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Abstract

Many skills underpin the performance of sporting officials, however deemsaking is regarded as the
most critical. There are finite efield opportunities to develop decisiomaking of sporting officials in
training and competition, as a consequencdewbased approaches are typically used to assess and
develop decisiomaking skill. Existing methods such as the use of match broadcast video may not be
an ecologically valid method to present decismaking scenarios. With technological advancements,
ugng virtual reality may improve the ecological validity of videased approaches to improve
decisionmaking. Study 1lsystematically reviewed existing research utilising vidased testing to
assess decisieamaking in officials, which often differentiatdsetween skill levels to demonstrate
construct validity.Study lidentified several limitations including common use of match broadcast
video, limited reporting of reliability, and studies often solely reporting number of decisions rather than
performanceaccuracy. Comparison between vidmsed and Hgame decisiommaking performance

was rarely conducted. This study provided the foundation to further examine the efficacy ef video
based tests in sporting officialStudy 2developed two valid and reliablédeobased tests, based on

the recommendations &tudy 1 As match broadcast video is the most common vimesed testing
method for officials, it was compared with 360° VR to assess deaisaking accuracy. BotB60° VR

and match broadcast vidbased ¢sts demonstrated construct validity and high reliabitity 0.89).
Stronger ecological validity was evident in 360° VR than match broadcast, as participants rated 360°
VR to be more representative ofgame decisiomaking processe&tudy 3aimed to @termine the
relationship between decisianaking accuracy in both viddmased tests (360° VR and match
broadcast) and igame of elite Australian football umpires, given that this limitation of the research
was identified inStudyl. Study 3used validaté videcbased tests fronstudy 2 There were no
significant relationships observed for decisioaking accuracy between-game and videbased
testing.Studies 2and3 provide findings on testing, however it is unclear whether 360° VR or match
broadcasts more effective for developing decisioraking. Study 4assessed the effectiveness of a
video-based training program using 360° VR or match broadcast to develop dea#diorg in amateur
Australian football umpires using a randomised control study deBigcisioamaking was assessed



using the valid and reliable tests $tfudy 2before, immediately following, and one month following
training (retention test). The 360° Miroupexhibited significantly higher decisiemaking accuracy

(p < 0.05) than the control group at retention testing, with no betge®rip differences observed for

the match broadcast group. Participants rated 360° VR as more relevant and enjoyable than match
broadcastin summary, this thesis aimed develop and evahte the effectiveness of 36UR as a
video-based testing and training tool in Australian football umpifdgough 360° VR and match
broadcast appear to have strong construct validity and reliability, currently, there is limited transfer to
in-game perrmance. Further, based on these restlts,not definitive whether 360VR is a more
effective training tool than match broadcast. The findings of this thesis indic&t¥B6fay be more

ecologically valid than match broadcast and warrants furthestigation.
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Chapter 1: Introduction

When participating in sport, there are a range of factors or skills that contribute to successful
performancePerceptuatognitive skills encompass the ability to identify crucial information in the
sporting environment, incorporate this information with existing knowledge to select, and execute an
appropriate responséMarteniuk, 1976) Perceptuatognitive skils such as decisiemaking,
anticipation, pattern recall and situational probabilities are a central component of sporting
performance, with the sensitivity to differentiate between lesser and higher skilled perfi@ereys
Abernethy, & Co6té, 2008; Wikims & Ericsson, 2005)Decisionmaking is one of the primary
perceptuaktognitive skills in sport, defined as perceiving information, correctly interpreting, and
selecting an appropriate response from the options percéBadckr, Coté, & Abernethy, 2003)
Scientific research investigating decisimraking in sport has typically focused on decismaking
skill in athlete populationéBaker, Cote, & Abernethy, 2003; Williams & Ericsson, 2Q0&}h sports

officials undefinvestigated in comparison.

There ha been an increase in empirical research of officials in recent(ysrsock, Bennett,
Roaten, Chapman, & Stanley, 202@iteractor officials, such as soccer referees and Australian football
umpires, defined as having high perceptual and physical denftatMahon et al., 2014have
frequently been examined in the literature. This developing research area is due to the important role
officials play in sport, where each decision has the potential to influence the outcome of @ ar&ich
Berry, Dawson& Lay, 2011) Gi ven t he of f iptayrad obenforcimpthelantsafnt mat
the game, decisiemaking is considered the most important skill for successful perfornfaieteen
& Bultynck, 2004; Kittel, Larkin, Elsworthy, & Spittle, 2019b; M@ri & OO Co n. Daspitethe2 0 1 6)
importance of decisiemaking, more scientific studyHancock et al., 2020and training time
(MacMahon, Helsen, Starkes, & Weston, 200¥% been devoted to other components of performance
such as physical fitness. Althgluthere is a heavy focus on physical factors in the research and training

environmentRaab, MacMahon, Avugos, & Bd&li, 2020) existing literature suggests that cognitive



attributes such as decisiomaking are much more important than physical fithesssticcessful

performancd Ki t t el et al., 2019b; Morris & O6Connor,

The decisiormaking processes of Australian football umpires are very unique. For example,
there are laws in Australian football where umpires muosike decisions usingcertain
processes/heuristics where they are several options for a potential free infringement of tharkamys (
Mesagno, Berry, & Spittle, 2018a0ne of the most complex laws for an umpire to interpret is that for
a tackling situati &, dwing haredhigue itobshe dpdd of Austcalien as 6
football (Larkin et al., 2018). Australian football umpires are also expected to apply the laws in a black
and white manner, irrespective of the context surrounding the decision (Kittel et al.,.2ZDdi8b}%
different to other sporting officials such as soccer referees who help shape the game by being proactive
in warning the players to encourage fairness, and sometimes take context into their-deaanon

process (RusdelRenshaw & Davids2019)

In terms of both assessing and training the critical skill of decisiaking, it has been
acknowledged irgame performance is the best method to meg8oeney, Berry, Ball, & Larkin,
2019)and develop this skiMacMahon et al., 2007aJ here are s@ral limitations of using only en
field performance measures to assess decini@king skill level, despite igame performance being
t he most val i d or (Booey ét als 20dI)Fbraexample, therea areu large
fluctuations from game to g# in terms of teams officiated, number and type of decisions, and crowd
size to name a feyCorrigan, Dwyer, Harvey, & Gastin, 2019yhich makes analysis and comparison
of in-game performance difficult. In order to reliably assess deeiiking perforrance, researchers
and practitioners need to explore alternative reproducible measures to assess megisigrskill to

use in conjunction with (not in replacement ofg@me processes.

A common offfield method to assess and develop decisiatking skil is using videebased
approaches, which present sggpecific decisiormaking scenarios in a video format with the goal of
simulating orfield decisioamaking. Videebased approaches typically isolate the decigiaking
componen{Larkin, Mesagno, Spit, & Berry, 2015)0 provide a more accurate understanding of an

individual 6s ski ll |l evel, negating the interfer

2



purpose of assessing decisimaking skill, videebased testing overcomes the limuati(i.e., game to
game variability) of inferring decisiemaking skill from match performance. This is achieved by
presenting consistent decisiaraking scenarios in video format, enabling a reliable tool to distinguish
betweenrparticipant skill level andindividual changes over time such as following a training
intervention. No research currently exists which summarises the existing literature base-basgo
testing in sports officialAs outlined by van BiemerKoedijker, Renden, & Man{2018), vide-based
approaches for testing and training decisiaaking typically decouple perception and action. When
making a decision while using vidé@ased metha] participants typically verbalise their decision or
press a button. This is a key limitation whesing videsbased methods for athletes who typically
perform perceptuahotor skills, such as making a decision then passing the ball. Officials perform
perceptuaktognitive tasks where they do not pass or interadgll. As this is more representative of
actions in games psrts officials may then be an ideal group to examine vizbs®d methods which

do not couple perception and action.

For videabased tests to produce meaningful and useful outcomes, it is important to establish
the reliability and vallity of these measurgdarkin et al., 2015) Videobased testing has been
investigated as a means to distinguish between expert and novice de@&iens. For example, video
based testing demonstrate construct validity by differentiating between exgembeice Australian
football playergLorains, Ball, & MacMahon, 2013@nd umpiregLarkin, Mesagno, Berry, & Spittle,
2014a) This concept of construct validity (i.e., distinguishing between different performance levels) is
common in videebased testingesearch examining the differences between expert and novice decision
makerqGadotti, Vieira, & Magee, 2006T here are, however, several limitations present in the existing
videobased testing literature. For example, few studies report the reliafilibe videebased test
(Larkin et al., 2014a; Spitz, Put, Wagemans, Williams, & Helsen, 204fich is an important
consideration to maximise the robustness and reproducibility of a testing tool. In addition, it has been
recommended that researchers $thexamine the transfer of performance inftgfd decisionmaking
tasks to offield performance which would provide further evidence of their valigitgradis, Larkin,

& 006 Co n n oResearchdsic@mmonly overlookslkedata due to the difficulty afbtaining such



sensitive information, and the lack of control researchers have over the game environment leading to
possible reliability issues. The comparison of-fadfd to onfield decisionmaking performance is

integral to determine the validity ofing bothtraditionaland novel videdased approaches.

In addition to being used as an assessment tool,-ideed approaches are more commonly
implemented as a means of developing decigiaking skill. Given the popularity of this research area,
severdreviews have been published outlining the current state of didsed training research and
future directions to be address@@roadbent, Causer, Williams, & Ford, 2015; Larkin et al., 2015;
Renshaw et al., 2018Previous studies use a range of tranmethods such as varied instructional
approachegFarrow & Abernethy, 2002)development of decisiemaking under fatigudKittel,
Elsworthy, & Spittle, 2019ajand manipulation of video spegdi®rains, Ball, & MacMahon, 2013a)

Given the difficulty of ttaining firstperson video footage, a common video presentation method is
termed match broadcast footage (footage generally used for televised games) which is filmed from a
fixed, elevated position in the grandstghdrkin, Mesagno, Berry, Spittle, & Haey, 2018b; Lorains

et al., 2013a)This is the most common video mode in videsed training studies in officiglKittel

et al., 2019a; Larkin et al., 2018b; Schweizer, Plessner, Kahlert, & Brand,. 2044h, Farrow,
Shuttleworth & Hopwood (2009) assesl perceptualognitive differences between fifgerson and an
elevated perspective similar to match broadcast, with players making better decisions in the elevated
perspective Officials, on the other hand, make different types of decisions to pldy@rgxample,

players make decisions on who to pass to, using information such as open space and the relative position
of different players Nlann et al, 2009 to dictate their decisions. Officials, however, often make
decisions based on the physicahtact between two players (Larkin et al., 2018) and therefore do not
use the same cues such as spatial information of relevant plalers. are limitations of using this
footage, however, as it presents a taidson perspective filmed from a sidelimasition rather than
first-person perspective, thus limiting the perceptual information perceived in actual competition
(Craig, 2013) This, therefore limits the representativeness (i.e., similarity to real competition) and
ecological validity (i.e., sintarity of perceptual cues) of the taGkraujo, Davids, & Passos, 2008

key component of a representative task is maintaining sources of information in the simulation that are



relevant to performance, in order for expert advantages to be presentg leadirmore valid tool

(Dicks, Button, & Davids, 2010; Ericsson, Krampe, & Te8dmer, 1993)

To overcome the limitations associated with match broadcast footage as both a training and
assessment tool, researchers have attempted to increase the rajiresens of videbased tools by
implementing firstperson viewpointPetit & Ripoll, 2008) A key concept of representativeness is the
visual correspondence of the task, or how similar the perceptual information presented is to that of a
game(Pinder, avids, Renshaw, & Araujo, 2011Although firstperson footage increases this first
aspect (visual correspondence) of task representativeness, behavioural correspondence (mimicking the
movement pattern of match play) is also inteqRihder et al., 2011)Virtual reality, defined as
simulations of a real or imaginary environment for a participant to perceive and move/interact within
the environment, has been suggested as a way to overcome the above lifiasign2013) Virtual
reality increases theebavioural correspondence, or perceptiation coupling of the task, whereby
athletes complete a sporting action in response to the deaigsikimg stimulus such as moving to
intercept an opposition pass in rugby un{Brault, Bideau, Kulpa, & Craig, 2@). Virtual reality can
be presented in a number of ways, such as a head mounted display, 3D projection, or a room with
screens surrounding the participant to present an interactive expdaig 2013) Head mounted
displays are an effective meandrorease behavioural correspondence of a task compared to footage
presented on a flat screen, as the video perspective automatically updates with changes in head
movementgCraig, 2013) Initial studies in virtual reality used animated environments andcctess
to present perceptuabgnitive scenarioBrault et al., 2012; Vignais, Kulpa, Brault, Presse, & Bideau,
2015) These virtual approaches have been developed to assist with peregtibarcoupling, which
is typically missing from existing scredrased approachg€raig, 2013) Despite these positive
advancements in the literature, representativeness may be increased by presemtioddre@ther

than animated footage.

360 virtual reality (360 VR; also known as immersive video) has emerged asvel
technology which retains some of the strengths of animated virtual realitypénstn perspective,

head movements), but using rearld 360 video presented on a head mounted display. As this



presents dirst-personperspective, this may beraore ecologically valid tool. For offeld decision
making tasks, it is important these are representative of performance constraints, and present similar
perceptual cues as the perceptual cues present in competition (i.e., ecological YAlidity etal.,

2007) Two studies have recently examined the effectiveness of this technology in developing-decision
making in basketball playe(Pagé, Bernier, & Trempe, 2019; Panchuk, Klusemann, & Hadlow, 2018)
with results indicating that 380/R can be effecte in training decisiommaking skill in basketball
players. Theoretically, 3860/R has stronger ecological validity than existing scieased approaches,

as the perceptual cues from the fpstson perspective are more similar to those perceived irhmatc
play (Araujo et al., 2007)In contrast to virtual reality (i.e., virtual environments), 38R is a suitable
training tool in populationsvho perform more perceptuabgnitive than perceptuahotor skills(i.e.,

does not require naturalistic interactiavith the environment; e.g., pass or intercept) such as sports
officials (Fadde & Zaichkowsky, 2018Although studies have suggested 38R is more ecologically

valid than existing method®ird, 2020; Fadde & Zaichkowsky, 2018here are no previoususlies

which have quantified the gartikeness of different videbased approaches such as°36& and

match broadcast.

There are several gaps in the research to be addressed as this novel technology emerges both in
the literature and practical setting®espitethe importance to reliably assess decisiwaking skill in
off-field settings for sports officials, no research currently exists summarising the existindpagimb
testing literature in sports officials. Secondly, the validity and reliabilityxiftiag match broadcast
video and novel 360/R technology should be established to identify the reproducibility and robustness
of each for decisioimaking assessmerAlthough 360 VR is theoretically more ecologically valid
than match broadcast, no research exists which quantifies the ecological validity of each video mode.
A reliable and valid tool will enable the assessment of performance change over time, such as following
a traning intervention within sports officials. Thirdly, more research is required to determine the
relationship of offfield (both existing match broadcast and 38®) approaches to efield decision
making skill. This is pertinent in sports officials whéesv studies have examined this comparison.

