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Abstract

Background: Despite the importance of effective sports officiating for athletes and fans
across the world and across sports realms, research into improving the performance of these
individuals has been lackingew, if any studies, have demonstragédctivemethoddor

improving one of the key tasks of sports offictadé&curate decisiemaking.Officials can

improve their decisioimaking by accumulating experience officiating live games, but this
takes time. As a complement to kgame experience and a way to trd@cisionmaking

outside ofagame, decisiommaking through broadcast video methods has been proposed and
utilised. Howeverthe ability of these method® transfer skills to live games has been
guestionedDue totheir firstperson perspective and accanping features, 360° VR videos

may offer improved decisiemaking accuracy training alternatives2io broadcast videos.

Purpose: The current study examined and compaheduse o2D Broadcast videos and
360° VR videosy a cohort of softball umpirgd =17)to 1) assessports officialdecision
making accuracusing 2D Broadcast videos and 360° ViReos; 2 compareEcological
Validity valuesbetween the 2D and 360° VR videos; 3) assess the connection between
experience level and video condition;obtan qualitative data on the video conditions

through interviews of several softball umpires.

Methods: A four-stagemixed-methods approach was used to gain more comprehensive and
complementary resultQuantitative data was primarily gathered during tret three stages,
while qualitative data was gathered during fourth stage results showed no significant
differences in decisiemaking accuracy between the 2D Broadcast videos and the 360° VR

videos(decisionmaking accuracy mean of 8.0-€.9 s.d. for 360° VR, 8.5 +1.5 s.d. for



2D broadcasty = 0.242) and no significant differences in accuracy by experience level on
either video conditioifinovice accuracy mean of 8.5 4/4 s.d. on 2D broadcaand 8.0 +

1.0 s.d. on 360° VR, expert accuracy mean of 8.3.#/s.d.on 2D broadcast and 8.0-8/8

on 360° VR p=0.961) The 360° VR videos receivaignificantly higher EV values than the
2D Broadcast videog.1 ++ 2.0 s.d. on 360° VR, 4.4 +1.9s.d. on 2D broadcast video, p

<0.001)

Conclusion: Despite mixed results, the qualitative feedback from umpires supports the

potential of 360° VR as a decisionmaking accuracy tool.
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Key Terminology

2D Broadcast Vides- Video recording of a sporting event, usually from a third person

perspective in and around a sporting venue

Virtual Reality (VR)— Technologicallyproduced simulation of the real world; simulation can

be interactive or neinteractive

360° VR- Form of virtual reality produced from filming in 360°; usually Aateractive

HMD —Head Mounted Display; computer display unit attachetedead or helmet of a user

VR Sickness- Virtual Reality Sickness; body of symptoms resulting from exposure to virtual

reality

180° Video— Form of video produced by filming from a camera, limited to 180° field of view

MLB —Major League Baseball; the diag U.S. professional baseball league

SNZ - Softball New Zealand; the leading N.Z. softball league

FIFA — Fédération Internationale de Football Associatitwe leading international football

association

Run— The scoring unit in softball ddaseball; occurs when a player from the striking team

advances to the home base plate

Inning — A division of a game within softball or baseball during which each side is given the

chance to strike the ball and score points

Pitch— Process of throwing theab to the opposing striking team in softball or baseball

Bowl — Process of throwing the ball the opposing team in cricket

Xiii



Thematic Analysis-Qualitative analysis method involving identification of themes via

patterns and codes
EV —Ecological Validity; masure of realism
EmbodimentRe pr esent ati on of the body i n one’s mi

Immersion- Technical features of a simulation display system related to its ability to

stimulate the senses similarly to the real experience

Presence In a simulation, the feeling of being someplace despite knowing that one is not in

that place



Chapter 1: Introduction
Section 1.1Sportbackground

The striking and fielding sport ddstpitchsoftball traces its origins back to the United
States inl887 anchas many similarities to the sport of basebiile key differences between
softball and basebadireprimarily thesize of the bal{roughly 30 cm circumference in softball
versts 23 cm in baseba]lpitching style (underhand in softball versus overhand in baseball),
number of innings (seven in fastpitch softball versus nine in basetralplaying areémore
ground to cover in baseballfurrent estimates indicate tregtproximately 65 million people
in 140 countries participate in softball and baseball, and that collectively baseball and softball
have more casual participants than any other sport in the \(iddld Baseball Softball
Confederation2017).In New Zealandsoftball was imported by American sailors and first
played in 1935. Today, softball in New Zealand is primarily played under the jurisdiction of
Softball New ZealandSNZ), which countsnearly 35,000 active participants, invested in 21
associations and3D clubs (8ftball New Zealandn.da). The Black Sox, the national New
Zealandmens t e a m, has continually placed amongst

tournaments, winning the World Championships title

genly as 2017.

The objedtve of softball is to score more runs than the other teBimsis accomplished
by a team’ s (aftef)strikirg abalipitciped angeehandoftball NZ Measurable
Velocity Standards lists the average ball pitch speed at anywhere bettEéem 127km/h
(Mygind, 2011)for experienced males, and 106 km/h for experienced fenfdiespitcher is
based upon a block, approximately-18m from the batterA batter/runner musprogress
counter clockwisghrough a diamonghaped field consisting of threedeaand one home
plate. Each base is 18.26h apart(World Baseball Softball Confederatio2017). After

successfully striking the balthe batter/runnemust reach a base before a defensive player

1



arrives with the struck ball at the same bashilstthe katter/runnemaintairs contact with
base or plateotherwisethe player is considered outhe offensive player is not required to
attempt to run through all of the bases in one pa&asut can also occur if the pitcher fosce
the batter toecord threestrikes (missedat swing/contaawith pitched ball) during their turn

atbatThreeoutscost i tute the end of the offensive te€

Sectionl.2 Research background

The sportsofficials responsible for deciding whether a playesoftballis out or safe
areknown aghe umpires, and consist of thiateumpireandbaseumpires Each softball game
endeavours to hav@minimum of one plate umpire and one base umpire, though this number
can increase to thrdmseumpires as needetihe number of umpires in each game can change
the mechanics/rotation and expectations oheaupire accordinglyWorld Baseball Softball
Confederation202@). For example, officiating with 2 or 3 base umpires versus 1 base umpire
vastly alters the recommended movement responses to certain plays, with a 1 base umpire
rotation requiring the 1 unme to track players and baliery differently than each of the
umpires in a 2 or 3 umpire rotatioBach legally pitchedball that is not hit by the batter is
called a ball (when a batter does not swing at a pitbh#dhatdoes not enter the strike zone
or touches the home plate or touches the ground before reaching the home platepire
calls astrike when any part of a pitched ball enters the strike zone before touching the ground
and the batter does not swing (peed the top of the ball is at or below the sternum or the
bottom of the ball is at or above the bottom of the kneedafoul ball isdefined as legally
hit ball that settles on foul territory between home and first baselines or between home and
third baselinesThe foul territory is an area from the foul line (line between home platesand 1
or 39pases) and the deadball line (side fence) approximately 8mWinkéd(Baseball Softball
Confederation20174). The deadball line or fence is approximatelyn8rom the baselines

(World Baseball Softball Confederatic2017a).



A baseumpire determines if a runner (offensive player after hitting a badying
between bases teclared as eithesafe orout, when the offensive player is tagged with a ball
while the defensive player maintains contact with the base or platsdecision is basedn
the umpireobservingfour variables known as the four elementshich aretheleading edge
of a basebal position, fielder (defensive player at the relevant base) position, and runner
position(Softball New Zealand202@). Due to the speed of the gara#, umpiresare required
to adjudicate as to a safe or out decisithin seconds (Szymanski & FredricR001).No
video replays are allowed to help adjudicate calls in softthalsthe umpire is expected to
process and execusecuratedecisionsquickly. As noted by Sof tashaal | Ne
umpire you must be able to demonstrate great rules knowledge decisiormaking, an
ability to explain and defend decisions and a willingness to keep the game moving at a steady

pacé Softball New Zealandn.db).

