (2013) also developed a
new novelapproachtoassessingtechnicalandtactical performancesolelyfor the purpose of
football. The main difference between the tworesearch projects was that Garcia-Lopez further
developedthegamebased modelbyintroducingavideoanalysiscomponent tothe protocolby
whichsmall-sidedgamesituationswererecorded andsubsequently re-visited for codingand
analysis. However, attentionisdrawntosomeof thelimitationsrelatingtothisresearchwhich
should be considered: 1) notest/ re-test measure was taken to ensure reliability of the assessment
protocol 2) validity is only measured by investigating the relationship between performance and
level of expertise and is perhaps more suited for talent identification purposes rather than talent
developmentandfinally 3) theframeworkdescribesdetaileddescriptionsof codingeventsfor
technicalandtactical parameterswhichinclude bothonthe ball and off the ball actions; however, it
couldbesuggestedthat the frameworkhasnow perhapsbecomeover-complicatedandlabour
intensive whichquestions the study’s practicality and justification foritsinclusioninanoverall test
battery - thereby further supporting the need for a practically applicable and easy-to-administer

technical assessment protocol which takes into consideration the demands of competitive match

play.

Previousresearchteamshaveadoptedtechnicalabilityassessmentproceduresbased
around the foundations of a small sided game format, during which, performance is assessed. This
approach makes sense given the number of ball interactions during small-sided games compared
withcompetitive matches (Kelly & Drust, 2009; Barnes et al, 2014) thus allowing players to perform
ahigh number of technical actionsin a shorter time frame making analysis more time-efficient. In
contrast to this, Waldron and Worsfold (2010) designed and implemented an inventive research
protocol which aimed at assessing differences in game specific skills between elite and sub-elite

youthfootball players during competitive match play. However, the applicability of this method of
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assessment for monitoring the continuous development of young players within an academy setting
would appear to be one of its main limitations. By employing this methodology, sport scientists/
analysts are required to analyse data for every player during full or partial duration competitive
matches meaning that the process becomes very labour intensive and time consuming with a high
number players demanding analysis. Furthermore, continuous monitoring of playersisrequiredto
track progressin development and therefore ongoing analysis throughout the playing season would

further contribute to the labour and time demands.

Insummary of the selected previous research studies presented in this literature review,
severalconsistent limitations appear toemerge from the methodology. Firstly, there appearstobea
wide variety of game formats and conditions during which performance is measured. Suchvariation
inconditions could consequently affect technical performance aschangesin available space, andin
turn, time on the ball may affect the decision-making process and resulting execution of technical
actions. Secondly, withthe exceptionofthe ‘closedskill’ tests, noresearchstudyhasreported
reliability statistics meaning that no methodology can be considered as being ‘gold standard’ due to
uncertaintyaroundreliability measures. Thirdly, all previous research studies to date have focussed
their effortsaround discriminating between ‘elite’ and ‘sub-elite’ players which provides a useful
tool for the purposes of talentidentificationandinturnastrongconstruct validity measure,
however, tomyknowledgenostudyhasreportedanymethodology’ssensitivitytochangeovera
longitudinal period whichisacrucial factorintalent development (Vaeyens et al, 2008). Lastly, the
aforementioned studies apply a multitude of various coding systems that range from perhaps over-
simplistic, toover-complicatedforanalysisof technical performance whichinturnmayinfluencethe

practical applicability of the assessment protocol.

Despite these limitations, it can be agreed that utilising asmall- or large-sided game format
containing a video analysis component provides compelling objective data about the technical
abilities of youth soccer players. It is therefore the opinion of the author that a consistent
methodologywithsimpler practical applicationswould provide avaluable tool forassessinga
criticallyimportant aspect of performance. With thisinmind, the aim of this research projectisto
remodel the existing researchinorder todevelop an easily applicable, valid and reliable technical
ability assessment protocol whichis capable of trackingimprovementsinperformance over a period
of timeforthepurposesoftalentdevelopmentineliteyouthfootballers. Followingonfromthis
paragraph, a brief outline of the proposed studies which will construct this research project will be

presented.

Study 1

135



Development of Assessment Tool - Content Validity and Initial Instrument Design

Experimental Approach to the Problem

Thisstudy willinvestigate coaches’ perception towardswhichattributesare deemedmostimportant
forelitetechnical performance. Using asmall group of expert coaches, the DELPHI technique (Dalkey
& Helmer, 1963) will be applied to explore personal opinion and subsequently, datawill be
consolidatedand filtereddownuntilall coaches agree onspecific content tobeincludedin
assessment protocol whichin turn will determine the framework. The framework will also attempt
toincorporateatactical element which will assess decision making, akey determinantinthe success
of technical actions (Garcia-Lopez et al, 2013). Following this process, the assessment tool will be
created by combining the newly acquired content data and a previous research design which utilises

asmallsided game protocol for the purpose of talent identification (Unnithanetal, 2012).

Study 2

Development of Assessment Tool - Reliability

Experimental Approach to the Problem

This study will determine the reliability and reproducibility of the newly developed assessment
instrument. The assessment protocol will be administered to a sample of youth football players
within a professional academy. Within 7 days, the assessment protocol will be administered again
and a reliability statistic determined. The assessment protocol will be analysed retrospectively using
videosobtained during the procedure and analysis will be performed by the same observer to

provide details of intra-observer reliability.