Theoretically, skilled perceptuabgnitive performance in representative tasks typically transfers to in



game, therefore it is necessary to assesdflaisest can be developed with a strong relationshipto on

field performance, this would assist with reliable talent identification and/or selection based on
decisionmaking skill. Finally, although some studies have suggesteti\BBOmay be an effective
decisionmaking training tool, this technology should bentzasted to existing videlbased training
methods to examine the real effect of 38& compared to traditional methodRepresentative learning

design suggests practice activities which are closer to performance demands will lead to stronger
learning adagations. More research is required to assess the efficacy of more representative approaches
such as 360VR. Given the importance of decisionaking skill to officiating performance, the use of

360 VR may establish a novel method to assess and devel@otdemaking performance within

sports officiating cohorts. No such research has examined the efficacy of these methods within

Australian football officials.



1.1. Structure and aims of the thesis

Broadly, this thesis aimed to develop and evaluate the effeeBgeof360° VR as a videe
based testing and training t onwakingskil.Whilathdreraelai an f c
range of perceptualognitive skills, given its importance to performance in sporting officials, such as
Australian footbalumpires decisiormaking will be the skill investigated in this thesis. Although this
thesis focuses on Australian football umpires, it is anticipated that the findings will be transferrable not
only to officials of different sports, but also to athlef€kis thesis begins with the literature review
(Chapter 2), followed by the four studies of this thesis: Study 1 (Chapter 3), Study 2 (Chapter 4), Study
3 (Chapter 5), and Study 4 (Chapter 6). Finally, Chapter 7 provides a summary of the research and
future recommendations. This thesis is submitted as a thesis by publication. The following studies have

been published or accepted for publication:

1 Chapter JKittel, Larkin, Elsworthy, & Spittle, 2019d)as published ifPsychology
of Sport andexercise

1 Chapte 4 (Kittel, Larkin, Elsworthy, & Spittle, 2019cyas published idournal of
Science and Medicine in Spprt

1 Chapter ZKittel, Larkin, Elsworthy, & Spittle, 202Mas been accepted for publication
in Science and Medicine in Football

1 Chapter gKittel, Larkin, Elsworthy, Lindsay, & Spittle, 202@)as been accepted for

publication inScience and Medicine in Football

As decisioamaking is the most important skill for sports officials, studies have become more
prevalent in recent years attempting to unidexs this skill and the factors that influencéGbrrigan
et al., 2019; Paradis et al., 2016; Spitz, Moors, Wagemans, & Helsen, Z8&8phvestigation of on
field decisioamaking is the most valid method to explore this skill, though there are |omisatif on
field decisioamaking assessment. For example, there are only a finite amount of games to officiate,
each of which have high physical loads and there is a high degree of variability from game to game.

Therefore, offfield videobased approacheseacommonly used to examine decisimaking skKill.



Study 1(Chapter 3) will present a systematic review of the existing knowledge base ohbeased

testing in sporting officials, with the specific aims to:

i. Summarise videthased decisiomaking assessmeriiterature in the domain of

interactor officials.

ii.  Analyse the various methods utilised to simulate mhkehdecisionmaking.

Several studies have identified the efficacy of vibased testing in assessing decigitaking
skill of athletes and officialin a controlled, offield manner, as summarised3tudy 1With the advent
of technology, 360VR is becoming widely accessible as a tool that may provide a morelg@me
presentation of decisiemaking scenarios than previous methdstsidy 2(Chapte 4) contributes to
existing knowledge by validating this novel technology along with previously used match broadcast

footage. The specific aims 8tudy Zare to:

i. Examine both the reliability and construct validity of two videsed methods to
assess Ausr al i an f oot b a-makinguskilp iThese 9wb videlkased s i o n
methods are 360VR (i.e., firstperson viewpoint) and traditional match broadcast
footage (i.e., thireperson viewpoint).

ii.  Evaluate the level of ecological validity of each method thhogameikeness ratings.

Although numerous studies have utilised vidbesed tests to measure decigiaking skill as
evident inStudy 1 very few have provided a comparison of performance in these tests to decision
making accuracy in a match (i.e., cagtiive environment). This is an important consideration as a test
that accurately reflects igame performance is a tool which has sensitivity to identify future talent,
discriminate between patrticipants in a controlled manner, and provide benchmaeks ford existing

athletes or officials for selection purposes. Therefore, the atuolfy 3s to:

i.  Determine whether two reliable and valid video modes (360° VR and match broadcast
vision) can distinguish between elite participants, based on game deusskimy

performance.



Video-based training programs are a common method for athletes and officials to develop
decisionmaking skill to complement igame practice. Studies (skearkin et al. (2015¥or a review)
have demonstrated that vidbased decisiomaking interventions can hasten the development of
decisionmaking skill, particularly in amateur participants. Most videsed training studies utilise

match broadcast videth{rd-persorviewpoint). The aims obtudy 4are:

i.  Determine the effectiveness lbdth 360° VR and traditional match broadcast video
based training methods in the development of decisiaking skill of amateur
Australian football umpires.

ii. Examine the representativeness of each video mode through assessment of

psychological fidelityand perception of deliberate practice.

Chapter 7 will present a short summary of each study outlined above, along with conclusions
and recommendations arising from this research. Given the results described herein, future research

directions will be outlied.

It is anticipated this research will provide a significant contribution to existing research
investigating tools to assess and develop decisiaking skills in interactor sports officials, with these
findings transferrable to athlete populations adsothere recently has been an increase in research into
the efficacy of 360VR, these findings will contribute to existing knowledge on the suitability of this
technology as an assessment and training tool. The efficacy and effectiveness of thisggetitidle

directly compared to previously used match broadcast video.
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Chapter 2: Literature Review

2.1.Officiating in sport

2.1.1.General roles and importance to sport

In any competitive team sport, there are typically two teams opposing one another. Matches are
played inaccordance with a set of rules and regulations to ensure a fair and safe environment for players.
The officials, commonly known as the umpires or referees, are ultimately responsible for implementing
the laws of the game. As such, officials play an irdbgrle in sporting competition and the importance
of this role is highlighted by the potential impact a correct or incorrect free kick/decision can have on

t he ¢game lsarkimetal.,20li)e

2.1.2.Types of officials

There are various classifications of sporting officials according to the specific role they have
and type of scenarios they asségdacMahon et al. (2014Jeveloped a classification system of three
categoriesof officials; including reactors monitors and interactors (Figure 2.1). Officials are
categorised based on the interaction with athletes, and the number or athletes or cues to monitor.
Reactorshave low interaction with their environment and cues to monitor, whereby they typically
respond to a singlevent (i.e., tennis line judge). While still having limited interaction with the
environment,monitorshave a higher number of cues and/or athletes to monitor such as judging a
performance (i.e., gymnastics judge). This review, however, will fociistenactorswho are defined
as having high perceptual demands and interaction with their enviroffiieciiahon et al., 2014)

Team sport officials such as Australian football umpires, soccer referees, and rugby league referees are

all examples of interactors.
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AF umpire
Soccer referee
Bacheibail referee Rugby league referee
High
Interactors
Soccer assistant referee
Wrestling referee
Amount of rolisiball ek
mteraction Volleyball referee
/movement , .
Reactors Monitors
Tennis line judge Gymnastics judge
Numb f /athlet
Low Low umber of cues/athletes High

monitored

Figure 2.1: Categories of officials from MacMahon et al. (2014).

Note: This continuum is based upon the number of athletes/cues monitored by the official, in conjunction with the
interaction and movemenbmpleted.

2.1.2.1.Interactor officials

Interactor officials are defined as having extensive physical and perceptualNtzddahon
et al., 2014) For example, the physical loads of officials are extensive, covering distances such as
approximately 10,000m in soer (Weston et al., 2012y,000- 9,000m in rugby leagugEmmonds et
al., 2015) 8,000m in rugby unioiBlair, Elsworthy, Rehrer, Button, & Gill, 2018and Australian
football umpires covering 10,500L2,000m per gami&lsworthy, Burke, Scott, Stever&sDascombe,
2014; Elsworthy & Dascombe, 2011y conjunction with the physical demands, sporting officials are
required to continually perform perceptual decisioaking tasks, based upon the actions of the players.
Previous studies have reported socdécials make on average 137 observable decisions per game,
with a significantly higher number of nasbservable decisior{glelsen & Bultynck, 2004)Specific to
Australian football umpiresisworthy et al. (2014)eported that these officials award oreeage 44
free kicks (i.e., penalties) per game (not including other decisions such as marks). In addition to free
kicks, Australian football umpires are suggested to view upwards of 2,000 decision moments per match

following an analysis of communicatiorrategiegNeville, Salmon, & Read, 2016These moments
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include marks, nowbservable and borderline decisions not considered a penalty. It is evident that the
different types of interactor officials have significant physical and perceptual loads, as indicated by
MacMahon et al. (2014)Given the substantial pkical and perceptual loads, fithess and perceptual
cognitive skills appear to be important for successful officiating for interactor offit{#tel et al.,

2019b; Morris & O6Connor, 2016)

2.1.3.Characteristics of elite officiating

Interactor officials sucls those from soccer, rugby, and Australian football possess a range of
attributes that contribute to performance succédascarenhas, Collins, and Mortimer (2005b)
developed a framework of components that contribute to successful rugby refereeingareréomvith
transferability of this model to other interactor officials. This research identified four cornerstones of
successful officiating includinghysical fitness, positioning & mechanics; knowledge & application of
the law; contextual judgement; amersonality & game management skilid| overarched by the
psychological characteristics of excellen&émilarly in soccer referees, there are a range of factors that
contribute to performance excellence. These include mental toughness attributes naimooks and
services, effective gammanagement qualities, mufceted prematch preparation, performance
level enhancement, opportunities to thrive, personal characteristics, and superior physical components
(Slack, Maynard, Butt, & Olusoga, 2013)hese studies provide a general snapshot of the range of

attributes required for successful officiating performance in interactor officials.

To understand key factors indicating successful performance in sporting officials, it is valuable
to rank these tadentify the most important attributeMor r i s and O @é&eapadar (201
hierarchy of attributes required for rugby league officiating excellence. This knowledge provides
direction for coaches to allocate more training time and researchers a framoéwdnich skills need
greater investigation to improve performance. This study identified decisaing, defined as a
cognitive attribute to be the most important attribute for successful performance, with other cognitive

attributes such as reading tgame and communication ranked within the top thiMderris &
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O6 Connor These findirgyy demonstrated a high degree of importance placed on cognitive
attributes, whereas fitness was the only attribute categorised as physical that officials ranketevithi

top ten attributes. This suggests some cornerstones of officiating performance, such as knowledge and
application of the lawMascarenhas et al., 2005Bfe more instrumental for successful officiating than

other cornerstones such as physical fénes

A study specifically in Australian football has further identified the attributes required for
Australian football umpiring performance as rated by elite umiifatel et al., 2019h) Similar to
rugby league referegsMor r i s & OQ €liteumpioes rated2cOghivg attributes to be of
utmost importance to Australian football officiating, with knowing the laws/interpretations and
decisionmaking ranked as one and two, respectiy&lijtel et al., 2019h)Knowledge of the laws is
more declarativeknowledge, whereas decisiomaking is the application of this as procedural
knowledge. Applying this knowledge through decisioaking may then be considered the most
important observable skill for Australian football umpirdhese two attributes form ehkey
cornerstone of knowledge and application of the law developdddsgarenhas et al. (2005G)he
high ranking of knowledge of the laws could be credited to the complexity of officiating Australian
football; where, for example, there are at leastifferent decisions that could be made for a tackling
situation(Larkin et al, 2018a) This knowledge is required for officials to make a decision accurately,

highlighting the inextricable link between the top two attributes for Australian football wnpire

By understanding the relative importance of each attribute to successful performance, this
provides guidance for structuring training programs. For example, as officials have commonly cited
decisionmaking (i.e., knowledge and application of the lawjhesfundamental performance attribute
(Hel sen & Bultynck, 2004; Kit t,&dhouklteceawdthegrea?estl 9 b ;
focus in training. The devel opment of fitness,
training ime (Catteeuw, Helsen, Gilis, & Wagemans, 200Bjtness was rated as the"lmost
important attribute for Australian football umpiring performaci€itel et al., 2019h)compared to'@
most important for rugby league refer¢eMo r r i s & O 6Oespiterthis rseverd Kiutliés)have

solely investigated physical loads in Australian football ump(isworthy & Dascombe, 2011;
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Jessiman, Harvey, Corrigan, & Gastin, 2Q18milar to rugby leagugBrightmore et al., 2016;
Emmonds et al., 201%8)nd socer referees (se&/'eston et al. (2012pr a review). Additionally, studies

have investigated the relationship between physical fatigue and detiglong accuracy in ofield
(Elsworthy et al., 20143nd oftfield (Paradis et al., 201@lomains, with redts suggesting a negligible
relationship between fatigue and decisioaking. Therefore, reseamts can focus on and isolate
decisionmaking aspects of umpiring performance, rather than aspects that are not considered as integral
for successful performaac In addition, given the importance of this skill, officials present a unique
opportunity to study novel decisianaking assessment and training procedures that can be used in a

wider range of environments such as with athletes themselves.

2.1.4.Defining decison-making in sports officials

Perceptuatognitive skills are defined as the ability to identify and acquire environmental
information for integration with the existing knowledge such that appropriate responses can be selected
and execute(Marteniuk, 198). Decisionmaking is a key perceptuabgnitive skill in sport, as skilled
decisionmaking precedes an appropriate and context specific gctod Connor , Lar ki n, &
2017) Decisionmaking has been defined as the ability to plan, select, andtexat action based on
the individual 6s knowledge in additi(Witams& i nfor
Ford, 2013) Therefore, an ability to use appropriate ggvteey information to guide skilled movement
is a fundamental component performance(Abernethy & Russell, 1987; Williams, Davids, &
Williams, 1999) From an athletic performance perspective, decisiaking can be defined as the
process of choosing the most appropriate movement response (e.g., passing to a teammate) from a range
of possible options (Abernethy, 1996); or the selection of functiotiahade.g., taking a shot on goal)
from a range of possible actions to achieve a specific goal (Hastie, 2001). Similar to athletes; decision
making remains a central component in sport officiating performance where perceptual and judgement
processes areentral to effective decisiomaking( Mor ri s & OO Co®pamrrt, s 2df1Lf6i) C

decisionmaking can be broadly defined as applying and interpreting the laws of the game in a particular
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sport, by identifying whether a player has infrindetMo r r i s & 2006) This i$ to ensure that

players play the game in a fair and safe manner.