With the fastpacedrequiremenbf decisioamaking in softball, any training method
which can improve decisiemaking and accuracy is welcorbg the umpiresCurrentsports
official trainingmethods arguably leaveom for improvemendcross a range of spartghilst
most decisiormaking trainingliterature has beefocused on athleteittel et al., 2019).
Improvements in softball umpire decisioraking would not only benefit highdsvel
national/internationaburnament games, blaical and regional games across the waAltlile
much of the research used 2D videos, critiques haseraas to the usefulness of the 2D video
format @Aradjo et al., 2006; Petit & Ripoll, 2008; Helsen et al., 201Bhis thesis seeks to
examineVirtual Reality (VR) technology, and specifically 360° VR technology, as a possible

alternativedecisionmakingtraining device and method for softball umpires

The aim of this research is to investigate the gétionof using 360° VR technology
for training decisiormaking in Softball NZ umpires. Specifically, there are thpeenary
research questions this research seeks to address

3



(1) Doeswatching2D Broadcast or 360 °VR video produce higher decision
making accuracy
(2) Doeswatching2D Broadcast or 360° VR vidgaroducehigher ecological validity

for game decisiomaking?

(3) Can 360° VR assess decisimaking skillaccuracy between novice and
advanced sports officie?s

A gualitativecomponent will address a fourth research question:
(4) What are the perspectives of participants on the use of 360° VR video to enhance

decisionmaking?

Section 1.Research thodology andesearch design

This is a mixedmethods study, using quantitative data gathered from participants
viewing softball plays in two different formats, as well as qualitative data gathered from
interviews. Venkateshet al. (2013) have noted that mixed methods reseamsliesseven
primary puposes: 1) complementarity; 2) completeness; 3) developmental; 4) expansion; 5)
corroboration/confirmation; 6) compensatidi) diversity For the purposes of this research,
a mixed methods approach was chosen primarily for completeness and
corroborationtonfirmation purposesit is important to acknowledge that there has been
considerable debate about studies using both quantitative and qualitative methods in relation
to being either *‘mixed methods’ or “mul ti me
Informing this study positioned within the context of mixed methods reséaeokatestet al.
(2013) described completeness as ensuring that a complete picture of a phenomenon was
provided corroborationwas described as assessing the credibility of inferences from one

information sourceThe researcher sought to understand the phenomenwnpafedecison-



making training as thoroughly as possi bl e,

project.

Section 1.4Thesis structure

Chapter ondnas introduced softball and its specific sport official needs. The need for
research into improving deastmaking in softball umpires was presented, as was the idea of
using 360° VR for this purpose. Chapter two will expound the available research into sports
official decisionmaking and outlines how 360° VR for decisioraking could improve
softball umpiredecisioamaking. Chapter three will discuss the methods and data analysis that
the research will implement, as well as how the various ethical responsibilities of the research
were satisfied. In chapter four, the results for both quantitative and qualtatnponents will
be presented. A discussion of the results will follow in chapter five. Chapter six will provide a
conclusion, as well as recommendations for future research based on the weaknesses and

strengtls of the research.

V



Chapter 2: Literature Review

Introduction

When compared to the spaglated research that has focusedathietes, there is a
paucity of literature that has focusedtbe demands dafports officialyWalters et al., 2016).
The lack of research focus eports officialgs reflected in the realorld experience asports
officials where resources and attentiare predominantly focused on athletes asypbrts
organgations. This was recently highlighte by the COVID19 global pandemic, where
sporting fixtures have been curtailed or cancelled, and organisations have sought ways to
minimise the impact and spread of the disease (Castagna et al., 2020). However, using football
sports officials (known as refeeslas an example, although COVI® guidelines have been
developed for athletes and coaches, currently no guidelines have been developed for football
refereeqCastagna et al., 2020). This neglect of support or interest is, unfortunately, similar
with regards to thexistingresearch on sports officials and ithéecisioamaking process
and training. The dearth of literature on decisiaking and sports officials, however, presents
an opportunityto contributefindings to promote future researdrhis chaptereviews the key
literature related to this study on sports officials and decisiaking, and is divided into four
sections.The first section details the current methods of sports official deemsaking
training. The secondexaminestwo key decisionmaking theories Section thredocuses on
representative learning design, and its utility with regards to training decskimg. The
fouths ecti on focuses on VR’s emerging use 1in
training decisiormaking.
Section 2.1 Current decisignaking training methods for sports officials

In order to execute their decisiomaking duties effectively, sports officials must learn
how to align declarative knowledge (the rules of the game) with procedural knowledge (how a

rule is applied to the game) in a dynamic environment (Plessner & MacMz03). To date,



sports officials have been required and expected to master the declarative knowledge aspect of
decisionmaking through studying manuals and passing tests or exams to demonstrate
competence (Catteeuw et al., 2009; Gulec, 2019; Samuel.20h7jootball, for example,
Fédération Internationale de Football Association (FI&#ectsaspiring and curremeferees

to understand and apply the Lawf the Gamebooklet, currentlya substantia29page
document replete with football rules and gi@ms (The International Football Association
Board, 2020). In the American National Football Leageé&reesnust know and apply the
Official Playing Rules of the National Football League, curreatly87-page document
detailing the rules of the game (fMaal Football League, 2020). Softball NZ requinespires

to understand the rules and diagrams of different level workbooks. For exanygeeld

umpire aspiringto Level 2 umpire rank must know and apply the rules within tlesel 2
workbook(SoftballNew Zealand, 20204t the higher end of umpiring leveltose Softball

NZ fast pitchumpiresaspiringfor Level 7 rank must know and understand the ridfesn the
105-pageWorld Baseball Softball Confederation Umphanual:Fast PitcHWorld Baseball
Softball Confederation, 208D While reading and comprehending rulebooks are necessary for
sports officials, in order to gain decistamaking expertise sports officials madso learn how

to apply game rules, otherwise known as procedural knowledge.

Perhaps the mosited methodin the literaturdor training sports officials to improve
procedural knowledge and decisioraking has beer2D broadcastvideo match analysis
(Helsen et al., 2019; Kittel et al., 2019a; Mascarenhas et al., 20B8&)ein the vast majority
of academic literature on decisitomaking and sports officials has centred on football (Kittel
et al., 2018). Whilst the dynamics dbotball and softball are ddrent due to limited findings
related to sports officialgindings fromstudies orfootball refereesn different parts of the
world will be extrapolated to the general nature of sports official decisiaking literature

and softballln one study, traineesi | sr ael S sparts officialti@ihing forogpamb a | |



(The Israeli Excellence Prograjspent approximately 90 hours geason on specific training

skills, ninehours of which consisted of video match analySemuel, 2017)Theseninehours
consisted of a referee coach and their assi
recorded performanceand the referee ach giving either personalised feedback to improve

the referee’s skills, or a more formul aic a
assignedeferees used broadcast videos to highlight examples of proficient and poor football.
Such training metbds were viewed as critical for developing professidoatball referees
(Samuel, 2017)Iin England, national football refereamtched DVDs of various contentious
playson a large screen alongside other referaéter which followed a series of debates,
discussions, and commentdkyebb, 2014)It was hoped that the insight gained from these
endeavourswould equip referees with sufficient insights and responses towards future
occurrences of the discussed plays/céliational football referees in Italynd Spain used a
similar video match analysis pedagogy by emphasizing group review and discussion of key
plays (Webb, 2014). The Prozone sports official software program was another video match
analysis method mentioned in the literature for training fdbtifficial decisionmaking and

used specialidesigned software features to educate sports officials on specific points of
interest(Nevill et al., 2013)Noted as grimary benefit of video analysis wése ability for

sports officialsto train their visual and perceptual experience of games without being present
in a game (Larkin et al., 2@). Additional cited benefits of video analysis decisimining
included more control and consistency of training scenarios, and improved videsn mat
decisionmaking for sports officials (Larkin et al, 2011; Larkin et al., 2015). Sports officials

couldfocus on key contentious plays or calls that occurred or they beliewke occur, and

train to improve their decisiemaking ability on such plays calls.