Study 3

Using the Assessment Tool - Face Validity

Experimental Approach to the Problem

This applied project will investigate the extent to which the assessment tool is sensitive enough to
detect changesin technical performance for the purpose of talent development. The project will
employ a longitudinal intervention study which will involve analysis of assessment results over a
competitiveseason. Theassessmentwill beadministeredtosampleof playersat 3 timepoints
throughout a competitive season during which players will carry out their habitual training routinein
linewiththeclubscoachingstrategy. Followingdatacollection, resultswillbeanalysed todetermine
any statistical differences between the assessment protocols. Furthermore, effect sizes will be

calculatedtodeterminethe magnitude of change. Resultsof thisstudy shoulddemonstratea
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significant improvement between assessment 2 and assessment 1 and also between assessment 3

and both assessments 2 and 1.

Study 4

Using the Assessment Tool - Face Validity

Experimental Approach to the Problem

This study will further improve on the protocols validity by investigating the relationship between
thetestandreal-lifecompetitivematchplay. Fourcompetitivematcheswillberecordedand
subsequently analysed fromasample of youth footballers within a professional academy. The same
coding and scoring system used in the skills assessment will be used to provide an objective analysis
of technical performance incompetitive match play. Acorrelation analysis will then be applied to
determineanyrelationship betweenperformanceinthetechnicalabilityassessment asdetermined

byobjectiveresults generatedbytheassessmentinstrumentand competitive match play.
LOGISTICAL RESEARCH PLAN

Thefinalsectionof thisresearch planwill provideaSWOT analysisand graphical depiction of
proposed time frames for completion. The SWOT analysis will highlight any potential internal or
external concerns which may pose a threat to the success of this project. The SWOT analysis canbe

seenin table 2

INTERNAL EXTERNAL

Strengths

Woeaknesses

Opportunities

Threats

1. Part of day-to-day
practicesoiseasyto
collectalargedataset

(initial studies)

2. Thecomplexityof
the project is
relatively low and
manageable meaning
it should be easily

implemented

4.Failure to
scientifically validate
the tool which will
consequently impact
the success/
possibility of
completing the
remaining research

studies

7.Inmyjobrole, lhave
fullcontrol over the SS
side of the
programme and
therefore | can
implement the

investigationfreely

8. The research
hopefullyhasthe

potential tohavea

10. Termination of

employment

1. Fittingaspectsof
theresearchintoan
alreadybusyschedule
i.e. first team data
collection, training

intervention study
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3.Follows a logical
progression from
initial development of
thetoolintopractical
application which will
intend to make it
highly relevant in a

practical setting

5. May be overly
ambitiousandtime

consuming

6. Requirestheuseof
techniques | am
unfamiliar with (video

analysis)

positiveimpactonmy
organisation and
otherorganisationsin

Scotland

9.Willbenefitmyclub
inthe longtermand
will provide a
powerfultool toaid
our decisionmaking
process as a multi-

disciplinary team

12. Variance in day-to-
day plans and
schedules e.g. re-
scheduling of training
to accommodate

games

13. Changes to
academy structure in
Scotland i.e. Winter

Seasons

Table 2. ASWOT analysis identifying internal strengths and weaknesses of the research idea and

external opportunities and threatswhich have the potentialtoinfluence the success of the project.

One of the potentially limiting factors observed from the SWOT analysis which presentsitself

inboth theinternal (weaknesses) and external (threats) sections of the analysis relate to the issue of

timemanagement (5and11). Onemethodof optimising timemanagementis throughtheuseofa

GANT chart (figure 5) which provides visual and schematicrepresentation of how the various

components of the project will be structured in order to ensure timely completion.

The proposed timescales presentedin figure 5 are constructed around the current structure

of theYouthAcademyProgrammeandseniorcompetitiveseasoninScotland. It shouldbenoted

however, that due to a potential re-organisation of the Youth Academy Programme, it is possible

that the competitive season for academy playersin this country may be moved to the winter

months, meaning that the GANT chart presentedinfigure 5 willhave tobere-configured to

accommodate for this process. In spite of this, | am confident that there will be no issues regarding

data collection.

Thefinalitem to be discussed following the presentation of the table 1 and figure 5 relates

toproject2. Asdepictedin figure 5, it can be seen that the data collection periodfor this segment of

the project is spread almost entirely throughout the 3 year data collection period. The reason for

this, is because due to the fact the project requires data collection from our 1°* team players, | will

need to seek permission from the first team manager to carry out the data collection and the time
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he grants me permission todosowillbe completelyat hisdiscretion. Duetothenatureofthe
technical ability assessment tool (small sided game), | do not foresee any issues gaining permission
tocarry out the assessment as the team regularly uses small sided game protocols as part of their

habitual trainingregime.

Inconclusion, thissectionof theresearch plan, whichconsiders logistical deliberations, isa
vital component of the research project process as factors such as time management and
organisation can ultimately determine its success. | am confident that | have considered all the
internaland external factors which may pose a threat to the completion of my project and
furthermore, | feel have | have established realistic time scales whichcanbe adhered toinorder to

successfully and simultaneously complete my project within my day-to-day practice.
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2017

2018

2019

2020

MONTH

STAGE OF RESEARCH

SONDJFMAMIJJASONDIJFMAMIJJASONDIJFMAMIJJASONTD

DATA COLLECTION
Content Validity and Intsrument Design
ANALYSIS OF RESULTS

WRITE UP

DATA COLLECTION

Test/ Re-Test

ANALYSIS OF RESULTS

STUDY 2

WRITE UP

DATA COLLECTION

Sensitivity to change - training intervention

ANALYSIS OF RESULTS

PROJECT 1

WRITE UP

DATA COLLECTION

Benchmarking - first team data

ANALYSIS OF RESULTS

WRITE UP

[T T TP L

Figure 5. AGANT chart outlining a basic, realistic time plan for completion of the research project.

Appendix 2 Practical Applications: Talent Card

- I