2.1.5.0n-field decision-making of sports officials

As highlighted byMacMahon et al. (2014)interactor officials have a large amount of
perceptual cues and players to monitgpas of their role. In Australian football for example, there are
36 players on the field at any time, with umpires requiring expert perceptual deunssikimg skills to
officiate effectively(Larkin etal., 2011) Fr om a spor t i ngnoffitidl makdsal s & p e
decisionevery time they see an athlete infringe upon the laws of the.§ahen making a decision
such as a free kick/penalty, officials make a signal using their hand or arms, and/or blow a whistle.
While this action accompanies thectton, accuracy is not a critical component of this action such as
a player executing a padn.addition to awarding free kicks/penalties, there are many more situations
where officials make del i ber(Mevile et@n2016)pTeengarhet y 6 or
(competition) data/match statistics do not necessarily record or quantify these decisions not to award a
penalty and allow the game to continue, but they form a significant portion of the denahorg load
in sporting officials. It maytherefore, be difficult to reliably assess decismaking performance in

game due to 6no penalty6 de Wheseévauatihg deastemakingc | ude d

decisions are typically <cl assi f i eedetals2088hint s o, ¢
Australian football umpire studies, 6hitsodé are
alarmsd as O6unwarrantedé (EI sworthy et al., 20114

According toMacMahon et al. (2014}here are similaritieg the decisiormaking cues and
player monitoring requirements of interactor officials across sports. Common interactor officials (and
the player total for each team to monitor) reported throughout the literature include soccer referees (11),
rugby leagueeferees (13), rugby union referees (15), and Australian football umpires (18). For each of
the sports listed above, except for rugby union, previous studies have quantifieddheeidlecisions

and the accuracy of officials. Table 2.1 indicates theseciesnsiderable amount of decisions made per
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game, reiterating the impact of the performance of officials within the sporting environment. Accuracy
of decisions is usually determined based on correct decisions identified by subject matter experts, who
aret he of f i c (Carligaet a.,02819;hEés\worthy et al., 201Fhe studies in Table 2.1
highlight the need for future decisionaking development, with officials typically making higher than

20% incorrect decisiong&Corrigan et al., 2019; Emmones al., 2015; Mascarenhas, Button, Hara, &

Dicks, 2009)

Table 2.1: In-game decisioimaking demands of interactor officials.

Free kicks Decisionmaking

Sport  Study Competition awarded (n) accuracy (%)
Soccer
Helsen and Bultynck (2004) UEFA (elite) 44 NR
Mascarenhas et al. (2009) NZ national league  ~21 64%
(subelite)
Mallo, Frutos, Juarez, and FIFA Cup (elite) 25+ 3 86%

Navarro (2012)

Australian football
Elsworthy et al. (2014) AFL (elite) 44+ 8 84+ 6%
Corrigan et al. (2019) AFL (elite) 40+ 7 78%

Rugby league
Emmonds et al. (2015) NRL (elite) 15+ 2 74+ 5%
AFL: Australian Football League; UEFA: United European Football Associated; NZ: New Zealand; EPL: English
Premier League; FIFA=édération Internationale de Football Association; NRL: National Rugby League.

There are numerous contextual factors that can influence denisiking of sporting officials,
thus limiting the accuracy of decisions within competition. Firstly, given itjie physical demands of
interactor officials(MacMahon et al., 2014Yyesearchers have commonly examined the influence of
fatigue on ingame decisiomaking to mixed results. In Australian football umpires, decisiaking
accuracy does not waver over gmirse of a game, suggesting that fatigue does not influence this skill
(Elsworthy et al., 2014 Alternatively, interactor officials such as socfdallo et al., 2012and rugby
league refereeEEmmonds et al., 201®8xhibit a decrease in accuracy in tast 10 to 15 minutes of
match play. There are other external factors such as home advé@tageas, 2014)crowd size
(Downward & Jones, 200/)nargin between teams and position on the gr¢Godrigan et al., 2019)

which may impact decisiemaking pr@esses of interactor officials. It has also been reported that more
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experienced officials tend to be better decisiwakers in competitioiCorrigan et al., 2019)it is
evident from the factors listed above thagame decisiommaking can vary dependiran the context

in which decisions occur.

On-field decisioamaking assessment is the optimal method to assess dewiakimg skill in
officials (MacMahon et al., 2007a3imilar to athlete@Bonney et al., 2019 he assessment of-field
decision makinghowever, is somewhat difficult, given the subjective assessment from game to game.
Naturally, not all umpires officiate the exact same game, which can limit the reliability of assessing
mul tiple officialsd perf or maswusirgsnatchlbroadead fddtage, o n ,
which is not the same perspective of an officiafjanme, as it is captured from an elevated perspective
in the grandstan@Craig, 2013) Given the variability of otfield decisionmaking, there is a need to
develop measuseto assess decisionaking in officials in a controlled, reliable manner. Géd
methods overcome this limitation of-@ield (within competition) assessment, as they provide stronger
control and consistency than-teld assessmer{tarkin et al., 204a) In conjunction with osfield
assessment, studies have suggestefieddf decisioamaking assessment can be used for the purpose
of talent identification and performance benchmarKiceykin et al., 2014aand repeated measures of

skill development osr time such as following a training interventiqmarkin et al., 2015)

2.2.Theoretical frameworks for off-field perceptual-cognitive tasks

2.2.1.Key frameworks

When designing offield assessment and training tasks which simulatietoh scenarios, it is
important these tasks represent the perceptaghitive (i.e., decisioimaking) processes that officials
experience within competition. There have been numerous studies introducing theoretical frameworks
and commentaries to facilitate the development offief@l tools for testing and training decision
making skill (Fadde & Zaichkowsky, 2018; Farrow, Reid, Buszard, & Kovalchik, 2018; Hadlow,
Panchuk, Mann, Portus, & Abernethy, 20IB)o key theoretical frameworks underpinning this thesis

were representativeneasd ecological validity. Representativeness refers to the extent task constraints
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in experimental designs (i.e., dféld tasks) represent the constraints experienced in the specific
sporting/performance environmerfradjo, Davids, & Hristovski, 2006; Riler et al.,, 2011)
Ecological validity refers to the relationship between a cue (perceptual variable) to that of the
performance environme(Araujo et al., 2007)Although these two terms are very similar, studies have
reinforced the distinction between the two concépimujo et al., 2007; Pinder et al., 201 For
example, representativeness refers to how factors (i.e., constraints) in an experimenta¢getsagtr
those of competition, whereas ecological validity is how valid (i.e., similar to competition) the
perceptual cues are in the experimental-fieftl) setting(Araujo et al., 2007; Pinder et al., 2011k)
general terms, both concepts refer to ldesely an offfield task can represent dield performance
environments. It is important for effeld tasks to have high representativeness and/or ecological
validity, as this will more likely elicit the expertise differences that would be presenttual ac

competition(Farrow et al., 2018)

2.2.2.High fidelity simulations

For a task to be representative of thefield competition setting, there are several key
considerations for researchers. Firstly, the simulation needs to have high levels of fidetityraefdrs
to the extent a situation replicates reality and is a key element of tréNsfesi, 1988; Farrow, 20123)
Action fidelity refers to whether a perfo+fmeros
field) and performance (i.e., dield) setting(Pinder et al., 2011A higher level of action fidelity can
be achieved through perceptiantion coupling, where simulated scenarios require the participant to
complete the action they would within a ga(@aig, 2013) For example, thisnay require a pass for
a rugby playefCorreia, Aradjo, Cummins, & Craig, 201@) intercepting a shot on goal for a handball
goalkeepe(Vignais et al., 2015)For optimal simulation of ofield performance, it is imperative that

tasks have strong actididelity by incorporating perceptieaction couplingBideau et al., 2010)

For sporting officials on the other hand, there is no accompanying motor action following the

perceptual decision, as they verbalise their resp@seille, Salmon, & Read, 2018Yherefore,
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psychological and physical fidelity would be more important for this cohort than action fidelity.
Psychological fidelity refers to how life like the participant perceives the simulation to be, whereas
physical fidelity refers to much the simtitan looks like the real performance environm@rdrains et

al., 2013a; Stoffregen, Bardy, Smart, & Pagulayan, 2@@&h forms of fidelity refer to how realistic

a task is. Offfield tasks can increase fidelity by utilising fi@erson viewpoints, agpposed to third

person viewpoints, which provide an inaccurate representation of the perceptual information received
in a game(Craig, 2013) This results in stronger visual correspondence, where the perceptual
information received in a simulation is vesimilar to a gaméPinder, Headrick, & Oudejans, 2015)
Previous research has found expert soccer players make faster and more accurate decisions in a first
person taskPetit & Ripoll, 2008) supporting the hypothesised expert differences of a repragentat

task(Dicks, Davids, & Button, 2009)

2.2.3.Modified perceptual training framework for representative tasks

Recently, Hadlow et al. (2018)developed the Modified Perceptual Training Framework
(MPTF) to assist researchers and practitioners in designingopeatéasks which transfer to -dield
performance. There are three key assumptions when using a tool for perceghitive skills,
including; 1) it needs to be able to distinguish between skill lev&lsmprovements can be made
through training, and) any performance changes can be assessed through a transfeiield on
performanc€Hadlow et al., 2018)By meeting the three assumptions listed above, perceptual training
tools such as videbased training will have the strongest transfer to the.fietdcreate a stronger
perceptuakognitive testing or training toaHadlow et al. (20183uggest these tools target higtter
perceptuakognitive skills such as spespecific decisiormaking(Williams & Ford, 2008) rather than
generic visual skillsich as visual acuitgErickson, 2007)In addition to the perceptual skill targeted,
these tools must have strong visual correspondgiiieder et al., 2015)and behavioural
correspondenc@inder et al., 2011which are both integral components of repreative tasks. When
considering the different components of this framework, technologies such-ssrélan video have

been used to present spspecific stimuli with moderate visual correspondence. Tools such as virtual
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reality are emerging, given ttstrong behavioural correspondence of this techno(bigylow et al.,
2018) These two technologies (i.e., existing videsed approaches and virtual reality) will be outlined

throughout this literature review.

2.3.Video-based approaches for offield decisicn-making testing and
training
2.3.1.0ff-field decisionmaking assessment

Off-field decisioamaking assessments have been used throughout the literature for both
athleteqLorains et al., 2013@nd officials(Larkin et al., 2014aith the ability to distinguis between
skill l evel s. This -masbddtestiohgenwhi ¢thedsé@ysi de
sportspecific decisiorma ki ng scenari o, in order to apply kno
accurate decisioifLarkin et al., 2014aMascarenhas et al., 2005B)ideo-based testing in sports
officials has examined decisignaking from a variety of perspectives. For example, the effect of crowd
noise(Balmer, Nevill, Lane, & Ward, 2007; Lex, Pizzera, Kurtes, & Schack, 2015; Nevill, ii¢pwaly,
Greaves, Dallaway, & Devonport, 2017¢lationship between physical exertion and decisiaking
(Larkin et al.,, 2014b; Paradis et al., 201@8nd experbased differencegGhasemi, Momeni,
Jafarzadehpur, Rezaee, & Taheri, 2011; Larkin et al.,;ZBdifiz, Put, Wagemans, Williams, & Helsen,
2016) There is a significant body of research utilising vithased technology to assess decision
making in sporting officials. Therefore, a systematic review of relevant studies was completed for Study
1 (Chaper 3) of this thesis. This systematic review examined the existing knowledge base of video
based testing in sporting officials, highlighted the limitations of existing methods, and presented

recommendations for future research employing this method tesadseisiormaking.
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2.3.2.Developing decisioamaking skills

Knowledge of the laws and decisiomaking are the two most important skills for Australian
football umpiring performancgittel et al., 2019b) Therefore, knowledge and application of the law
(Mascarahas et al., 2005k0equires a strong training emphasis for Australian football umpires. In
current training procedures, Australian football umpires spend a large amount of time inrdgdéure
meetings developing declarative Hoased knowledgéParadiset al., 2016) however, they require
more training time for the application of this knowledge (i.e., decisiaking). Officiating games has
been recognised as the ideal method to train deeisaking skill in soccer officialfMacMahon et al.,
2007a) Further, the amount of igame practice is positively correlated with skill in soccer officials
(Catteeuw et al., 2009However, there are only a finite amount of games to officiate with substantial
physical loadgElsworthy et al., 2014; Jessiman et a0192), therefore additional time and tools are
required to further develop decisiomaking skill. As such, videbased training has emerged as a
common tool for decisiomaking skill development, defined as presenting sgetific scenarios in
video forma, requiring a specific response from an individ{larkin et al., 2015)As these provide
sportspecific decisiormaking scenarios, these methodsioaneaseleliberate practice hours to hasten
development of this skil{Catteeuw et al., 2009; MacMahe al., 2007a)Deliberate practice was
originally introduced by Ericsson et al. (1993) to describe activities completed in training that are done
individually, effortful, guided by a coach and are not necessarily enjoyable. However, deliberate
practice has been redefihigy Starkes, Deakin, Allard, Hodges, & Hayes (19@8)ehigh in relevance,
enjoyment, concentration and effoifthis adjusted definition by Starkes et al. (1996) has been used in

studies investigating sports officials (MacMahon et al., 20Catteeuw tal., 2009).

2.3.3.Video-based training overview

Overall, videebased approaches are an effective technique to develop perasginitive
skill (Larkin et al., 2015)n a range of athletic populations, such as invasive sf@aisbett, Carius, &

Mulvey, 2008 Gorman & Farrow, 2009)nterceptive sporté-arrow & Abernethy, 2002; Hopwood,
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Mann, Farrow, & Nielsen, 2011and sports officialéCatteeuw, Gilis, Jaspers, Wagemans, & Helsen,
2010b; Larkin et al., 2018b; Schweizer et al., 208t)dies of vidednased approaches typically use a
guastexperimental design to determine the efficacy of the intervention program, with amateur/novice
athletes the most commonly researched population ditcangin et al., 2015)The training duration

for effective videebasedraining varies greatly, where interventions rb@aas brief as a single session
(Shafizadeh & Platt, 2012pr as extensive as 18 sessions over six wgédgswood et al., 2011)An
intervention totalling 48 weeks is considered sufficient for decisioeking development in amateur

participantqLarkin et al., 2015)

2.3.4.Video-based training studies in sports officials

Given the importance of decisianaking skill for sporting officialgHelsen & Bultynck, 2004;
Kittel et al., 2019h)videcbased training has been examined as a method to improve this skill. These
studies have been conducted with sporting officials in sports such as doerizer et al., 2011)
rugby union(Mascarenhas, Collins, Mortimer, & Morris, 2005ahd Austalian football(Larkin et al.,
2018b) As summarised in Table 2.2, there are a variety of videsed training approaches in sporting
officials. There are, however, several similar features across studies, where most of tiasedkeo
training programsn sporting officials have utilised match broadcast footage (i.e., from an elevated
perspective in the grandstand) as the preferred presentation(iitidket al., 2019a; Larkin et al.,
2018b; Schweizer et al., 2011; van Bienetral, 2018) Mascarenhast al. (2005cused firstperson
video from competitive games in rugby union referees to emphasise the ecological validity of the
training. The situations filmed were scrum scenarios, where an individual made their way onto the field
to film from a similarperspective to where the official would be. These scenarios are more stationary
in nature, and it would be logistically near impossible for someone to follow the play in more dynamic

environments such as soccer and Australian football.
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Table 2.2: Video-based training in interactor officials