Despite the prevalence of video analysis for sports official deemaang training,

several criticisms have accompanied its. us&hilst video analysis can help with routine



decisionsgarlier sudies have found that decisions requiring dymanine sensitive tasks did

not seem to benefit from video analys&ning methods (Beach & Lipshitz, 1993; Edwards &
Newman, 1982; Lipshitz, 1993)lore recent critique of video analysis noted that because of
its third persorperspective2D broadcast Mleo analysis was not representative of actual in
game decisiomaking demands, thereby diminishing the decisi@king training potential
(Aradjo et al., 2006; Petit & Ripoll, 2008; Helsen et al., 2019). Opportunities for video
feedback may also be liredl depending on which organization a sports official finds
themselves in, as noted by the discrepancy in video analysis access between Belgian national
assistant football referees and FIFA assistant football referees, with FIFA referees receiving
vastly syperior quantities of video analysis in comparison to Belgian national referees (Gilis et
al., 2008). Despite the pattern of using video analysis to train decig&img, questions arise

as to is validity in actually training decisionaking. To date, onlgne study has demonstrated

a transfer of sports official decisignaking ability from video match analysis to reabrid
performance improvement (Nazarudin et al., 20C)e suggested solution to address the
limitations of video analysis was for sportffidals to run actual live simulation games

(Samuel et al., 2039

In simulations,athletesand sports officialsare organizednto simulated games to
review plays and rulesSamuel et al., 2017; Samuel et al., 2019; Webb, R0VA4ilst such
simulationscan capture the conteml, technical, and perspectives of actual games for the
participating sports officials, the cost in manpower and time&onsidered prohibitive
(Armenteros et al., 2018Samuel, 2017; Schweizer et al., 201Afditionally, in some
countries such as Italy and Spain, national footiyadirts officialswere unable to organise
simulation matches for development because of professional restrictions, unlike for English
national football sports officials (Webb, 2014).Moreover research has suggested that

simulations are not available for many sports officials, with perhaps the exception of higher



level sports league sports officials (Gilis et al., 2008; MacMahon et al., 20ly, there is
a lack ofdata tosupport theefficacy of this methodor improving sports official decisien
making(Samuel et al., 2019%till, if a simulation match has potential to train decisiweking,

actual matches may offer even more potential.

Experience has been associated with improved alaitpss a range of sports. For
exampletherewasevidence to suggestatboththe number of matches officiated amember
of years officiatedpositively correlated with increased decistoraking ability br Belgian
national and FIFA footbalport officials(Catteeuw et al., 2009). Ruglsportofficials with
more experience also scored higher on a decisiaking accuracy test in a study by Nazarudin
et al. (2015)In a study on Australian Football Leaguepires, Corrigan et al. (2018) found
evidence that greatesfficiating experience was associated with higher decisiaiking
accuracy. Matchesr real games, were thought to offer greater potential for training because
of their ability to produce pressirand its accompanying effects on decisioaking
(MacMahon, 2007). However, not all matches yield equal deemigking training results
For examplesurveyed Belgian soccsport officialsdetermined thatompetitive league games
werericher in decisiormaking training than exhibition matches (Catteeuw et al., 2009). This
might have been affected by the amount of deliberate practice inherent in the type of games
officiated According to the deliberate ptaae theory espoused by Ericsson et al. (1993),
attaining mastery of a task is multifactorial, but is claimed to require large investhénts,
estimated at around 10 years following deliberate practice training principles. These deliberate
practice pinciples require activities that are gahitected, require effort, and monitored by an
expert that provides prompt feedback (Ericsson et al., 1998 work by Ericsson et al.
(21993), whiktoriginally applied to musicians, has garnered the attentiasademics such as
MacMahon et al. (2007) to study the acquisition of decismaking excellence in sports

officials. Reflecting on a 2005 paper by Ericsson et al. in which the authors suggested that



deliberate practice be used to study expert performenmeetivities which are difficult to
simulate or practice, MacMahon et al. (2007) argued that sports officiating was one such
activity. Their argument was supported by findings whinclicatecthat footballsports officials

lacked opportunities to train dision-making skills (Catteeuw et al., 2009; Gillis et al., 2008;
MacMahon et al., 2007)Thus, with fewer trainingopportunitiesthe importance of match
officiating certain types of games for decisimaking training cannot be overemphasiskte
difficulty of gaining expertise in decisianaking via officiating real games rests in the time
required to gain this experience, and the inconsistency of learning opportunities in each game.
Compared to footba#iports officials youth football players were found accumulate enough
deliberate practice for sufficient expertise in half the time (Catteeuw et al., 2009; Ford et al.,
2009). Video analysis, game simulation, and real matches all offer various dec#iomg
training opportunities The literature orofficiating and decisionmaking for striking and
fielding sports officials in baseball and cricket suggests the usefulneifeoént types of

video analysis for improved decisiomaking accuracy.

Section 2.20fficiating and decisiommakingfor sports oficials in other striking and fielding
games

Striking and fielding sports such as softball, baseball, and cricket share similar game
mechanics and rules. Within a set time period (innings), a team must score more runs than the
other team. This is accompiisd by a batsman/batter attempting to strike/hit a thrown (pitched
or bowled) ball to certain areas of the playing field, whiledjeosing teamattempts to defend
by catching and returning (fielding) the b@iloveWell, n.d.) Sports officials in this game
must be able to locate andjiadicateon the variousnteractions between players, balls, and
specific sport markers (bases in baseball aftdah and wickets in cricket)lo do so requires
excellent processing skills (MacMahon & Starkes, 200i)the literature for officiating and

decisionmakingfor baseball sports officials, there was an emphasisdao usage
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Baseball is mguably tre closest sport to softball in terms of the ruleguipment,
playing field, athlete, and sports officialfficiating and decisioamaking Although the
literature on baseball sports officials is limited, the widespusade of video analysisethods
for decisionmaking trainingwas evidentas were the associated benefits2002,the MLB
(Major League Basebalthe American organisation of professabiaseball) approved and
implemented the usage of a system of networked cantidesd QuesTem a selet number
of MLB stadiumgMills, 2017). The idea was to track, analyze, and report performance metrics
to the umpires. In 2007, the PITCHf/x system, used to identify various location and vector
factors of a pitched (bowled) ball was installed in all stadi.By 2009, theZone Evaluation
and Feedback system (ZE) had replaced the QuesTec systkivMLB stadiumsMills (2017)
explained that the reason the ZE system replaceQuksTec systemvas because of its more
precise data outputs, as well as how quickly feedback was provided to umpires following their
officiated games. The QuesTec system seemed to lack either of these features, perhaps
explaining the non-significant changes in accuracginciding with the years it wassed
(Mills, 2017).Under the ZE systenmowever, MLBsports official accuracy with pitch calls
increased from 85.3% in 2008, to 89% in 2014 (Mills, 20Additionally, research by Mills
(2017) demonstrated a link betweexperience and accuracy, with greater experience being
associated with greater call accuracy, but-kggerienced sports officials benefitting more
from the ZE systenilhe benefits of proper video analysis usagee corroborated byavis
& Lopez (2015)who reported that MLB sports official accuracy on pitches increased every
year after pitch tracking data became availaBResults of a studysing data from the
Taiwanese professional baseball league, the CPBL (Chinese Professional Baseball League)
suggeted that using regular broadcast video footage the particular viewing angles from
this formatwerenot ideal to improve decisiemaking in sports officials (Hwang & Tsu, 2020).

With such results, video analysis systems paired with prompt feedbadkdigsécured its



place in the training and improvement of MLB sports officials for years to covinde MLB
has used video to help its officials improve their officiating and decisiaking and skills,
cricket has, at least within the literature, embrhautomation and artificial intelligence to

mitigate human errors in its sports officials.