Training duration

Sport Study ;hdeo Instructional (no. sessions per Grou'pfs Main effect Conclusion
ormat type . (participant no.)
week)- clips
Australian football
Kittel et al. Broadcast Explicit 8 weeks (1} 96 Video before HIIT  No significant difference  Video-based training
(2019a) (6), Video during observed between groups improvements were uncleal
HIIT (7), following the intervention.
Control (7)
Larkin et al. Broadcast Implicit 12 weeks (1} Intervention group  Significant improvement Video-based training
(2018b) 1,040 (21), control group in intervention group from appears to be beneficial,
(31) pre to retention tesp(< especially for less
0.05).Lessexperienced  experienced umpires.
umpires in the
intervention group
significantly improved f
= 0.01)
Soccer(central)
van Biemen et Broadcast Explicit 1 week (1) 70 Normal video (11), Normal group decreased Blurred vision training
al. (2018) blurred video (11) close to significancep(=  appears to be more
0.10). Blur group beneficial fao DM
increased close to improvement than normal
significance = 0.07). training.
Significant difference
between groupg(=
0.03).
Schweizer et al. Broadcast Explicit 7 weeks (1) 144 With repetition Both training groups Video-basedraining can be

(2011)

(19), without
repetition (19),
control (10)

significantly improved
decisionmaking skill p <
0.05).

an effective method with
immediate feedback to
develop decisiommaking.
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Table 2.2 (continued)

Training duration

Sport Study ;hdeo Instructional (no. sessions per Grou'pfs Main effect Conclusion
ormat type . (participant no.)
week)- clips
Soccer(assistant)
Put et al. 1stperson Explicit 3 weeks (1} 60 Increasing speed  Only decreasing speed  If manipulating video speed
(2016) simulated over each session group improved followng over a videebased training
adult 75%- 100%- intervention. All groups  intervention, decreasing
performers 125% (33), had significantly less flag speed is best for decision
decreasing speed  errors. making development.
125%- 100%-
75% (33), arbitrary
speed 100% 75%-
125% (30)
Put, 1*'person Explicit 8 weeks (1.5) 360 Intervention (10),  Training group improved Combination of videdbased
Wagemans, simulationt videos & 360 control (10) in both the video and training and computer
Spitz, youth animations animation tests following animations is beneficial for
Williams, and  performers the interventionControl assi stant r e
Helsen (2015) and group did not change. decisiormaking.
computer
animations
from-b
eye view
Put, 1%'person Explicit 4 weeks (1y 120 Intervention (10),  Training group improved Video-based training can
Wagemans, simulationt video & 120 control (8) following intervention in  lead toan improvement in
Jaspers, and  youth animations both the video and field on-field and oftfield
Helsen (2013b) performers test (simulated offside decisionmaking.
and scenarios).
computer
anmations
from-b
eye view
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Table 2.2 (continued)

Training duration

Sport Study ]Y'deo Instructional (no. sessions per Grou'p's Main effect Conclusion
ormat type . (participant no.)
week)- clips
Catteeuw, 1stperson Explicit 4 weeks (1)} 80 Training (10), Significant improvement Combination of videdbased
Gilis, simulationi videos & 80 Control (14) training group pre to post. training and computer
Wagemans, anc youth animations. No change for control. animations is beneficial for
Helsen (2010c) performers Significant difference assistant ide e
and between groups. decisionmaking.
computer
animations
from-b
eye view
Catteeuw et al. 1Stperson Explicit 4 weeks (1) 120 Video training (9), Significant different Both training groups
(2010b) simulationt videos or 120 animation training  between groups following improved decisiormaking
youth computer (9), control (22) intervention p < 0.05) as accuracy in postest,
performers animations assessed through videos. control group did not.
and
computer
animations
from-b
eye view
Rugby union
Mascarenhas et 15person Explicit 1 session 25 Intervention (41),  Significant improvement A short videsbased training
al. (2005c) game control (15) following training only intervention appears to be
footage observed in the lower more beneficial for lower

level officials {p < 0.05).

level officials.
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In terms of the duration of training, this is contingent on the instructional process used. A
common instructional approach is explicit instruction, where participants are provided with cues or
rules to follow(Gormané& Farrow, 2009; Mascarenhas et al., 2005c; Williams, Ward, & Chapman,
2003) Explicit instruction is an effective way to hasten decigimaking development, particularly in
amateur participantdRaab, 2003)Alternatively, implicit instruction uses minirhastructional cues
or feedback in the training proce@®aab, 2003) The implicit approach typically has greater skill
retention and transfer to pressure situations, but requires a longer training duration than the explicit
approact{Masters, 1992; Smemt, Williams, Hodges, & Ward, 2009)arkin et al. (2018bjsed 1,040
clips over 12 weeks due to the implicit nature (i.e., no instruction or feedback), with dexéaiorg
changes only observed in the less experienced participants. This has led to more explicit (i.e., including
feedback) approaches being usedishorter intervention. For example, this approach was beneficial
for soccer referees using 144 clips over 7 wéBkbweizer et al., 2011Pn the other hangan Biemen
et al. (2018yeported blurred footage is more beneficial than regular match lastaddeo in a one
session intervention using 70 clips. The rationa
ability to identify key kinematic information, as most errors in the decisiaking process are caused
by missing informatioMacMahon & Mildenhall, 2012)Finally, Kittel et al. (2019ayeported no
improvements in an-8eek intervention with 96 clips for Australian football umpires. Given these

mixed results of match broadcast video, additional video modes warrant further at@stig

As a ceiling effect may restrict potential improvements for more experienced and/or expert
performergGorman & Farrow, 20093he implicit approach may be more optimal with greater training
time allocatedLarkin et al., 2018b)It is important taconsider knowledge of the laws and decision
making are reported as being the two most important attributes for Australian football uiiKjpiets
et al., 2019h)Explicit feedback may therefore be beneficial for this group given the importance of law
knowledge when making decisions, as this produces more declarative knowledge through use of
instructions and/or cues. The instructional technique for a idsed training intervention is

contingent on the performance level of the participants and time laleatitaelicit an effect.
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Several studies have used vidmsed training for assistant soccer referees to develop offside
decisionmaking skill, with positive effect@Catteeuw et al., 2010b; Put et al., 2013b; Put et al., 2015)
These studies used compusgimations, where officials identify the correct frame where a player has
travelled offside. -Ayeviewawhicharmaynotde reprefentative ofahe bues d 6 s
received ingame. These studies have also filnfiest-personsimulated offsidescenarios with high
performance youth players as actors. Researchers can carry out simulations with assistant referees as
they are identifying spatial cues to determine whether a player is offside. No studies have simulated
tackle/foul scenarios for soacer Australian football officials due to the injury risk of players
contacting each other forcefully. Although assistant referees are interactor officials, central referees in
sports such as soccer, rugby union, and Australian football have more cumstty im their role and

may require more complex training approacfidacMahon et al., 2014)

2.3.5.Creating more representative videebased training tasks

To improve performance in these -6ifld videobased training tasks, it is imperative they
represent @ecific constraints characteristic of the competition se(ffigder et al., 2011)Therefore,
researchers have adopted several approaches to increase the representativenesmeéditiining
by including constraints experienced in competition. @xemple of doing so is the above raale
training method, where footage is presented at faster speeds, where athletes make automatic decisions
under significant time constrainfkorains et al., 2013a)This form of videebased training enables
participaits to make more rapid, automatic decisions than they would in competition, leading to higher
fidelity of the task(Lorains et al., 2013b)Above reaitime training has resulted in decistoraking
improvements for Australian football playétorains et al 2013a) Manipulating video speed can also
be beneficial for assistant soccer referees, if
decreases from 125% to 100%, then 75% over the course of the inter{Batienhal., 2016 Whereas
it appears beneficial for videos to be presented abowimeafor athleteglLorains et al., 2013ajhe
findings of Put et al. (20163uggest a decreasing sequence of video speed (i.e., from faster to slower

speeds over the intervention) is effective fificals.
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Another example of including spespecific constraints is incorporating physical fatigue, given
the high physical loads officials experience within ga(ggsworthy et al., 2014 XKittel et al. (2019a)
incorporated videdased training into higlintensity interval training, as officials make-game
decisionsunder high physical loadslowever, these decisions were made stationary following a high
intensity interval. Making decisions while moving would theoretically be more representative of in
game decisiommaking. The results of this study suggested combining \Holeged training with high
intensity physical training is not beneficial for developing decisiaking skill. This intervention did
not significantly improve performance, suggestingrenoesearch is required to assess proposed
representative interventions, despite the literature suggesting representativeness is key (Farrow et al.,

2013, Hadlow et al., 2018).

2.3.6.Limitations of existing video-based training

There are several limitations pfevious videebased training studies such as the use of match
broadcast footage. For ditld tasks such as viddmsed training to represent the competitive
environment, it is imperative these tasks maintain similar sources of information to tho$espdrce
competition(Dicks et al., 201Q)Match broadcast is the most common video mode in central officials
such as Australian football field umpir@sittel et al., 2019a; Larkin et al., 2018hhd soccer referees
(Schweizer et al., 2011; van Biemen kf 2018) As match broadcast footage is filmed from a fixed,
elevated position in the grandstand, this presents apbiigbn perspective, dissimilar to the perspective
an official would have in a gan{€raig, 2013) To overcome this limitation, researchas implemented
first-person viewpoints to increase the representativeness of théPetitk& Ripoll, 2008) Footage
filmed from a firstperson perspective would theoretically increase ecological validity as the perceptual
information is more similar toin-game processes than an elevated, {bindon perspective
(Mascarenhas, Collins, & Mortimer, 2005&)though firstperson viewpoints increase the similarity
of information received from ofield to videagbased tasks, the vision does not change autceiist
with head movements, therefore limiting the behavioural correspondence of thH€tagk 2013;

Pinder et al., 2011Y o increase the representative nature of the task, virtual reality technology has been

29



suggested as the next frontier for-béfid perceptuatognitive developmer{Farrow et al., 2018)This
technology has the ability to overcome limitations of extant viokesed training tools by including

first-persorvi ewpoi nts and updating vision from a part.
2.4.Virtual rea lity

2.4.1.Defining virtual reality

Virtual reality is defined as simulations of a real or imaginary environment, where a participant
can both perceive and interact with the environni€naig, 2013; McMenemy & Ferguson, 200A)
key distinction of virtual redly is the concept of presence, where an individual feels they are within
the virtual environmenlensen & Konradsen, 2018; Steuer, 1998 level of immersion experienced
by an individual is dependent on the level of presence felt within the enviro(idiging, Holmberg,
& Sperlich, 2018)Immersion is a considerable factor in the degree of transferability from tfieldff
task to orfield environment(Brault, Kulpa, Duliscouét, Marin, & Bideau, 2015; Craig, 20IR)e
higher sense of immersion combintes to stronger task fidelity, which is a key component of
representative desigiCraig, 2013; Pinder et al., 2011y essence, virtual reality is a broad term to
describe technologies which enable a stronger sense of immersion and transfewtrldetdsks

(Gray, 2017)

Virtual reality technology has developed over the years and can be presented in a number of
formats, including flat or curved large screen displays, Cave Automatic Virtual Environment (CAVE)
(where participants are in a room surrounded by a screen) athanoested displays (HMD). Virtual
reality has been used in a range of areas; including mil{Reger et al., 2011)medical surgery
(Gurusamy, Aggarwal, Palanivelu, & Davidson, 2Q@8)d education settingBreina & Ott, 2015)In
sport, virtual reality has received a greater focus in recent years where it is commonly used for
endurance sports to incorporate factors such as competitiveness, pacing and greater immersion
(Neumann et al., 2018)or ball sports, virtual reality Bdeeninvestigatedwith interceptive skills

using different displays, including CAVE and HMD modalit{sure, Limballe, Bideau, & Kulpa,
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2020) Although CAVE systems are an effective presentation mode to increase levels of presence, they

are very largand expensive to develdbliles, Pop, Watt, Lawrence, & John, 2012)

2.4.2.Head mounted display technologies

For a more accessible virtual reality modality, HMDs are commonly used in sporting studies,
where a key feature of this technology is stereovision/biao&ision(Faure et al., 2020As outlined
by Faure et al. (2020)the greater number of cues in stereovision contributes to stronger depth
perception, presend€raig, 2013) and embodimeniKilteni, Groten, & Slater, 2012)Embodiment
refers to the itegration of different sensory signals, where the brain generatesraemelfentation
(MatamalaGomez et al., 2019)Embodiment is important for simulated practice by allowing the
sensorimotor system to be more engaged, facilitating the developmemtaefdagal changefBohil,
Alicea, & Biocca, 2011)Previous two dimensional, screkased approaches limit the stereoscopic
information available to extract such as in real (¥égnais et al., 2015)HMDs can also lead to a
stronger interaction with anneironment than twalimensional screen approaches, where vision
automatically updates with head movements of the indivi{Biatl, 2020; Craig, 2013)The head
movements when wearing a HMD contribute to stronger behavioural correspondence of the thsk, whic
is a key component of representative degiBimder et al., 2011)Unlike existing screebased
approaches, the head movements experienced from using a HMD incorporates all components of the
gaze control system; head, eyes, and l{Baychuk et al., 2018&ickers, 2007)HMD technology has
become a common method to present both virtual reality arfd/#50 a more immersive environment

(Jensen & Konradsen, 2018)

2.4.3.EXxisting perceptualtmotor and cognitive virtual reality investigations

Initial studies invetigating virtual reality (i.e., virtual/animated footage) have been in
endurancébased sports for pacing strategideumann et al.,, 2018)Virtual reality research

investigating perceptuahotor and perceptuglognitive skills have begun to emerge. Stésdhave
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investigated the use of virtual reality for skills such as intercepting the ball for goalkeepers in handball
(Vignais et al., 2015)A comparison between virtual environments as viewed through a large cylindrical
screen (i.e., CAVE environment) asthndard video screen was conducted/Ignais et al. (2015)
Handball goalkeepers made faster and more accurate decisions in the virtual reality condition than using
video. Research has also examined the use of virtual reality for detecting deceptinmlechents in

rugby players, viewed through a HMBideau et al., 2010; Brault et al., 201¥plidity was inferred

in both studies, where experts outperformed novices in efficiently and accurately detecting deceptive
movementgBideau et al., 2010; Braugt al., 2012)Each of these studies used virtual characters as the
visual stimulus for the virtual environment. There are no studies formally analysing the validity and

reliability of novel virtual reality technologies for perceptaabnitive skills.

There are a limited number of studies which have assessed the effectiveness of a virtual reality
training intervention for spowpecific skills(Petri et al., 2018)Gray (2017)examined the efficacy of
virtual reality technology to improve the perceptoaitor skill of baseball batting. Findings indicated
a sixweek virtual reality intervention led to an improvement in batting performance, with
improvements retained one month following train{@yay, 2017) These results are analogous to a
virtual reality intervention for table tennis players, which elicited a significant performance
improvement following training(Michalski et al., 2019) The above studies mainly focused on
perceptuaimotor skill development, with an element of anticipation involved. udirtreality
implementing virtual environments often investigates perceptadbr skills due to the high
behavioural correspondence this technology endHidlow et al., 2018Puking et al. (2018putlined
a key strength of virtual realityhether viewd through a HMD, large screen or CAVE environmisnt
the ability to couple motor actions in the virtual task. No studies to date have used virtual environments

to improve the executive function of decisioraking in sport.

A virtual reality environment hagcently been developed as a potential training tool for soccer
refereef Gul e c, Yil maz, I s | er Gule©d &. ¢2018pmed to i&icre@sk the k e
exposure of referees to atmospheres they are likely to encounter in competitive gameagudlhe

environment affords manipulation and control of different competitive scenarios to expose officials to
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these in a safe environment. Although this was not a training intervention, participants perceived the
first-person viewpoint and ganti&kenessto be potentially suitable for use as a training tool. The
physical fidelity may not be as strong for virtual environments such as these, as they do not present real
world footage(Stoffregen et al., 2003)t may also be difficult to capture the kinematitormation of

dynamic tackling scenarios in Australian footl{alirkin et al., 2018ain virtual environments such as

these. Therefore, researchers should explore approaches with stronger physical fidelity.

2.4.4 Virtual reality and 360° VR environment compaison

In terms of the type of footage used within virtual reality technology, there have been
contrasting approaches to using either virtual/animated cwadd footage, where both have distinct
advantages. The use of virtual scenarios has been comasauyas this provides greater control over
the environment, manipulating the virtual environment and enables researchers to standardise
conditions(Duking et al., 2018; Faure et al., 2028)Jthough virtual environments provide greater
control for reseatters and practitioners, visual correspondence is a key consideration of representative
learning desigriPinder et al., 2011 limitation of virtual environments is the lack of content or it is
financially expensive and time consuming to develop suchenb(diking et al., 2018)36C0 VR
footage viewed through a HMD is beginning to overcome this limitation where footage can be sourced
in a more affordable mannédensen & Konradsen, 2018; Panchuk et al., 204&ey distinction
between virtual realityand 360 VR is that virtual reality enables interaction within the virtual
environment, whereas 36UR is video only. 360VR may also lead to stronger ecological validity as
the perceptual information is more similar to the competitive environfdeatijo et al., 2007ps it
uses real world footage fromfiast-personviewpoint filmed using a 360cameraUsing real world
360 VR footage is a more visually realistic methc
environments and existing vidéased (match broadcast perspective) approaclieadde &
Zaichkowsky, 2018) This is evident in Table 2.3 which provides a brief summary differentiating
between these technologi&6C® VR is a more middle ground as it creates more interaction for the

perceptual rather than the interactive/action component of the skill. The greater interaction of the
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perceptual component allows for more affordances for action, where individuals can search to make a
more informed decision as in a game. Theoretically, affordaiocesction are a key component of
ecological dynamicswvhich emphasises the importance of the relationship between perception,
cognition and action (Renshaw et al., 201Byrthermore, 360VR is beneficial forperceptual
cognitive taskswvhere specific motoactions such as a pass or dodge are not fundamentally required
(Fadde & Zaichkowsky, 2018As officials do not require a motor action, but verbalise their decision,
this may be an appropriate tool to use for this populatierthis would be more repesdative of their

in-game actions
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Table 2.3: Differentiation between match broadcast, 360° VR and virtual reality technologies.

Technology Type of footage

Perspective

Presentation method

Proposed benefits

Limitations

Match broadcast video

Real world

360 VR

Real world

Virtual reality

Virtual
(animated)

Third-person Screen (e.g., iPad, TV Presents proper game footage

Firstperson

Firstperson

computer)

Head mounted display

Head mounted display
Large screen
CAVE environment

Easy to collect

Firstpersonperspective leads to stronger
fidelity

Suggested tool for
participants do natequire a sporting action
(e.g., officials)

Stronger behavioural correspondence
viewed with head movements

Greater control over scenarios
Combine perception and action

Third-personperspective lacks ecological
validity and representativeness
Screerbased approachdémit
representativeness as video does not upda
automatically with head movements

Limited interaction within environment
Difficult to combine perception and action
(such as a kick or a pass for athletes)

Presents animated vidédifficult to capture
dynamic sporting actions
Financially expensive
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2.4.5.Existing 360° VR training approaches

360 VR technology is a suitable method to train decisimaking skill rather than perceptual
mot or skill s, as otnHiy®H twhehreoliagydoiess rogadal | ow ¢
environment as virtuadesigns(Fadde & Zaichkowsky, 2018Recently, studies have examined the
efficacy of 360 VR as a tool to develop the perceptaagnitive skill of decisiormaking in sport,
specifically with basketballers. Both studies using this technglBggé et al.2019; Panchuk et al.,
2018)utilised smallsided game scenarios to film the immersive (36R) video.Panchuk et al. (2018)
developed &8-week training intervention for youth basketballers, with performance improvements
following training assessed in &@ VR posttest and smakided game transfer test. There were large,
nonsignificant improvements for the male intervention group in relation to the control group for both
tests. Results for female participants in this stadyealedooth intervention ath control female groups
improving in the 360VR posttest. The female control, rather than intervention group improved in the
smallsided game transfer test. This was the first study to assess the effectivenes¥Bf @Génprove
sport decisiormakingskill, yet there were several limitations. These include only 41 clips used for the

intervention, lack of a retention test, small group sample sizes, and gender of the players filmed.

Pagé et al. (2019Iso developed a 36WR training intervention for ésketball players, with
a further comparison made to twamensional screehased video of the same clips. This study
included three ¢WVR),LSS$.e., same RoOtagd as VR group Buteplesented on a
computer screen) and control. There&200 clips observed overall for the intervention for each group,
with 50 per each of the four training sessions. The control group watched footage from college
basketball playoff games (i.e., match broadcast perspective), yet this footage was noedtaschar
the intervention groups, as it presented 15 minutes of continuous match play rather than isolated clips.
Unlike Panchuk et al. (2018)ecisionmaking changes were not assessed using a-biased (i.e.,
immersive 360 VR) test, but with an owgourt transfer test. Researchers assessed decis&img
though both trained and untrained plays (i.e., scenarios) in teeuwhtest. For trained plays, both
intervention groups improved significantly compared to the control following the intervention.

Improvements were only observed for the VR group in untrained plays, with no such changes for the
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computer screen or control groups. This study provides promising findings for the usé viR360

developing decisiomaking skill in sport.

2.4.6.Research gapsdr use of 360 VR technology

Results of the above studies are encouraging for the use of this technology in future-decision
making training studies. There are several gaps in the literature for future studies to investigate. Video
based training programahether using existing match broadcast or noveP 3@® technologies need
to establish the reliability and validity of the testing instrumébéskin et al., 2015)If reliable and
valid, performance in these vidbdased tests should be comparekhigame decisiommaking. To date,
no studies have provided a matched comparison of the effectiveness of bo¥HR3&0d previously
used match broadcast footage on developing deeisaking skill. A matched comparison would
involve the same type and numlad clips in both video conditions to allow consistency in analysis.
Furthermore, no studies have examined the effectiveness d#/B66chnology in enhancing sports

of fici alnwkingsgk#l.ci si on

2.4.7.Proposed benefits of using 360VR

There are mumber of proposed benefits for the use of virtual reality in sport, specifically for
assessing and training perceptoadinitive skills. The two studies using 360R for decisioamaking
developmen{Pagé et al., 2019; Panchuk et al., 20d@) used th&IPTF as the rational for using this
technology(Hadlow et al., 2018)Virtual reality provides stronger behavioural correspondence, which
can make a more representative t@kder et al., 2011)This can be achieved in simulations using a
virtual enviromrment as participants can interact, such as blocking a virtual\Mighais et al., 2015)
360 VR may be appropriate for sporting officialdo perform perceptualognitive tasksand their
6responsebd i s v espécididmotorracianfhere remainsaan eleamens gb bemavioural
correspondence when using 3&R due to the head movements to scan thé 8pace while wearing

the HMD. Unlike traditional screebased approaches such as match broadcast footage where the
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camera angle changes, igis automatically updates when wearing a H¥Iraig, 2013) leading to

stronger behavioural correspondence.

As discussed throughout this review, fidelity is an important consideration to create tasks
representative of the competitive environmgrarrow, 213). Theoretically, 360 VR may provide
stronger psychological fidelity and ecological validity than existing match broadcast perspectives, due
to thefirst-persornviewpoint which allows for more similar perceptual information to what is received
in-game(Craig, 2013) In addition to psychological fidelity, 38WR would theoretically have stronger
physical fidelity than virtual environments due to the real world footage used, which would overcome

a significant weakness of virtual reality approac(i#sking et al., 2018)

To summarise, 360VR warrants further investigation as a tool to both assess and develop
decisionma ki ng skil |l oml yw@omadtVR (FaddeciZaicki@i@sky, 201&puld
be considered a limitation for use in athletgven the need to couple perception and action by
executing a spotpecific movemen(iCraig, 2013) This does not pose a limitation for sporting officials
such as Australian football umpires, given they do not complete a motor action when providing a

pereptual response. Considering decismaking is the most important skill for sporting officials

(Kittel et al ., 2 0 1 9 the effiddoyrofrtectaolofies GuECas BER shoyld 2 0 1 6 )

be examined for assessment and training purposes.
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Chapter 3: Video-based Testing in Sporting

Officials: A Systematic Review

This Chapter is presented in grablication format of a recent publication titled:

Kittel, A., Larkin, P., Elsworthy, N., & Spittle, M. (2019d). Vidéased testing in sporting officials:
A systamatic review Psychology of Sport and Exercige, 261270.

https://doi.org/10.1016/j.psychsport.2019.03.013
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3.1. Abstract

ObjectivesDecisiormaking is the most important skill for sporting officials, consequently, assessment

of this skill is becoming increasingly popular in the literature. There is considerable interest in the use
of videobased methods to assess decisi@king of dficials in controlled, offfield environments.

Design Systematic review of the literature examining videsed testing in sporting officials.
Methods Using t he keywords Aumpireo, Airefereeo,
ij udge ment lensiveaseacho wag rcanducted in February 2018 on electronic databases
(SPORTDiscus, Medline, Psycinfo, Google Scholar). Inclusion criteria included full text articles from
January 2000 to January 2018 published in-peervi ewed journadfi elOthd yo fofciea
were included in this review (i.e., assistant referees, touch judges were exdRefd)s The search

yielded 27 studies. The majority of articles were specific to soccer officials. Overalkbaded testing

appears to be a valid swure of decisiomaking differentiating between performance levels. This
review highlighted a high degree of variability among the methods applied, with varied participation
groups, clip type used, and influences on decigsiaking. The reporting of reliity and
implementation of transfer tests was rarely incorporated in the res€wnblusions Video-based

testing appears to be a valid measure of decisiaking of officials in an offield, controlled
environment. This research area would be advhtiteugh further investigation into sports other than
soccer, examination of transfer to match performance testing, reporting the reliability of the test,
reporting decisional accuracy rather than solely number of decisions, and investigation of additiona

video modes.

Keywords: Videabased testing, sports officials, percepit@agnitive expertise.
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3.2.Introduction

Perceptuatognitive skills are an integral aspect of sporting performance for all individuals.
Perceptuatognitive skills are defined as the ability to identify crucial information within the
environment, and integrate this information with existing Kieolye of motor capabilities to select and
execute an appropriate respor(séarteniuk, 1976) Decisioamaking is the foremost perceptual
cognitive skill involved in sportwilliams, Ward, Smeeton, & Allen, 2004and can be defined as the
ability to perceie information, correctly interpret, then select an appropriate res(Baker, Coté, &
Abernethy, 2003)The literature has focused on athletes, commonly investigating the development of
decisionmaking (Baker, Cote, & Abernethy, 2003xpertnovice diflerencegWilliams & Ericsson,

2005) and decisiommaking processgg\raujo, Davids, & Hristovski, 2006)mportantly, perceptual
cognitive skills are an effective means to differentiate between less skilled and higher skilled performers

in sport(Berry, Abernethy, & Coté, 2008; Williams & Ericsson, 2005)

Sporting officials, however, are a vital component of the sporting domain along with players.
As they are required to perceive sporting actions and react to whether an infringement (i.e., free kick,
penaty) has occurred, decisiamaking is the foremost perceptiagnitive skill of sporting officials.
The accuracy of such decisions can greatly impact the outcome of a match, leading to criticism and
impacting club revenug@.arkin, Berry, Dawson, & Lay, 2d). As such, decisiemaking is commonly
cited as the most important overall skill for effective officiat{fglsen & Bultynck, 2004; Morris &
06 Co n n ot Withi2 thel Ibejature, officials are classified as interactors (e.g., soccer referee,
Australian football umpire), monitors (e.g., volleyball referee; gymnastic judge), and reactors (e.g.,
tennis line judge) based upon their decigioaking processes, and their interaction or movement within
the environmenfMacMahon et al., 2014)This review willfocus on interactor officials who have high
perceptual demands (i.e., cues and players to monitor), and interaction with their environment (high

physical demandgMacMahon et al., 2014)

From a sporting officid@s perspective, researchers have invetsjboth orfield and offfield

aspects of performance. @eld research has typically examined the movemgisworthy &
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Dascombe, 2011; Emmonds et al., 2015; Krustrup & Bangsbo, 20@1)lecisiormaking (Burnett,
Bishop, Ashford, Williams, & Kinrade,@.7; Helsen & Bultynck, 2004; Larkin, Mesagno, Berry, &
Spittle, 2018)match demands of interactor officials in a range of sports. In relation to these areas of
research, there are inconsistent findings between sports, with research suggesting tsegriicaint

impact of exertion on match decistomaking in Australian football umpirg&lsworthy, Burke, Scott,
Stevens, & Dascombe, 2014did rugby league refereSmmonds et al., 2015yet does impact the
decisionmaking demands of soccer referébtallo, Frutos, Juarez, & Navarro, 201Hurther, the
influence of communicatio{Cunningham, Simmons, Mascarenhas, & Redhead, 2014; Neville,
Salmon, & Read, 2018psychological factor§Johansen & Haugen, 2013; Page & Page, 2am6)
physical fithess on nteh performancéCastagna, Abt, & D'ottavio, 200Bave also been investigated.
These studies highlight that although there are similarities across different sporting officials, not all
findings are transferrable across sports and therefore researchédsfattber investigate methods of

assessing the decisiomaking performance of officials from a wide range of sports.

Off-field research in sporting officials has grown in recent years, with an emphasis on
examining the perceptuabgnitive aspects of permance (i.e., decisiemaking) in an isolated
manner. This is due to the paramount importance of deeisaking to overall performandgielsen
& Bultynck, 2004) Assessing the decisianaking of officials in games may be the optimum measure
of decisioamaking performance, however, there is a high degree of variability from game to game.
This limits the performance comparisons between officials across different games, and within
individual officials from game to game. Gfitld videobased testing overomes this limitation, with
the ability to test decisiemaking in a controlled environment to present consistent scenarios across
multiple officials. We define these methods as presenting-spedific decisiormaking in a video
format to simulate offield decisionmaking in an offfield setting. The high degree of variability in the
methods applied for videlbased research will be outlined as part of this review. Therefore, the aim of
this systematic review is to summarise videsed decisiemaking assesnent literature in the domain

of interactor officials, and analyse the various methods utilised to simulate-likatdecisionmaking.
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The method for this systematic review was informed by the PRISMA guidgivtelser,

3.3.Method

Liberati, Tetzlaff, Altman& Group, 2009) summarised in Figure 3.1.