Cricket has leaned into using technology to resolve decisiaking disputesiuring
matches especially within the context of test cricket matches, which canfdastiays
(Shivakumar, 2018)Rather than developing new methods to improve the actual decision
making skills of cricket sports officials, the acadelt@raturehas focused on thaevelopment
and testing of machine learning and digital image processiagsist cricket sports officials
with determining difficult calls (lyer et al., 2020; Kowsher et al., 20M&elikanti et al., 2021

Vinesh & Sujatha, 2025In a sport where an additional umpiré& (8npire) is often responsible

for deciding controversial plays, technology has presented itself as a viable tool for assisting

with officiating and decisioimaking. Additional research hagestedsound technology to
determine if a ball and striking bat aatly connected (Ting & Chilukuri, 2009)There is no

research to suggest that this heavy reliancteonnologywill take away the human element

of decisionmaking and fully automate the game in the future, but rather it seems to signal that

there may beperceived limits to the accuracy of cricket sports officials, and that the

development of such technological assistance is meant to boost the abilities of sports officials

to execute their job responsibiliti€Shivakumar, 2018)

In summary, a range of ethods have been used to trammd assissports officials,
however in order to understand how best to deploy them, the nuances of the dealdimn
process should belaboratedipon. By investigating the various decisimaking theories, the

variablesad f actors necessary t-makiagcandegidestiped antd s

of f

used to maximisthisst udy’ s e f f e ct thevimpaced wriousrformmfsidee s si n g

analysis on gameecisionmaking.
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Section 23 Decisionmakingtheories

Initial theories andnodels such as cognitivism, informatiprocessing, and closed
systems attempted to explageneraldecisionmaking as the end result of a sequential and
linear process, using inputs and outputs similar ¢oraputer systemBalaguéet al., 2008;

Araujo et al., 2006; Starkes et al., 200Epr instancevisual data was inputted through the
Central Processing Unit (CPU, human brain), and specific responses (output) were produced
from specific cueginput). To illustratein a sporting contextan offensive playémunnerin

softball was considered out (output) if the defensive player met the conditions for tagging the
player out or the defensive player touched the base whilst holding the ball tteéovéfensive
player/runner made contaihput). However, sich a theory suggesta simplistic view of
examining decisioimaking. Decisions proceeded from a finite set of choices, and each
individual s resul ting act i(Scmelt &wiee, d999).nd e p e |
Furthermore decisioamaking was described as aentirely mental process dependent on
information from the environment to produce choidgaldguéet al, 2008§. Poor decision

making was therefore considered to be from the lack of nmtion/stimuli but could be

improved by identifying and enriching such input gafsa(jo et al., 2019).

The focal point of contention against the traditional approach of improving single
individual inputs to produce desirable outputs relates to prattioas noted byBalaguéet al.
(2008), under the inpwdutput model, the demands placed on an individual would have been
excessive. Every decision required a corresponding catalogue of stored information, constantly
shifting and changing, especially whitye actions of others must be considered. To process all
these inputs, and produce one solution to every problem, seemed unlikely and unwieldy
(Balagué et al., 2008While recent research on this type of training has yielded supportive

findings, the reseah results seem to be largely confined to laboratory findings and did not



provide support to any realorld sports performance transfer effect (Renshaw et al., 2019).
Essentially, researchers isolated variables of interest without consideration of vawahkes
interacted with each other. Training decismoaking via 2D video illustrated the misalignment
of research findings with reality (Broadbent et al., 2015; Williams & Grant, 1S@jjects
wereoften asked what decision they would make withgivan video scenario, without having
access to all the information and stimuli they would normally access in a real setting (Mann et
al., 2007).In softball, umpires must be able to process multiple information streams
simultaneously, such as shifting péaypositions, viewpoints, inclement weather conditions,
and rules, all within second3o be able to encapsulate these dynamic information inputs
within a 2D broadcast video and mimic the decigimaking process of a softball umpire may
oversimplify the pocess. Thus, research findings using the traditional informatiocessing
model were sometimes inconclusivadujoet al., 2007; Pinder et al, 2011; Stone et al., 2018).
It is with such a concern that researchers turned to ecological dynanmusd¢cagquately
explain decisiormaking @Araujoet al., 2017).
EcologicalDynamics

Ecological dynamics is a theory of decisimaking that stems from the work of Gibson
(1966, 197%. According to this theory, decisions are rooted within the performer/individual
environment level, and proceed from actioBalaguéet al., 2008). Ecological dynamics
differs from the traditional decisiemaking theory, in that it does not separate context from
action, but instead suggests that one moves to perceive, and perceives to act (Gibson, 1979).
Ecologicaldynamics suggests that there isamtinually evolving ceregulation of individual
environment factors/constraints (known as affordances), notably individual, task, and
environment (Seifert et al.,, 2019t any moment, these factors shape each other and the

decisions, while the decisiord¢so influence these factors (Davids et al., 20A831jo et al.

(2006) noted that it “.is from this cyclica
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acting to acquire information that dec,i sions
decisions were considered unique and individualised. In softball, these can be expressed
through the different ways an umpire might <c
experience(s) with a pl ayer’  s$adghaturhpoetodtankc e (i
that an offensive player sliding into second base was unable to slide fast enough to touch the
bsebef ore the defensive player touched the pl
partially obstructed (environment).h& player would then be ruled out; however, an umpire

with no history with the same player could make a different call. Ecological dynamics did not
modularise and separate the active components in the degiaking processAraujo et al.,

2017), as thigletracted from the inherent and necessary interactivity of the components.

With regards to softball umpires, interpreting rules may require using additional
information sources to determine a call, suchrasbstruction by the defensive playsand/or
the aforementioned experience with a player, especialhen it comes to a critical split
second decision. One relevant method of designing programs to assess or trainchedsign
with these concepts is known as representative learning design.
Section2.4 Representativeearning Design

Representative learning designggest that effective learning in training or research
occurswhen the conditions of the training or research represented the setting to which the
results were directedA(aujo et al., 207). Originally developed by Brunswik (1952, 1956),
this theory of |l earning design ahviropmeatd wi t |
interactivity, and perceptieaction coupling (Pinder et al., 2011). This required the individual
to call upon thevarious information sources needed to make decisions, which often required
movement to gain the information (Davids et al., 20Thus, a softball umpire who watched
a softball game in the comfort of their home would not have been able¢gsadl the

information and perceptual cues needed to make the decision as the umpire who participated



in the game and was ablesttan around the playing area while moving into a poditi@ather

the necessarylecisioamaking information. As with ecological dynamicsepresentative
learning espoused the individuality of learning, as the variables needed to optimise learning
vary from person to personRepresentative learning design shared some of the same criticisms
against the traditional approaches as ecologigahmics, namely that researchers designed
highly simplistic and controlled experiments, often isolating variables from their natural
context (Davids et al., 2013). For a softball umpire seeking to hone their detakimg

skills, representative learrgrbecomes relevant due to its attention to matching game decision
making inputs to training desigif.one designed a method to train softball umpires that did
not account fo2 and 3umpire system rotation as well as individual umpire movemémt
exampe, the ability for the umpire foroducea gameike decisionwithin the training method
would be impacted. Similarlgreating a pure digital softball game environnmemd using this
environment tamprove softball umpire decisiemakingmay yield vastly dissimilar decisien

making processes and results.

Representative learning design presents itself as a systematic method to improving
decisionmaking in softball umpires but could also benefit frimrorporating the concepts of
ecological validity. Ecological validity, as defined by Brunswik (1956) referred to the
correlation/empirical relation between a cue and its criterion and was represented in numerical
form. One may, for example, judge the aracy of a softball call (criterion) by the speed of a
runner (cue) crossing a plate. This cue would be one of many needed in order to make the call,
and each would have its own ecological validity valmedesigning training or research to
assess decigiemaking, the strength ofuch cues must be estimated, as well as their
relationship with each other understpwdorder to allowan individualthe chance to act upon
the relevant informatioandmake a decision that carries/transfers into the desiréorpe&mnce

context Aradjoet al., 2019).
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Studies on decisiemaking training have suggested that lowkitl level sports
officials seem to view 360 °VR video decisiaraking as more gardike than experienced
umpires (Kittel et al., 2018). Perhaps loweskilled umpires require more information inputs
and connections between experiment andlfeatonditions to produce sourtécisions and
can become better decistamakers by training with such inputs and connectidhg. concept
of action fidelity may telp in building the connections between training and learning.