Figure 3.1: PRISMA flow diagram
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3.3.1.Search strategies

Electronic databases (SPORTDiscus, Medline, Psycinfo, Google Scholar) were searched for
articles published between January 2000 until February 2Ré&@word combinations included
Afdeci sion makingodo in conjunction with Aumpirebo
peerreviewed articles. 207 articles were identified in this initial search. Following this, keywords of
the articles were anged for further search combinations. Two new search terms were identified and
combined with the existing terms including @Aju
searched within the databases. A further 161 articles were identified with treeassk terms in the

four databases, resulting in a total of 368.

3.3.2.Inclusion and exclusion of studies

Studies included in this systematic review adhered to the following criteria: (i) participant
groups included interactor officials; (i) used videasedmethods for offfield decisioamaking
assessment; (iii) assessed sppecific decisiormaking involving infringement/penalty scenarios (i.e.,
general perceptuathotor skill assessments such as pattern recognition and reaction time were
excluded); and (iv participants were central referees/field umpires (i.e., assistant referees were
excluded when the aim of the study investigated offside deeisaking performance). These
populations were excluded as this review focused on infringebze®d decisiemaking, rather than
onside/offside processing, which is subject to different psychological factors (e.glafiastiect).
Studies were included if infringemebased decisiemaking of central referees was compared to other

populations, such as fans osissant referees.

3.3.3.Screening articles

Each article was screened by examining the title, abstract and keywords based on the inclusion

criteria. If there was any uncertainty over the appropriateness of an article, this was debated by the first
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and second abiors. In the rare circumstance where uncertainty remained, the third author was included

in the discussion. Final classification and acceptance of all studies was agreed upon by all authors.

3.3.4.Quality assessment

The quality of articles was analysed usingcale adapted from previous reseaficarkin,
Mesagno, Spittle, & Berry, 2015y his assessment scale (Figure 3.2) assesses the quality of each study
based on three stdrales (assessment of test measures, groups examined, decision reporting). The
quality of the test measures, including different levels of validity (face, construct and concurrent) and
reliability of the test were assessed in the first-scdde. Face validity was demonstrated if the test
presented a spespecific decisiormaking scenaridLarkin, Mesagno, Berry, & Spittle, 2014)n
psychological tests, construct validity refers to the degree to which a test measures a concept or
construct that it intends to meas(BeVellis, 2016; Haynes, Richard, & Kubany, 1996)comparison,
for perfamance assessments, construct validity is also obtained through evaluation of performance
between known skill level differencéSadotti, Vieira, & Magee, 2006; Thomas, Silverman, & Nelson,
2015) The knowngroup difference methofhomas et al., 2015% commonly used in performance
based tests, such as videased tests, to determine construct validity of the medkar&in et al.,

2015) For the purpose of this review, this is how construct validity will be defined. Concurrent validity
refers to the reltionship between the measure (i.e., decisiaking performance) and a criterion such

as performance ranking, or-field performancéGadotti et al., 2006)The second subcale examined

the demographics of the participants, in relation to the leveltyipgsally officiate. This is an example

of construct validity, and is important to determine whether the sidsed testing tool distinguishes
between performance levels. The third-sghle refers to the reporting given to the decisions provided

by theparticipants. Specifically, did the study report accuracy of the decisions? This is important, as
although studies report the number of free kicks or penalties made, differences must be put into
perspective by providing the accuracy of the decisions. Tladity] assessment of each study is

presented in Table 3.2.
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Strength of evidence

Assessment of Test

Measure

Officiating Level
Used

Clip Decision

Most Robust

Least Robust

Reliability and validity
assessed

Reliability only

Concurrent validityonly

Construct validity only

Face validity only

No reliability or validity
assessed

Three participating groups
(elite, subelite, amateur)

Two participating groups
only

One patrticipating group
only

Participating group not
reported

Decisionaccuracy reported

Only number of decisions
reported

No reporting of decision
accuracy or number

Figure 3.2: Classification scale of the viddmased testing tool strength of evidence.

Based on three independent varialjlgapted from Larkin, Mesagno, Spittle, and B¢pg15)].

Full-text review of 95 articles was conducted after being identified as potentially relevant from
scrutinising titles, keywords and abstracts. To deitee the appropriateness, the full text articles were

reviewed and assessed against the aforementioned inclusion criteria. Reference lists of each article were

3.4.Results

also examined to include articles not located within the above search criteria, with twoisthdiEs.

Studies were predominantly excluded because they examirfeglddecisionmaking 1 = 56), rather

than offfield videobased assessment per the criteria. Overall, 27 studies were included in the final

analysis.

48




Table 3.1: Summary of studies examining vidbased decisiemaking in sporting officials.

Sport o . . Influences on Vall_dlty_and ) )
Author (date) ; Other populations ~ Test overview . Reliability Results overview Key findings
skill level DM in task
Assessment
Soccer
Plessner and SkilllevelNR 6 Playersit=57) 20 match clips. Impact of previous NR (not No significant differencds e t we e n  Both referees and players were
Betsch (2001) =58) decisions. reported or and pl ay-eakisgscomse c i biased by their own earlier
evident) Referees did not want to award a penalty decisions.
the second scene if they had awarded a
penalty in the first.
Jones, Paull,and  Amateur (1= Nil. 50 match clips (20  Aggressive NR No significant difference in number of Referees who are informed of a
Erskine (2002) 38) 6certai nd reputation. decisions awarded againsttheblueteam t eamdés aggr es:
participants called a  Participants told either conditiong(> 0.01). This was respond differently than those
foul 90% of the time,  those wearinglue evident for berth a whodonotreceive this
20 O6uncer unformshada clips. Significant differencep& 0.01) by information, by awarding more
a foul was called history of number of cards by the two groups. red and yellow cards.
45%, 10 & aggressive
where foul behaviour
committed 11%). (experimental
group), or not told
(control).
Nevill, Balmer, Amateur = Nil. 47 match clips (22~ Crowd noise NR Referees in the noise group awarded Crowd noise influences decisior
and Williams 40) referees watched the significantly less fouls against the home  making, by reducing the numbe
(2002) clips with noise, 18 team than the silent groyp< 0.05). More  of fouls against the home team
in silence) experienced referees awarded significant rather than increasing fouls
less foulsg§ < 0.05). against away.
Balmer, Neuvill, Individuals with  Nil. One game including Crowd influence, NR In noise condition, referees awarded fewt Supports the home crowd
Lane,and Ward  coaching, 47 incidents. anxiety levels. fouls against the home sige0.001), and  advantage theory. Biased
(2007) playing and/or Participants more no foul decisiong € 0.003). decisiormaking was linked to
refereeing randomly assigned tc Significant relationship between noise increase in cognitive anxiety anc
experiencen(= a silent, and a noise condition, and cognitive anxiety£ 0.55p  mental effort.
26) group (with <0.01), and mental effort£ 0.54p<
commentary). Teste 0.05).
on opposite
conditionone week
later.
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Table 3.1 (continued)

Sport o . . Influences on Vall_dlty_and ) )
Author (date) ; Other populations  Test overview ) Reliability Results overview Key findings
skill level DM in task
Assessment
MacMahon, Elite 0=7) Youth academy 20 clips. Nil Construct Referees scored significantly higher Soccer referees significantly
Helsen, Starkes, playersi=41) validity only.  (80.6%) than players (55.196)< 0.001).  outperform players in an
and Weston No significant effect of playing experience infringement identification task.
(2007a) on decisioamaking accuracyp(> 0.05). Practice activities predict
Hours per week of petice isamoderate  performance.
predictor of accuracy& 0.01).
Catteeuw, Helsen, Elite (h=27) Elite assistant 24 clips presented Nl Construct Referees scored significantly higher Referees outperform assistant
Gilis, and refereesr(=27) twice. First as norma validity only.  (72.4%) than assistant referé&89%) p<  referees in an infringement
Wagemans (2009 speed. Second set a 0.01). identification task.
once normal speed,
followed by the
same clip twice in
slow motion.
Ghasemi, Elite (h=41). Nil. 76 match clips Nil NR Top referees scored significantly higher ~ This video test was able to
Momeni, Split into two than bottom ranked. distinguish between competitior
Jafarzadehpur, groupstop 10 levels for decisiomaking skill.
Rezaee, and ranked, bottom
Taheri (2011) 10 ranked
Poolton, Siu,and  Amateur (1= Nil. 45 match clips. Effect of previous NR The high decision rumination group Ruminating over previous
Masters (2011) 28). Group split decisions awarded significantly more fouls againstt decisions can have an influence
in half according away teamp(= 0.001). on awarding pnalties to the
to whether they home team.
were high or
low ruminators.
WagnerEgger, Amateur (= Amateur players(= 64 clips of the video Racism. NR Generally, referees were more likelyto  There is some evidence of
Gygax, and 17) 43) game FIFA 2005. evaluate challenges as fouls than players discrimination, but not all in
Ribordy (2012) Fans=22) and fansy{< 0.05). Referees were more  blad players.

likely to evaluate challenges by white
players as fouls, than black playgrs: (
0.05). This was more evident in the refere
group than players and fans.
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Table 3.1 (continued)

Sport o . . Influences on Vall.dltyland ] )
Author (date) ! Other populations ~ Test overview ; Reliability Results overview Key findings
skill level DM in task Assessment
Krenn(2014) Subelite = University students 52 match clips (24  Uniform colour NR Referees judged tackles less harshly thar  Uniform colour does not affect
42) with high football chromatic, 28 university students with a high and low  judgement of tackles.
law knowledgerf=  achromatic) knowledge of footbalk(< 0.01). Colour
81) did not have a significant impact on tackle
University students judgements(> 0.05).
with low football law
knowledgeif=82)
Renden, Kerstens, Subelite = Subelite playersr{= 54 clips Previous motor ~ Construct Players and referees were both significar Motor experience playing the
Oudejans, and 31) 17) experience validity only. ~ more accurate than faqs<0.001). No sport (i.e., players), is beneficial
CafnaiBruland Wheelchaibound significantdifferences between players an for decisioamaking accuracy
(2014) fans (=12) refereesy{< 0.998), nor fans and novicgs  compared to no motor experien
Novices (i=18) <0.799). (wheelchair bound fans). Player
and refeees have similar
decisioamaking skill.
Lex, Pizzera, Amateur (= Nil. 52 clips. Participants Crowd influence. NR Does not measure decision accuracy. Nc When the foul has already beer
Kurtes, and 50) assigned to two influence of sound on foul decisiopsy( made, players:
Schack (2015) groups based on age 0.806). Significant effect of sound on influence whether a yellow card
and refereeing penalty (i.e., yellow or red carg)<€ 0.01).  will be produced.
experience. One Refereesvere significantly more likely to
group first watched a produce a yellow card when players
silent, and then a produced audible vocalisations (30.8%)
noise condition (wit than no vocalisations (23.6%).
match noise). Testec
on opposite
condition one week
later.
Spitz, Put, Elite (h=20) Nil. 20 simulation clips  Nil Construct Participants significantly more accurate ir This video test was able to
Wagemans, Subelite = from perspective of validity only.  corner kick than open play situatiops( distinguish between competitior
Williams, and 19) assistant referee 0.001). Elite referees significantly more  levels for decisiommaking skill.
Helsen (2016) accurate in certain situations.
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Table 3.1 (continued)

Sport o ) . Influences on Vall_dlty_and ) )
Author (date) ; Other populations  Test overview ) Reliability Results overview Key findings
skill level DM in task
Assessment
Neuvill, Subelite ©=6)  Nil. One game. 2 referee Crowd influence. NR The referees with NO supporters presen  Systematic tendency of crowd f
Hemingway, watched game with were significantly more likely to disagree  influence referees to make less
Greaves, no supporters with match rpe0.084).e decisions. Evidence of home bit
Dallaway, and present, 2 watched present with referees tending to
Devonport (2017) with one favour team of supporters
supporters present, present.
other pair watched
with othe
supporters.
Spitz, Put, Elite (n=19) Elite assistant 40 clips presented  Slow motion Construct Elite scored higher (66.4%) than lie Referees are more accurate in
Wagemans, Subelite = refereesr(=24) twice (once in speed. validity. (60.1%), and assistant referees (58.0%). slow motion than real time. This
Williams, and 18) normal speed, once Reliability Both the sukelite and assistant referees  video test was able to distinguis!
Helsen (2017) in slow motion. assessed by  scored significantly loer than elitegg < between population groups.
Order randomised). intraclass 0.001). All referees were significantly mor
correlation accurate in slow motiop € 0.001).
coefficients
over two
viewings,
high reliability
(range 0.76
0.82).
Spitz, Put, Elite (h=22) Nil. 20 simulation clips  Nil Construct Elite referees were significantly more This video test was able to
Wagemans, Subelite = from perspective of validity. Test  accurate thasubelite (0= 0.012). distinguish between competitior
Williams, and 21) assistant referee. retest levels for decisiommaking skill.
Helsen (2018) reliability
from previous
study.
Australian football
Larkin, Berry, Elite (h=15) Nil. 25 match clips. Nil Construct Elite umpires scored significantly higher  Elite umpires have more
Dawson, and Lay Subelite = validity only.  than subelite umpiresg< 0.05). advanced decisiemaking skill
(2012) 23) than their sulelite counterparts.
Larkin et al. Amateur (= Nil. 32 match clips (8 Game physical Construct No significant correlations between No relationship between
(2014b) 15) following the exertion levels. validity. physical exertion and decisiomekingina  decisioamaking and irgame
completion of each Reliability particular quarter. Significaimhprovement  physical exertion. Higher
game quarter) from Larkin et  in quarter 4ff= 0.001) compared to decisionmaking at the end of the
al. (2014a). quarters 2 & 3. game could be due to the high

importance of this period.
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Table 3.1 (continued)

Sport o Influences on Validity and
Author (date) ; Other populations  Test overview ; Reliability Resultsoverview Key findings
skill level DM in task
Assessment
Paradis, Larkin, Subelite = Nil. 50 clips (10 blocks of Physical exertion:  Construct Subelite outperformed junior in decision  Physical exertion does not
and 06 Co 10 5: 2 x fAe 10x300mrun validity. making p=0.016y =0.5). Only scored  influence decisiommaking in an
(2016) Junior (= 8) fimedi umo, test Reliability significantl yp#hi g offfielddecisioamaking test.
fihar do) from Larkin et  0.043r = 0.46). No significant correlation ~ Subelite umpires have better
al. (2014a). between physical exertion and decision  decisioamaking than junior.
making overall, and in any difficulty.
Rugby union
MacMahonand  Study 1: high Study 2: playersy=  ClipnNR Nil NR High and low experience had the same  No significant differences in
SteMarie (2002)  experiencen(=  12) accuracy (53.7%) in Study 1. Players (62 accuracy for either study.
12), low had slightly higher accuracy than referees
experiencer(= (59%) in Study 2. Statistical significance
12). Study 2: NR.
high experience
(n=12)
Mascarenhas, Elite (n=45) Referee assessons ( 10 match clips. Nil Construct Top group of referees scored highest. Low level of accuracy and
Collins, and =27) Referees split into validity only. ~ Bottom ranked referees scored higher th: agreement of decisions.
Mortimer (2005) Referee coaches£  three groups based the middle group.
13) on ranking.
Touch judges(=
47)
Nazarudinetal.  Rugbyreferees Nil. 18 match clips Nil Concurrent Highly experienced referees scored highe Thisfirst-persorvideo test was
(2015) (n=132. (filmed from validity. in all decisioamaking than less experienct able to predict match
Experience: 1 refereesd (p<0.05). Match performaneeeasured;  performance, and differentiate
5yrsn=33,61 significant relationship between match ~ between experience levels.
10yrsn=34, 11 performance and decisiomaking
T 15yrsn= 34, performancer(= 0.61,p < 0.05)
16+yrsn=31)
Basketball
Brand,Schmidt, Elite n=113)  Nil. 18 match clips. One  Impact of previous NR Referees in the random condition more  Referees are less rigorous in the
and Schneeloch condition in decisions. likely to make more rigorous decisions thi decisiormaking when presentec
(2006) game/block order. origind sequence decision. in game order than random.
One condition in
random order.
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Table 3.1 (continued)

Sport Influences on Validity and
Author (date) ; Other populations  Test overview ) Reliability Results overview Key findings
skill level DM in task
Assessment
MacMahon, Amateur (= Nil. 44 clips (2 sets of Priming before NR Participants were more accurate in the se More off the ball incidents
Starkes, and 44) 22). Knowledge decisioamaking. that had fewer off the ball infractions. represent a higher difficulty of
Deakin (2007b) primed 1 (KP1): Knowledge and infraction priming had littt  decisioamaking task.
watched first set of to no effecbn decisiormaking.
infractions (ID1),
then rules/signal test
(T, then second set
of infractions (ID2).
IP1: watched ID2,
then 1D1, thendid T
KP2: watted ID2,
then did T, then
watched ID1. IP2:
watched ID1, then
ID2, thendid T.
Handball
Souchon, Amateur (= Nil. Watched video clips Decisionmaking  NR Significantly more penalties forwomen  Referees pesive fouls and
Coulomb 30) (n=unknown) of differences of male than meng{< 0.05). Women received penalties differently between me
Cabagno, Traclet, male and female and female sport. significantly more disciplinary penaltigs (& women.
and Rascle (2004) handball incidents. <0.001).
Equal number of
penalties for each.
Souchon, Elite (h=47) Nil. 122 match clips (60  Player gender. NR All participants more likely to apply More penalties against female
Livingstone, and  Subelite = male, 62 female sanctions to, and intervene in situationsw players than male players. Does
Maio (2013) 48) games) female players than male playegrs:( not provide decision accuracy.
Amateur (= 0.001), this was more evident in
50) amateur/junior referegs<€ 0.001). Non
significant difference between seliie and
elite referees.
Ice hockey
Wilson and Mock  Ice hockey (high Nil. 10 match clips. Nil NR Neither certification nor assertiveness levi Assertiveness levels are more
(2013) certificationn = Seven (high were significantly associated with making strongly associated with decisiol
15, low accuracy was-3 correct calls, whether that penalty orno  making in ice hockey referees
certificationn = correct calls) were a penalty p > 0.05). Highly certified referees rather than certification level
15). High penalty, three no that had higher assertiveness were more
certification was penalty (high likely to make a correct call, referees with
level 3 or higher. accuracy was 3 high certification and low assertiveness hi
correct calls.) lowest decisionmaking p= 0.03)
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3.4.1.Sports investigated

Key results from each study are presented in Table 3.1. In the studies identified, the most
prevalent sport investigatedas soccern(= 16), followed by Australian football umpires € 3) and
rugby union officials f = 3), handball referees & 2), basketball referees € 2), and ice hockey

refereesif = 1).

3.4.2.Reliability and validity of tests

Reliability of the decisin-making test was reported in four of the 27 studies. One study
conducted a reliability assessment, with intl@ss correlation coefficients demonstrating high- test
retest reliability (ICC = 0.76 0.82)(Spitz, Put, Wagemans, Williams, & Helsen, 2000free studies
reported reliability from previous studi¢sL ar ki n et al ., 2014b; Paradi s

Spitz, Put, Wagemans, Williams, & Helsen, 2018)

The three types of validity examined were face/content, construct, and concurrent validity. As
the inclusion criteria stipulates video clips must include sgoetific decisiormaking for officials
(i.e., presenting an infringement, penalty, or free ki) the studies had adequate face validity.
Although this was not explicitly reported by the researchers, face validity is evident due to the sport
specific decisiormaking nature of the task. Similarly, construct validity is not explicitly stated by the
studies, but can be assumed with a comparison of different performance levels. Construct validity was
assessed by differentiating between known skill levels in 13 sty@ateeuw, Helsen, Gilis, &
Wagemans, 2009; Larkin et al., 2011; Larkin et al., 2)MacMahon, Helsen, Starkes, & Weston,
2007a; MacMahon & St®larie, 2002; Mascarenhas, Collins, & Mortimer, 2005a; Paradis et al., 2016;
Plessner & Betsch, 2001; Renden, Kerstens, Oudejans, &-Bailahd, 2014; Spitz, Put, Wagemans,
Williams, & Helsen,2016; Spitz et al., 2017; Spitz et al., 2018; Wilson & Mock, 2008)the 13
studies which assessed construct validity, no significant differences were found in three of the studies
(MacMahon & SteMarie, 2002; Plessner & Betsch, 2001; Wilson & Mock, 20Tis infers the

decisionmaking task was not able to differentiate decisiwaking skill between known performance
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levels.Concurrent validity, which examines the correlation between test score-fietigrerformance

or ranking, was assessed in onggt(Nazarudin et al. 2015).

3.4.3.Skill levels

There was a crossectional analysis of one skill group investigated in 8 studies. These studies
covered a range of skill levels, including amateur officiats §) (Jones, Paull, & Erskine, 2002; Larkin
et al.,2014b; Lex, Pizzera, Kurtes, & Schack, 2015; MacMahon, Starkes, & Deakin, 2007b; Neuvill,
Balmer, & Williams, 2002; Souchon, Coulor@abagno, Traclet, & Rascle, 200&ubelite officials
alone were investigated in one stuiyevill, Hemingway, Greaves, Dalvay, & Devonport, 2017)
and one study with only elite officia(8rand, Schmidt, & Schneeloch, 2008here were ten studies
identified which compared multiple skill levels of sporting officials. Specifically, two studies split one
skill level into two participant groups based on the following criteria; high or low ruminators (i.e.,
considering previous decision@oolton, Siu, & Masters, 201,1and top compared to bottom ranked
(Ghasemi, Momeni, Jafarzadehpur, Rezaee, & Taheri, 20Wk) studies invaigated the effect of
experiencéMacMahon & SteMarie, 2002; Nazarudin et al., 201%8)nd one investigated certification
level (Wilson & Mock, 2013) In terms of officiating level; amateur, selite and elite were compared
in one studySouchon, Livingsine, & Maio, 2013)elite vs sukelite in three studief.arkin et al.,
2011; Spitz et al., 2016; Spitz et al., 2018)d sukelite to junior in one stud{Paradis et al., 2016)

The differences between each of these groups are presented in Table 3.2.

Theremaining studiesn(= 9) investigated decisiemaking differences of interactor officials
to individuals who do not complete 6central é off
refereegCatteeuw et al., 2009; Spitz et al., 2Q1s9cceplayers(MacMahon et al., 2007a; Plessner &
Betsch, 2001)wheelchaikbound fans, players and novic@®enden et al., 2014players and fans
(WagnerEgger, Gygax, & Ribordy, 2012) of f i ci al 6 s assessor s, of fic

(Mascarenhas et .al2005a) university students with high football knowledge and low football
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knowledge (Krenn, 2014) and finally individuals with soccer refereeing, coaching and playing

experience but did not distinguish between grd@admer, Nevill, Lane, & Ward, 2007

3.4.4.Clip type used

There was a range of decistoraking footage in the testing protocols. Most commonly,
individual video clips of match play from a broadcast perspectivetfiied;person were presented in
21 studiegBrand et al., 2006; Catteeuw et, &009; Ghasemi et al., 2011; Jones et al., 2002; Krenn,
2014, Larkin et al., 2011; Larkin et al., 2014b; Lex et al., 2015; MacMahon et al., 2007a; MacMahon
et al., 2007b; MacMahon & Stdarie, 2002; Mascarenhas et al., 2005a; Nevill et al., 2002; Patadis
al., 2016; Plessner & Betsch, 2001; Poolton et al., 2011; Renden et al., 2014; Souchon et al., 2004,
Souchon et al., 2013; Spitz et al., 2017; Wilson & Mock, 20I8)p studies investigated the decision
making of referees while watching one soccer ganrma a broadcast (i.ethird-person perspective in
a single sitting (i.e., watching a full football game at or{8gmer et al., 2007; Nevill et al., 2017)
One study investigated individual clips filmed from the reférgerspective (i.efirst-persn) using
headmounted glassg®azarudin et al., 2015 wo studies filmed simulation clips of players from the
assistant refer@eperspective (mix of first antthird-person attempting to present a stronger simulation
of t h esperspécevgSpizét al., 2016; Spitz et al., 2018)lthough this is from the assistant
refereeso6 per s-makiogwayiefringetndriasedias per the irelasion criteria. Clips

from the video game FIFA 2005 were investigated in one sWv&gnerEgger et al.2012)

3.4.5.Additional influences on decisioamaking

Two studies examined the effect of physical exertion on deemsgking performance, with
one implementing decisiemaking following 300m effort¢Paradis et al., 2016and another in the
guarter breaks foan Australian football matcliLarkin et al., 2014b)Four studies examined the
influence of crowd noise on decisiomaking performance. Of these, one study watched a game with a

teamdbs suppor t e r(Mevilperae 2047)and three studs ienplementechcrowd noise
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into the video clips compared to a silent condi{iBalmer et al., 2007; Lex et al., 2015; Nevill et al.,
2002) The effect of previous decisions was investigated in three st{Rfiasd et al., 2006; Plessner
& Betsch, 2001; Pdton et al., 2011)One study explored the effect of priming prior to a decision
making testMacMahon et al., 2007b)fwo examples of priming were used, including; knowledge
priming (i.e., completing a rules and signals test prior to the degisaiing task), and infraction
priming (i.e., being instructed to focus on specific infractions prior to the decrsating task). The
influence of slow motion on decisianaking accuracy was assessed in one st8gitz et al., 2017)
Biases were examined as afiuence on decisiemaking in five studies encompassing player gender
(Souchon et al., 2004; Souchon et al., 20mR)yer skin coloufWagnerEgger et al., 2012aggressive
team reputatiofJones et al., 2002and uniform coloufKrenn, 2014) There wee 11 studies which
did not investigate any additional influences on decisiaking(Catteeuw et al., 2009; Ghasemi et al.,
2011; Larkin et al., 2011; MacMahon et al., 2007a; MacMahon &/8Biee, 2002; Mascarenhas et al.,
2005a; Nazarudin et al., 2015eiRten et al., 2014; Spitz et al., 2016; Spitz et al., 2018; Wilson & Mock,

2013)

3.4.6.Transfer of skills to match performance

One study examined the transfer of vidssed performance to match performance (Nazarudin

et al. 2015).
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Table 3.2: Quality assessment of included studies.

Validity and reliability Skill level of officials Decision reporting

Not Construct or - Number of  Accuracy of
concurrent Reliability Not Amateur . . Not - .
Study reported T L Sub-elite  Elite decisions decisions
: validity reported reported or junior reported
or evident only reported

evident

Spitz et al. (2018)

Spitz et al. (2017)

Paradis et al. (2016)
Larkin et al. (2014b)

Spitz et al. (2016)

Larkin et al. (2011)
Catteeuw et al. (2009)
MacMahon et al. (2007a)
Nazarudin et al. (2015)
Mascarenhas et al. (2005)
Renden et al. (2014)
Ghasemi et al. (2011)
MacMahon et al. (2007b)
Wilson and Mock (2013)
MacMahon and St#arie (2002)
Plessner and Betsch (2001)
Souchon et al. (2013)
Brand et al(2006)

Nevill et al. (2017)

Krenn (2014)

Lex et al. (2015)
WagnerEgger et al. (2012)
Poolton et al. (2011)
Souchon et al. (2004)
Nevill et al. (2002)

Jones et al. (2002)

Balmer et al. (2007)
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3.5.Discussion

The primary aim of this review was to provide a summary of théeltf videobased decision
making assessment literature of interactor officeg] analyse the various methods utilised to simulate
sportspecific decisiormaking. The results highlight several key findings, including: i) soccer (football)
is emphatically the most researched sport in this domain; ifjedf videobased methods aear to
have high construct validity (i.e., ability to differentiate between skill levels); iii) a high degree of
variability in the methods applied to each study, leading to mixed interpretations of the results; iv) most
influences on decisiemaking appked in the tests effectively highlight potential biases that may be
present to an official in match play. Importantly, tests that effectively replicate potential biases such as
crowd noise present in match play may be able to delineate which officiatfeatedby certain biases,

leading to individualised training programs to promote consistent decis&ing.