Action Fidelity

Action fidelity was a concept developed to explain the link between performance in a
simulator and performance in a simulated system, and was measured by task performance
(Stoffregen, 2003 It was achieved when behaviours in the experiment setting transferred to
behaviours in the intended environment, although it has been noted that the stimuli in both
environments did not have to correlate exadia(ljoet al., 2019)For example, aetail flight
simulator system need not produce the same graphical realism or even host the same features
as a much priciecommercial flight simulatgras long as the desired results are the same (for
example, learning lovaltitude flight). To asoftball umpire certain information such as field
colour, wind conditions, and player uniforms may not be pertinent for decrsading.

Instead, factors such as the optimum viewing distance, player kinetics, and ball kinetics are
considered crucial fosoftball umpire decisiomaking. For those looking into training
decisionmaking in softball umpires, it is crucial that these decisimaking factors are
implemented in a study design to ensure a bridge between research and practice/performance
benefits. While ecological validity ensures a connection between an information cue and
criterion, action fidelity arguably ensures a connection between cue/criterion and a desired task
outcome. Failure to do so could risk an inaccurate diagnosis of the factdvgdwotraining

the desired outcome/decision, thus weakening the end desired performance result (Pinder et al.,

2012, Pinder et al., 2005 One technology which might be able to bridge the concepts of



representative learning, action fidelity, and ecatagvalidity into trainable decisiemaking
in softball umpires is Virtual Reality. This is due to its high degree of adjustable individual,

environment, and task variables.

Section 2 Virtual Reality for Sports and Decisigviaking

Virtual reality (a smulated experience of the real world through various technological
meanshas gained traction over the past decade as a technology to train athletes in a range of
domains (Neumann et al., 2018). Within numerous sports, VR movements were found to elicit
similar responses to reatorld responses (Bideau et al.,, 2004). VR can also manipulate
variables to affect performance, both within the VR realm and the real world (Godse et al.,
2019). In handball, VR has beenused to train goalkeeper responses, demonstrating a
connection between VR's visual up fVaghkaisetabi | it
al., 2009).Preliminary research suggested thi& promoted longeterm learning retention
and realgame skilltransfer in baseball and basketball skills compared to alternative methods
(Gray, 2017; Page et al., 2019) has also been utilised to promote desired training behaviour
in rowing strategy adaptations (Hoffman et al., 2014).American Football, VRuses
demonstrated improvements in decision making in recognising and adapting to opponent
formations (Huang et al., 2015), while in Rudbigion VR use was correlated with improved
decisionmaking in recognising opponent gaps (Watson et al., 20Ahhther borm of VR,
360 VR, has presented itself as a promising candidate for sports official deeiaking
training. Rather than using computgnerated and/or fully interactive virtual environments,
360 VR uses 360video footage from cameras, and this fgataan then be uploaded into an
HMD (Head Mounted Display)ssentially, the user sees whatever the camera filkigel
et al! $201%) research suggested that 360°VR could be used to differentiate skill level
between novice and expert level AustraliRules Football refereesVR technology was used

to assesthe preferred tactical formatianof football goalkeepensithin a free kick situation
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(Brault et al., 2015)With its increasing use in the sports domfintraining athletesrecent
researclalso supportausing VR to also train decisiemaking in sports officials.

Studies have suggested that representative learning, ecological dynamics, and the
concepts of immersion and presence are all principles that can be incorporated into VR to train
decisbn-making (Duking et al., 2018; Stone et al., 2018). With regards to representative
learning, VR displays advantages over traditional 2D video through its perspective
presentation. Rather than seeing the game through an allocefitperéon) view, softall
umpires in VR experience the game through an egocentfipglson, as their perspective
would naturally be iragame) view As per the principles of representative learning, this first
person perspective would allow an umpire to move their viewdaiacinformation as they
would in a game, which may facilitate a more gdike processing of the myriad factors
needed for decisiemaking (Craig, 2013). By effectively deploying the identified relevant
variables necessary for softball umpire decisiwaking (e.g, ball, plate, and player locations)
in a seamless and-@ateracting method, the action fidelity of a VR training program is greatly
augmented, which might result in trainable and desired deaisaking outcomesA VR
system can alsoroduce higher ecological validity values because of its programmable cue and
criterion factors which may result in more effective decisioraking training outcomes for

softball umpires.

Presence, or the sense of being in an environment or place, egrrond knows that
they are not truly there, is a technology that VR is ideally suited to facilitate (Heeter, 1992;
Slater, 2009).0Owing to its ability to generate a simulated world through high resolution
graphicsor actual video footaggnd ability to oclude their view to within a specific setting,
VR couldcome closer tdnelping a VR usebeliewe they are in the middle of a professional
team’s st adi-time. Ida studynby Guea etal. (2019) which used a virtual

football stadium with virtuafans, participants rated the experience of being in the virtual



stadium as more realistic than watching the stadimra 2D monitor A benefit toVR, as
opposed to watching broadcast video, would be a higher likelihood of being able to access and
utilise many of the relevantuesumpires use for decisiemaking when they are igame,
because to some extent they would‘imegameé. This, in turn, woulddeveloptraining by

customising these factors for the umpire, perhaps depending on their skill level.

The immersion property of a VR system refers to technical features of the system and
t he system’s ability t o use S e Bensonmotaro t o r
Contingencies are essentially how an individual goes about acquiring informgton.
example, in softball, an umpire may have to run in a certain direction in order to see and then
judge a play. A VR system usingHead Mounted DisplayHMD) allows the umpire to turn
their head and look in the same direction of a play, at perhaps the sgi®eas if they were
in a real gameAs explained by ecological dynamics theay,argument could be made that
both presence and immersion align to help establish and maintain a continual perception
action/decision loop, thus establishing firm groundwbrbr VR’ s abi | i-ty t

making in softball umpires.

Another related VR concept, embodiment, further adds to the deansikimg training
potential of VR Tangential to the concept of preseraabodiment refers to the representation
of o boay’ irs the brain and incorporates vision, proprioception, touch, interoception,
vestibular senses, and motor control (Kittel et al., 20R@search by Bohil et a(2011)
positively correlated embodiment with a higher potential for change and {@sgeg
behavioural change€ompared to scredmased technology, HMD units (such as VR HMDSs)
are more likely to produce greater embodiment values. Adding to the val&e tndings by
Riva et al. (2019) suggested that VR enhanced embodiment, which was largely due to the
stereoscopic/binocular vision of VR recruiting more visual doeslecisionmaking (Craig,
2013; Howard, 2012). For softball umpires, training with’ V&reater ability to furnish the
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environment necessary for presence and embodimentyrelty more effective decision

making training benefits compared to traditional 2D broadcast video

Section 26 Virtual Reality Sickness

DespiteV R ’pestential for training decisiemaking in sports officialsyirtual Reality
Sicknesspr VR Sicknesshas arisen as a hindrance to such potential fulfilmentSigkhess
symptoms include nausea, discomfort, disorientation, dizziness, and blurred vesieda{&s
et al., 2020; Somrak et al., 2019). Research into the prevalence of VR Sickness indicated that
between 20% and 80% of users experienced some symptoms as a result of VR use (Gallager
& Ferre, 2018). While its exact cause is currently unknown, \@Rrigiss was correlated with
content, field of view, software, duration of VR exposure, and hardware factors (Davis et al.,
2014; Gallager & Ferre, 2018; Hoffman et al., 2008; Howarth & Hodder, 2008). The Sensory
Conflict Theory, developed to explain motisitkness but adapted to explain VR sickness,
postulaté that the aforementioned symptoms @se due to a conflict between vestibular,
visual, and proprioceptive signals (Kolasinski, 1998; Oman, 1990, Saredakis et al., 2020;
Somrak et al., 2019). Essentigl one’ s vi sual i nformation anc
aligned, whether it is from not enough visual information, or not enough sensory and vestibular
information (Jung & Whangbo, 2017). Although originally developed for assessing flight
simulator &kness levels postimulator, the Simulator Sickness Questionnaire (SSQ) has
gained prominence as an assessment todYRoickness(Gersak et al., 2020; Saredakis et
al., 2020;), with higher SSQ score numbers indicating greater levels SickRess. Reearch
by McQuarrieandSteed (2017) suggested that 360°VR produces greater levels of VR sickness
than 2D televisionThus, any research attempting to utilise 360°VR technology should be
informed about the potential impacts of Virtual Reality Sicknesiés asverity can impact the
experience and feedback of participamsorder for360° VR to be used on a large scale by

softbaldl umpires, VR Si ¢ k n,asdgnitigatece poksibly bys mu s



adjusting the field of view or minimising e@&nheous motion in the VR videos (Lim et al., 2020;

Kim et al., 2019).

Conclusion

To conclude, current sports official training methods and decmsi@king theories
strongly suggest there is room for improvement. While not intended as a substitutesiondeci
making training learned from officiating real games, 38&® may offer a very promising
training complementlhis is primarily due to its potential to tap into the concepts of ecological
dynamics, representative learning, action fidelity, presenceearbodiment to a potentially
further extent than traditional 2D broadcast viddagthermore, 360VR technology could
diminish the use of broadcast video analysis and/or restrict it to certain conditions. Through
analysis of broadcasted softball game videos and 360° VR videos, this research aims to add
relevant data and insights into the discussion ontspfficial decisioamaking training using

various training technology modalities
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Chapter 3: Methods

This research is situated within a pessitivist paradigm acknowledging that
knowledge is socially constructed (Ryan, 2006). The charaaterigtpostpositivism are in a
sense pragmatic, bringing together theory and practice, and acknowledging there are many
research methods that can be utilised to collect and analyse data (Henderson, 2011). This
mixed methods study adopts a pragmatic agpghrpadopting the methods most suited to answer

the research questions.

This pragmatic mixednethods study consisted of four progressive stages. Stage 1
consisted of softball video clip collection in 2D Broadcast and $6feo formats. Stage 2
consistedf an expert panel formation to view and assess various video clips for study selection
and inclusion. Stage 3 required study participants to view and make a decision on softball video
clips shown in 2D Broadcast and 360R formats. Collectively, data fro stages 43 served
as the guantitative component of the study. A 2x2 epess quantitative analysis measured
the performance indicator of umpire decisioaking accuracy 10) under two different

conditions (2D Broadcast video and 360° VR) at diffetanpire levels (7).

In line with a pragmatic approach, the quantitative component was supplemented by a
gualitative descriptive component to the study (stage 4) and incorporategtaahired
interviews. The aim of a qualitative descriptive approigcto provide a description of the
phenomenon under study, staying close to the data and offering a suonimaeypretatiorof
the findings using the everyday language of the participants (Sandelowski, 2000). Interview
data were analysed using an indwetthematic analysis designed to understand user
perspectives on the use of 360° VR's applicezé

umpires. Stage 4 data served as the qualitative component of the study.



As described above, the study was orggah into four stages. Because of the process
in which the research questions were approached (with each stage leading to the next stage,
and analysis of research question8 @ccurring only after stage 3), the ethics approval, study
design, participantgnd data collection in research question3 Will be discussed separately
from research question 4. It should be noted that the stages did not necessarily coincide with
the research question (i.e., research question 1 was not directly tied to stdye study) An

overview of the stages is provided below.

Stage oneThis involved the collection of video footage from the games at a 2020 SNZ softball
tournament (n=10), as well as SNZ softball games obtained from a public Facebook video site
(n=6). The 20 SNZ tournament was recorded for the 360° VR condition, while SNZ softball
games were obtained for the 2D broadcast video. The game videos were then clipped to show

only second base safe/out decisioaking plays (n=30).

Stage two:An expert panel (n93valuated the 30 clips to agree on consensus on the decision

making in each, and to determine if they were appropriate for stage three umpire training.

Stage hree: Softball umpire decisiomaking for both conditions (2D broadcast and 360° VR)
were evalated for both accuracy and perceived ecological validity of each condition. Each
umpire (n=17) viewed both conditions with a washout period in bet¢aetrthnique used to
ensure that the effects afi@researchreatmentlo not carryover into the next &tnent) The
crossover design was chosen to maximise gtaisticalpower of the study given the limited

pool of potential participants.

Stage four. Three umpires were interviewed using a ssetnictured interview format to gather
interviewee perspectives on their 2D Broadcast and 360° VR vidaing. Seven questions
were asked that were designed to gain deeper insights into their own experfdhces.

interviews were conducted remotely over Zoom video. Guided by a qualitative descriptive
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approach (Sandelowski, 2000) the interviewee responses were then analysed following the

inductive thematic analysis framework proposed by Braun and Clarke (2006).

Background

An explanation of softball officiating basics is provided to give context to the research
methods Softball umpires are required to make the decision whether a runner is safe or out.
The decision is based on the interaction of four elemengpexsfied by th&SNZ Level One

Workbook (2019a):

1. The ball
2. The defensive player
3. The offensive player

4. The base or the area of play

For example, the runner (offensive player)

1. When the base playédefensive player) receives the ball in their glove and
touches the base bag before the runner,
2. The base player receives the ball and touches the runner before the runner

touches the base hag



Figure 1

Softball Play Sample (from WBSC Softball Figledchanics Manual: 3 & 4 Umpire System)

i
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Runner on 1 base Ul= Umpire 1,U2= Umpire 3,U3= Umpire 3, P= Plate Umpiré&Vhite figureis offensive player
approaching base from base 1Line with circular end = ball pattArrows from umpires equalksuggested movement of
umpires based on ball path

Cultural Consideratioh

Cultural considerations were discussed in a conversation with a head Softball NZ
umpire official of Maori descent to ensure t
The study design was deemed to be appropriate by the official. No objections were offered by
the official, who felt that the study was respectful toTieeTiritio Waitangi s t hr ee gui

principles of partnership, participation, and protection.

Video Equipment for Second Base Decisibtaking

The 360 VR video footagevas filmed with a Samsung Gear 360 2017 model (Figure
2a). This recorded video in 4K at a resolution of 4096x2048 (24 fps). The battery lifespan was
consistent at 100 minutes. The Gear 8&fhera was attached via either the VGSION hat and
mounting kit, or the VGSION head mounting strap kit (see Figures 2b and 2c), as chosen by

the umpire.
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Video Editing

Consolidation of the broadcast video and conversion of the 360° VR video was
completed using Samsung Action Director 2.0. Samsung Action Director 2.0 was also used to
edit the duration of each broadcast and 360° VR video length and isolate the footage relevant

to second base decisiomaking.

Figure 2

Filming Equipment

B -
- .
a) b) c)
Samsung Geal VGSION hat VGSION
360 Camera kit head . _
mounting kit

https://www.amazon.com/VG
SION-Skiing-Bundle Garmin
Samsung/dp/B07VBRMHKR

Copyright by Amazon.com

Research questionsa
Ethics approval
Ethical approval for theresearch was obtained from Auckland University of
Technology Ethics Committee (ajgation reference number 19/449) on Decenil®¥; 2019
for filming participants in 360for research question With regards to research questions 2

and 3, Auckland University of Technology gave approval on J&jlg@2Q for the expert panel



selection and t as ks ,-mdkiagsatcuracy forahr video candlitians,t s

andrecording EV values (AppendicesK)).

Studydesign
Research questions3lused a 2x2 crossver component (see Figuteto answer tree

research questions:

(1) Does watching 2D Broadcast or 360 °VR video produce higher decision
making accuracy?
(2) Does watching 2D Broadcast or 360° VR video produce higher ecological validity

for game decisiomaking?