This review focuses on the ditld decisioamaking assessment of interactor officials from a
range of sports. Soccer officials are the most comynresearched group, followed by Australian
football umpires and rugby union referees with three studies focusing on each of these groups. A review
of research on sporting officials also indicated the majority focuses on soccer offilziatock, Rix
Lievre, & CO6té, 2015)While certain findings can be transferred from research involving soccer
referees, there are a number of inherent differences between soccer and other sports. As noted by
MacMahon et al. (2014pporting officials in different sportsawy in the number of players and cues
they need to monitor as part of their role, which can consequently impact the detiog
requirement of officials across different sports. Furthermore, it has been suggested that a wider range
of research is reqréd to determine which officiating approach is most effective given a specific sport
or situation(MacMahon et al., 2014pifferent approaches to decistomaking include officiating in a
black and white manner where each decision is taken in isolatiarsiray contextual judgement to
apply the laws in consideration of the environm@&mecifically, a key coaching instruction of soccer
referees is for each decision to be evaluated in isolation, irrespective of previous déelsi&srer &
Betsch, 2001)Despi t e these coaching instructions, ther

officiating which can influence decisiofBlessner & Betsch, 2001 ontextual judgement is regarded
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as an important factor by elite officials themsel{ddascarenhas, @lins, & Mortimer, 2005b; Morris
& 06 Co n n pwhereby dedsnaking is not black and white, rather officials are somewhat
flexible in their final decision based upon certain contextual factors. For example, elite rugby union and

rugby league refees consider the impact of a number of factors such as time, score line, momentum

and field position when making decisigdndMa s car enhas et al ., 20ThiSb; Mor

knowledge will contribute to the understanding of how officials approactsidrmaking, by further

exploring the effect of contextwual judgements

A limited number of studies reported the validity of the vitbesed test, and fewer reported
reliability. It is imperative measures of validity and reliability are provided prior to using a-lakeal
assessment to ensure accurate regubskin et al.,2015) and is a necessity to ensure a robust
measurement tool for accurate results. Many studies do not explicitly state the validity of their testing
measures. Construct validity is, in fact, measured in 13 of the 27 studies included, by comparing
decisbn-making performance across multiple skill groups. Construct validity was evident in 10 of these
studies, which were able to differentiate between skill levels using the-ademl task. In terms of
reliability, this was reported in only four of the Zuidies. One study included a reliability assessment
as part of the study, demonstrating high reliability as assessed petlassacorrelation coefficient
(0.76:0.82) (Spitz et al., 2017)In addition, three studies reported reliability from a previcaisep
(Larkin et al., 2014b; Paradis et al., 2016; Spitz et al., 202y one study examined concurrent
validity of the decisiormaking task (Nazarudin et al. 2015). A videased test with a strong
relationship to offield performance or ranking has thetential to be used in conjunction with a battery
of additional performance measures for talent identification. These results highlight reliability is a key

consideration to be included in future studies, yet is not in the majority of research opithis to

A key measure of validity is construct validity, which in this review refers to how the test
differentiates between known skill levélSadotti et al., 2006)It is evident there is a high degree of
inconsistency within this research area, when exiagia range of skill levels. Eight studies provided
a crosssectional analysis of just one skill level. Some of these studies investigated the effect of an

external influence on decisianaking performance such as croiidevill et al., 2017)or player
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vocdisation (Lex et al., 2015)yet is it important to consider whether different levels of sporting
officials are affected by these external stimuli similarly or differently. Ten studies investigated the
decisionmaking performance across skill levels, ofiefh one study examined three separate
performance levels; elite, sudhite, and novicéSouchon et al., 2013}t is imperative for studies to

draw comparisons across multiple skill levels to determine construct validity. Establishing the validity
of a video-based tool assists in monitoring individual decisioaking progression over time using a
consistent measurement. When determining what constitutes the performance level of an official, there
is a lack of uniformity among the studies, similar to theegainsporting populatio(Gwann, Moran, &
Piggott,2015) The maj ority of studies consider 6éeliteb
for their respective spor{®rand et al., 2006; Larkin et al., 2011; Souchon et al., 2013; Spitz et al.,
2016; Spitz et al., 2018This definition is accurate for Australian football umpires as Australia is the
only country to play this sport at a national high performance level. However, this can become
problematic when considering sports such as soccerbagskietball. National German basketball
referees ar e Braadetal|(2006)yedthel highest perfdinyance level for basketball
would be the Basketball World Championships or the NBA competition in the United States. To assist
with the credbn of a more uniform system for comparison between studies, we propose a categorisation
system based fro®wann et al. (2015 his system provides examples from the three most researched
sporting official groups in this paper (soccer, Australian fogtlatiby union) (see Figure 3.3). As
noted bySwann et al. (2015¢lassification of officials is dependent on not only performance level, but
also the standard of competition in the country the sport is officiated. Formatitinal sports such as
soccerand rugby union, nationdgvel officials are classified differently in large or small sporting
nations. It is anticipated the development of this continuum will assist the uniformity of performance

levels examined within, and between sports in this rebemea.
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Elite

Sub-elite

Amateur

Soccer

“Sustained success” at highest
level of competition (e.g. FIFA
World Cup)

FIFA accredited & associated
Federations

Non-FIFA accredited. National
performance in large sporting
nation (e.g. Belgium)

Non-FIFA accredited. National
performance in small sporting
nation (e.g. New Zealand)

Second-tier competition in /arge
sporting nation (e.g. Belgium)

Lower level Amateur and/or
Junior leagues in large sporting
nation (e.g. Belgium)

Lower level Amateur and/or
Junior leagues in small sporting
nation (e.g. New Zealand)

Australian Football

“Sustained success” at highest
level of competition (e.g. AFL
Grand Final)

Regularly officiating in AFL
Competition

Regularly officiating in second-
tier competitions (e.g. Victorian
Football League)

Regularly officiating in Senior
Amateur competitions (e.g.
Premier Division)

Lower level Amateur and/or
Junior leagues

Rugby Union

“Sustained success” at highest
level of competition (e.g. Rugby
World Cup)

Regularly officiating in
intercontinental competitions
(e.g. Super Rughy)

National performance in large
sporting nation (e.g. Australia)

National performance in small
sporting nation (e.g. India)

Second-tier competition in large
sporting nation (e.g. Australia)

Lower level Amateur and/or
Junior leagues in large sporting
nation (e.g. Australia)

Lower level Amateur and/or
Junior leagues in small sporting
nation (e.g. India)

Figure 3.3: Classification of the different levels of sporting officials.

A number of studies compare decisimaking performance of referees to other population
groups. For example, foul infringement decisioaking was assessed between central soccer referees,
and their assistant referee counterp@@atteeuw et al., 2009; Bpet al., 2017) These studies were
included as they assessed madphcific decisiormaking of the central referee, compared to the
assistant referees completing the same task (i.e., redaffdecisiormaking was included). In both
studies, the centraeferees scored higher than assistant referees. When comparing soccer referees to
players, however, referees outperformed soccer players in desiaking performance in one study
(MacMahon et al., 2007aput not anothefPlessner & Betsch, 20Q1$imiarly, Renden et al. (2014)
determined there were no significant differences between soccer players and referees, yet higher
decisionmaking performance by these groups than wheeltdmaind fans and novices (with no soccer

experience). They concluded spspecific motor experience may play an important role in decision
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making skill. Researchers are encouraged to assess accuracy of decisions, as determined by a panel of
experts such a(karkin &tfli, 2014a; ISgtdet a. 2al&geysuion referees have

been compared to toughdges, assessors, and referee coalMescarenhas et al., 2005a)he
construct validity of this study was quite high, with the highest ranked referees scoring the best on the
test. Interestingly though, refereeaches who are considered subject matter experts scored the lowest.
Referees, coaches and players have been found to award more fouls when there is cr¢Bdalmeise

et al., 2007)These results, however, were presented with no differentiation betveegrs @r accuracy

of the decisions. There are a multitude of stufh@enn, 2014; Renden et al., 2014, Spitz et al., 2017)
comparing of fmaking ® lothed popuktons basednon a number of fagtush as
uniform colour(Krenn, 2014) motor eperience of playing the spgiRenden et al., 2014and slow

motion footage(Spitz et al., 2017) These studies only further demonstrate dlaed differences
associated with the expertise effect, and vibdased activities could be used to promoteuigment of

these individuals into the ranks of officials. Upon analysis across this research area, there is a wide
discrepancy of methods applied, especially in relation to deeisaing accuracy. For results to have

significance, reporting of decisiemaking accuracy within the viddmased task is a necessity.

In terms of clip type used, the majority of studias=(23) have utilised broadcast footage as
the presentation method. This is typically flmed from a fixed location in the grandstand ambtloes
replicate the perspective of an official in a gai@eaig, 2013)and as such lacks fidelity. Fidelity refers
to the extent a situation replicates reality, and is a key element of transfefieldgmerformance to
off-field such as in videbased tdss (Alessi, 1988; Farrow, 2013; Lorains, Ball, & MacMahon, 2013)
WagnerEgger et al. (201resented decisiamaking scenarios from the video game FIFA 2005, with
the rationale that this allows controlled scenarios from multiple viewpoints. As thipras&nts
animations, however, it potentially lacks fidelity as it does not provide real world footage. To increase
fidelity through heightened representativeness of the task, one study filmed match clips from the
refereeso6 per snented ghase(Nazasudim g al.h 2058imilarly, research has
filmed match simulations from the perspective of assistant refg@pész et al., 2016; Spitz et al., 2018)

These three studies have provided an advancement of the literature, by implementing first
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person/egocentric viewpoints to increase representativéPess& Ripoll, 2008) A limitation which

remains in this method is video footage does not automatically update with visual changes from head

movements, which limited percepti@ction coupling(Craig, 2013) Virtual reality presentation of

360 videos is a possible technology to overcome this barrier to increase representativeness of the task,
as it allows an individual 6s head movements to
video-based task to be representative of the match environment to determine differences between

expertise level§Williams & Ericsson, 2005)For this research area to advance, different technologies

such as virtual reality should be compared to tradifiomethods such as broadcast footage.

Several studies have attempted to increase the representativeness dfasetbdasks by
introducing potential stressors or examining certain biases that may influence an official in a game. As
Australian football umipes have a physically demanding tadksworthy et al., 2014)studies
examined the effect of physical demands in relation to deemaking performance. These studies
reported no relationship between physical exertion and sdeed decisiomaking peformance
(Larkin et al., 2014b; Paradis et al., 201€)milar to match datéElsworthy et al., 2014)As sport
officials, especially elite, contend with significant crowd noise, this has been examined in the literature.
One study involved soccer referees watching a game with fans or no fans present, with results
demonstrating participants are more likedydisagree with the decision when there are no supporters
preseni{Nevill et al., 2017) Introduction of match noise (i.e., players, commentary, and crowd) in the
task leads to a home team bias in decisi@king in two studiegBalmer et al., 2007; Neliet al.,

2002) but not necessarily another studlex et al., 2015)Despite the lack of influence match noise

had on awarding fould,ex et al. (2015)eported that it led to a bias in awarding penalties (i.e., red or
yellow card) against the away sidehis supports the literature stating crowd noise does influence on
field decisioamaking(Downward & Jones, 2007; Goumas, 2014hlike crowd noise, there appears

to be no decisiomaking bias against a team with an aggressive reputghmes et al.,@2). The
influence of previous decisions has been examined, with results inferring this does indeed impact
subsequent decisions in socfelessner & Betsch, 20Q13nd basketball official@Brand et al., 2006)

Extending on this researdPoolton et al(2011)reported referees who ruminate over previous decisions
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are significantly more likely to award more fouls against the away team, supporting the home advantage
theory also. The decisiamaking of referees in comparison to players and fans has bemmegan

relation to the skin colour of the soccer playiagnerEgger et al. (2012highlighted there were no
decisionmaking differences between these groups, but challenges made by black players were more
likely to be considered fouls, whereas foulsdméy white players were considered to be more severe.
Uniform colour has also been examined as a possible deaisikimg bias as per skin colour. Results
suggested soccer referees judged tackles less harshly than university students, but there wadls no ove
impact of colour on tackle judgeme(trenn, 2014) Unfortunately though, the results of these two do

not present the accuracy of the decisions. Although these findings indicate players of a specific shirt
colour for exampl e miigyimperatirend investigiteawhetherahese ddcisiand s
are more or less accurate. The results suggest denisiking in offfield tasks can be influenced in

the same way as dield performance is, and certain biases can influence degisitimg.

To accurately assess the performance of an individual on a-biksm test, it is important to
measure the transfer to match performance. In this review, however, only one study included the
assessment of transfer, by calculating the correlation betweenbaded test performance and match
performance (Nazarudin et al. 2015). Research has suggested including this integral component in
videobased tasks for sports officigRaradis et al., 2016however this is rarely examined. In athletes,
transfer taskbave been used to assess the effectiveness of peregpgudive interventiongLorains
et al., 2013) Results suggest the introduction of a perceptaghitive training stimulus may not
directly benefit orfield performance, despite performance improeat in an offfield video-based test
(Gorman & Farrow, 2009; Lorains et al., 2013Juggesting a low correlation between-fighd
performance, and offeld videobased tests. Transfer tests have typically not been used in the research
due to the inhererdifficulties of natural ingame variation, and the lack of control researchers have
over this environment. As a result, researchers typically do not incorporate this component as it leads
to validity and reliability issue@_arkin et al., 2015)Despite his, a novel transfer test is better than
none as sporting officials, and athletes in general, are ultimately measurediblyg qerformance.

Only one study included in this review examined concurrent validity (Nazarudin et al. 2015).
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Concurrent validitycan be assessed via skill transfer by correlating the Abdeed test decisien
making accuracy to ofield decisionmaking accuracy. Alternatively, performance ranking of officials
could be assessed, as decigimaking is the most important skill for affating, and a key cornerstone
of succes¢Helsen & Bultynck, 2004; Mascarenhas et al., 2005b)advance this area of the literature,

comparisons to cfield performance are vital.

3.5.1.Conclusions

In summary, this review has highlighted several key firgliagnong the literature assessing
decisionmaking skill in interactor officials. Firstly, soccer referees are the most predominantly
investigated group of sporting officials. There were 16 studies which researched this group, compared
to the next highest g Australian football and rugby union (three studies each). \Midsed methods
appear to have high construct validity when contrasting deeisaking skill of multiple skill levels.
Therefore, videdased tests can be used as a consistent and acoessare of individual decision
making progression over a period of time. There is, however, a high amount of variability (i.e., clip
type, number of clips, participating groups) in the methods across the studies identified which may lead
to a certain degeeof incompatibility among the findings. Finally, this review highlighted the influences
whi ch can bi asma&ifgfOf thdsaihflsedcesdoceowd neise@ppears to be a prominent

influence on decisiomaking accuracy.

3.5.2.Consideration for future research

Based on the key findings outlined above, the authors have several considerations for the
direction of research in this area. As discussed, there is a plethora of research investigating decision
making of soccer referees. While it is recognisedith i s consi dered the worl d
(Giulianotti, 2012) there is a necessity for research in other interactor officials to promote effective
practice in other sports. In addition, validity and, especially, reliability measures need to be

implemented in studies of this nature to ensure rigor of the sidsed assessment tool. Similar to
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consistency in the applied methodology of each study, this will ensure compatibility of results across
different sports. The most common modality of video pregen was match broadcast footage of
sporting games. With the advent of technology, other modalities such as virtual or augmented reality
could be considered to be more representative of tharime decisiomaking of a sporting official in

an offfield controlled environment. For this research area to develop, the assessment of transfer is
imperative. Although there are inherent limitations in examining transfer, the exploration of novel
transfer assessments will further advance this area of the liwrdience reinforcing the practical

implications of this method.
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Chapter 4: Reliability & Validity of 360 ° VR and

Match Broadcast Video

This Chapter is presented in grablication format of a recent publication titled:

Kittel, A., Larkin, P., Elsworthy, N., & SpittleM. (2019c¢). Using 360° virtual reality as a decision
making assessment tool in spdaurnal of Science and Medicine in Sp@2(9), 10491053.

https://doi.org/10.1016/j.jsams.2019.03.012

77



Insert authorship forms here

Kittel, A., Larkin, P., Elsworthy, N., & Spittle, M2019c). Using 360° virtual reality
as a decisioomaking assessment tool in spdiurnal of Science and Medicing

in Sport 229), 10491053.https://doi.org/10.1016/].jsams.2019.03.012

Kittel Aden

Institute for Health and Sport 80

Sep 2019

- 12/8/2020

78

































































































































































































































































































