(3) Does 360° VR decisiemaking accuacy differ by experience level?
The research hypothesis for each of the afoe@tioned questions was:
(1) Decisiommaking accuracy will be higher for the 360° VR videos than the
2D Broadcast videos.
(2) EV values will be higher for th&60° VR videos.
(3) 360° VR decisiommaking accuracy will be higher for the advanced umpires than
the novice umpires.

Participants
Participants for the quantitative component of the research were seventeen Softball NZ
affiliated umpires drawn from a range of levels, as well as three expert SNZ umpires. Softball

NZ umpires are organised by levels from 1 to 7 (Table 1).
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Table 1

Softball NZ Umpire Levels and Jurisdiction

Level | Title Jurisdiction (highest game level allowed to officiate)
1 Rookie Umpire County

2 Developing Umpire County

3 Emerging Umpire National

4 Badge Umpire National

5 Senior Badgé&Jmpire National

6 Senior NZ Umpire National

7 Certified WBSC Umpire | International

WBSC = World Baseball Softball Confederation

A higherlevel umpire designation permits that umpire to officiate a broader scope of
games. For example, a Level 1 umpire is qualified to officiate a regional NZ game, whilst a
Level 7 umpire is qualified to officiate a regional NZ game or an internatgame. Of the
seventeen umpires who agreed to participate, two were Level 1, two were Level 2, one was
Level 3, one was Level 4, three were Level 5, six were Level 6, and two were Level 7 (see

Table 2).



Table 2

Participant Demographics

Participaat Age Gender SNZ Level SNZ Experience Years Condition Order

1 45 F 2 5 BA
2 53 M 6 12 BA
3 18 F 1 AB
4 34 M 4 BA
5 46 M 2 AB
6 30 M 7 12 AB
7 59 M 5 6 BA
8 37 M 6 11 BA
9 66 M 6 15 AB
10 18 M 1 1 AB
11 63 M 6 15 BA
12 37 F 5 11 AB
13 56 F 6 21 BA
14 26 M 6 11 AB
15 49 F 5 BA
16 69 F 3 AB
17 57 F 7 37 BA
Mean 44.8 4.6 10.8

SNZ = Softball New Zealand

Potential participants were identified at a meeting with the North Harbour Softball
Association President. Thresearcher met these umpires in person, explained the aims of the
research and invited them to participate. The project information sheet was distributed to the
umpires. Research purpose, risks to participants, and participant expectations were explained
in detail on the information sheefsppendices AF). Interested umpires were given a consent
sheet to sign and return to the researcher (Appendie€s Barticipants were given the
opportunity to opt out of the research at any point during the datatamile&fter consultation
with a SNZ umpire expert, umpires were grouped into novice (Levely And advanced
(Levels 5-7). Only secordbase umpires were selected due to the higher number of safe/out

plays occurring at second baas per the aforsmentcn e d S NZ umpire expert
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Data Collection
Stage Or1 Video Collection

Previous to this study, there were no extant databases of softball games filmed in 360°.
Therefore, the footage for this study was collected at the annual VicS@fiball Tournament
in New Zealand, during a-day period from January 24 to January 27, 20E0otage was
recorded from 10 games across four tournament days with eight different unmpiees.
procedure involved filming with the headounted Samsung Gead@Bcamera (see figures 2a,
2b, and 2c) with a choice of two mounting options: either a provided baseball style cap with a
pre-installed camera mounting attachment, or a head strap camera mounting kit that could be
adjusted over 't he diemgdimouatingchoicevwas at the discratibneof p r

each umpire.

Regardless of the mounting option chosen, the video collection protocol was the same.
Each umpire wore the camera during-pggeed games, for the duration of the game. The
tournament rules ated that each game duration must be 7 innings or 90 minutes (whichever
occurred first). Five minutes prior to each game, the researcher ensured that the video camera
was mounted, activated, and operating correctly. After each game finished the caraeya batt
was recharged, to ensure complete recording of the next game. There were-tmhaatk
games filmed. It took approximately 60 minutes to charge the camera battery between games.
On completion of the video footage collection, the researcher conarti second base
safe/out decisiomaking plays into the 360° VR format. Each play (clip) was 3 to 5 seconds

long. Fifteen clips were collected and converted in the 360° VR format.

To enable collection of the 2D Broadcast video footage from previdmebdcasted
games, the researcher downloaded video footage from the North Harbour Softball NZ
Facebook page. Fifteen clips of 3 to 5 seconds duration were collected, using the Video

Downloader for Facebook app, focusing on second base plays only. Cig$rara softball



games within a fivegyear period (2012020), in traditional 2D video format, and not from any
of the games filmed for the 360° VR condition. This 2D video condition is the current video

method used by softball umpires for decisinaking taining.

Stage Twa Expert Panel

The 30 clips (15 360VR and 15 2D Broadcast) were then evaluated by an expert panel
to determine a consensus for each decision and to agree if they were appropriate for stage 3 of
the studyAfter consultation with a North Harbour Softball Umpire Association officer (a SNZ
Level 7 umpirg, threeexpert panel member umpires were chosen due to their considerable

experience and backgrounds in SNZ umpiring.

This expert panel was composed of one Levah® two Level 7 Softball NZ umpires
from across New Zealand (see TaBJeThe Level 6 umpire officiated in Christchurch, while
one of the Level 7 umpiresfficiated in Auckland,andthe other Level 7 umpirefficiated in
Wellington. These expertsvere responsible for choosing and classifying the clips before they
could be used in the study. The 15 360° VR clips were shown to this panel in umpire room
sites in Auckland, Christchurch, and Wellington. Panel members were not together at any point
of the resel@h and watched the clips independent from each other. Panel members viewed the
clips through an Oculus Quest VR HMD unit. Due to the potential for losing their balance
through VR sickness, expert panel members had the option of watching the 15 rec6fded 36
VR videos while seated. After watching each clip, panel members informed the researcher of
their expert umpire decision and rated the clip on an ascending scal®ahterms of training
usefulnesg1 being the least useful for training umpires, d0dbeing the most useful for
training umpires)One week after the 360° VR clip viewing, members were emailed a link to
a Google Drive folder with 15 2D Broadcast clips, as well as an accompanying spreadsheet to
record their response. Similar to the 38R clips, panel members were asked to make a
decision for each play and then rate the clip for training usefulness on a sc&l®.& $core
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of 1 indicated little to ngerceiveddecisionmaking training usefulness, while a score of 10
indicated extremgl high perceiveddecisioamaking training usefulnes¥he members then
emailed the researcher their responses. From these original 30 clips, the researcher chose ten
unanimous decision broadcast video c(fpsafe and 5 outand ten unanimous decision036

VR clips(5 safe and 5 out callsyheagreed consensus of the expert panel final decisions were
deemed as the correct decision for each clip. If study participant decisions did not agree with

these expert panel decisions, then participant decisioresseered as incorrect.

Table 3

Expert Panel Demographics

Expert Age Gender SNZ Level SNZ Experience Years
1 61 M 7 15

2 62 M 6 26

3 52 M 7 21

Mean 58.3 6.6 20.7

Stage Threé Umpire Participants

Seventeen umpires, six novice (Leve#tland eleven advanced (Level” umpires,
were randomly divided into two groups sized eight and nine (Group 1 and Group 2,
respectively). Each umpire then completed a demographic questionnaire (age, gender, years as
an umpire, games umpired, current Softball NZ level, possible time as softball player;

Appendix M).

The researcher met with the participants at a regional umpire office to explain the
procedures and demonstrate the protocol. This meeting enabledppatscto familiarise
themselves with the VR hardware and software, as well as the broadcast clips. The participants
accessed the broadcast clips through the res

through the Oculus Quest HMD ungiefe Figure B To ensure umpire competence with 360°



VR technology, all participants undertook a familiarisation session consisting of instructions
on usage by the researcher and were asked to adjudicate firecpréed 360° VR softball
safe/out clips (these were tnolips selected by the expert panel for the research study).
Participants were given as much time as they required until they acknowledged they were ready

to proceed.

Figure 3

Oculus Quest HMD unit and controllers

Each group was required to view botideo conditions, i.e., 2D Broadcast and 360°
VR (ten clips for each condition, in a randomised order within each condition) to assess and
make a decision as to whether the runner in the clip was safe or out. Group 1 initially watched
the 2D Broadcast clipsvhile Group 2 initially watched the 360° VR clips. Group members
then switched vide®@iewing conditions (Figure 3) after a thistginute washout period. While
this washout period may seem shoctossover study designs are largely used in
pharmacologidaresearch where the washout duratisrbased on drugpalf-life (Jones &
Kenward, 2014)In thisstudy,no decisioamaking carryover effects were expected given the

nature of each condition, therefore, the washtime was deemeappropriate.

When watching the 360° VR condition clips, chairs were offered to VR participants for

comfort and alleviation of any potential \@&ckness symptoms (i.e., loss of balance). The VR
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condition participants selected plays from an Oculus HMD aysptreen menu (randomised
order for each participant). After each 360° VR clip the participant paused the video and
communicated their play decision to the researcher, who then recorded it. Participants viewing
the broadcast videos communicated theiry piecision to the researcher. Accuracy was
assessed postst visavis the decisions of the expert pamebkcore of 0 indicated zero correct

responses, while a score of 10 indicated ten correct answers.

To assess ecological validity, each umpire wasigeal a printed visual analogue scale
guestionnaire after the conclusion of their final video viewsege Appendix A).Participants
marked how close their decistomaking process in each of the two video conditions felt
compared to their regular-gamedecisionmaking process. By marking a 10 soale (10
being very gamdike, and 0 being not at all gantike), the ecological validity of the video
modes could be determined (Catteeuw et al., 2010; Kittel et al., 20fl@Iparticipant marked

the 5.5 crmark, their rating was considered 5.5.

Figure 4

The crossover design

4 A 4 )

Group 1 Group1

(Broadcast) Washout Period (360° VR)
(30 minutes)

Group 2 Group 2

SR (Broadcast
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Data Analysis
Quantitative analysis

The quantitative data were analysed using JASP version 0.13. For all analyses, an alpha
value of 0.05 was used for statistical significance. The anghaisfor research question 1
(decision making accuracy) and research question 2 (ecological validity) followed the
recommendations for the analysis and reporting of 2x2 -eressstrials (Wellek and Blettner,
2012). Firstly, a ManiWhitney U Test was usdd check for any differences between the two
treatment orders (VRD and 2DBVR). A significant difference would suggest a carryover
effect (Jones & Kenward, 2014). Upon confirming no carryover effects, participant decision
making accuracy (L0 score) anecological validity (810 score) were compared between
the VR and 2D Broadcast conditions using a M@imtney U Test (separately). This test was
chosen over &test as the data were not normally distributed, as indicated IS$htparo Wilk
test This test determined if the mean rank values were significantly different between the
conditions (Jones & Kenward, 2014). Tdffect size (r)was calculated from the standard score

(r=2 |7|L’T) and interpretedising Coheh sriteria of 0.5for a large effect, 0.3 for a medium

effect, and 0.1 for a small effect (Cohen, 1998). Lastljw@way ANOVA was used to

examine how experience level (amateur or advanced), video condition (VR or 2D), and the
experience*condition interaction, were related to denisi@aking accuracy (research question

3). The partial etsquared statistia)( p) wasused as a measure of effect size for each of the
main effects, and the interaction. When fit:H
assumption was checked, adpwith visual inspection of the standardized residuals (to confirm

residual normality).
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Research question 4
Ethics approval
Auckland University of Technology gave approval for genistructured interview

and research questioros Decembet 5th, 2020(Appendix L).

Study design
The qualitative component of the study involved setmictured interviews designed
to gain insight into participants’ perspect

technology. This component was specifically desigoemhswer research question 4:

(4) What are the perspectives of participants on the use of 360° VR video to enhance

decisionmaking?

When the researcher emailed results to each participantiaysafter the test, the
researcher inquired about the possibility of participating in an interview regarding their
experience and thoughts on the two video conditions.-Sengtured interview questions were
developed from the study research questions tmpt® a wide scope of responses. These
guestions were focused on user preferences, advantages and/or disadvantages of each video

condition, technological practicality, limitations, and experience leesd Appendix N).

Participants

The interview partipants were drawn from the same original pool of participants.
After quantitative results were shared with the participants, they were asked if they wished to
complete an interview with the researcher. Expert panel members were also asked if they
wished tocomplete an interview with the researcher. Due to time, research scope restrictions,
and the impact of Covid9, not all willing participants could be interviewed. Instead, three

participants were chosen on a ficetme firstserved basis. Specifically, enlowerlevel



umpire (Level 3), one advancéelel umpire (Level 7), and one expert panel member umpire

(Level 7) were chosen to act as interviewees.

Data collection

Semitstructured interviews were conducted over Zoom (live video link) and recorded
for transcription. Interview durations (minutes) were as follows: participant &r9,1
participant two 18:22, participant three 35:20. All interviews were transcribed using the Otter
A.l. software program. The Zoom format allowed flexibility and ease of speates
conversation, as well as created an opportunity for deeper and more individual responses from

participants (Mojtahed, Nunes, Matrtins, & Peng, 2014; Smith, 2017).

Data analysis
Thematicanalysis

As noted by Terry et al. (2017), thematic analysis has become a widely used and
respected toofor qualitative analysis. Although its nuances and an exact definition are still
developing, the seminal work of Braun and Clarke (2006) attempted to defimatihanalysis
as a method/tool for * ..identifying, analysin
79). Thematic analysis is a structured process which, through the generation of codes or
patterns of ideas, leads to the identification of laegel more encompassing themes (Braun &
Clarke, 2006). Braun and Clarke (2006) proposed six steps to effectively utilise thematic
analysis: 1) familiarising yourself with your data; 2) generating initial codes; 3) searching for
themes; 4) reviewing themes);, defining and renaming themes; 6) producing the report. In this
study, the researcher conducted an inducti ve

six-step approach, as detailed below:

Step one Initially the researcher familiarised themselvathwhe data. Each serstructured

interview was recorded using the Zoom meeting software app. Throughout each interview, the
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researcher took notes and recorded his thoughts about various aridveensterviews were

then transcribed using the Otter A.bftsvare program. The researcher then listened to each
interview several times. While Otter A.l. was effective at transcribing the interview, it was not
without errors. Repeated listening of each interview ensured that any errors in transcription
were correted and encouraged active and deep engagement with the information and
interviewees (Terry et al., 2017T.he corrected transcription was then converted to Microsoft
Word. As an additional step aimed at ensuring accuracy, the researcher consulte@ with th
interviewees on the transcription and obtained interviewee consent/member checking on the

final transcription (Matthews & Kostelis, 2020).

Step twa Using the guiding research questions, the researcher then inductively analysed the
transcripts, generatninitial codes and inputting the codes into a Microsoft Excel spreadsheet.
Braun and Clarke (2006) suggest there are two primary approaches when generating codes;
inductive approach or deductive approach. For the inductive approach the researcher takes a
bottomup view of the data, letting the data speak for itself and not being driven by a
“.preconceived coding frame”. However, it
epistemological underpinnings may influence the data coding (Terry et al., 2017). The
deductive approach takes a tdpwn view of data coding, attempting to engage in data

coding/theory generating/data generation based on an existing theory or analytical model

(Braun et al., 2015).

The inductive approach was used in this study to gaininsig i nt o parti ci pants

the 2D Broadcast and 360° VR experiences.

Step three The researcher searched for themes by examining the codes, and assembled codes
into larger, more meaningful, and dominant patterns (Braun & Clarke, 2006; Takn2€7).

These patterns were then identified/named as themes. Relationships amongst codes were



assigned meanings to assist in this process. Where necessary, when several large patterns were
identified, these larger patterns were divided into smallethemes. Each theme and subtheme

incorporated various codes to support its respective ideas (Braun & Clarke, 2006).

Step four: Several candidate themes were identified and needed to be further reaimived
refined(Guest et al., 2012; Terry et al., 201Where possible, some of the candidate themes
were broken down into smaller themes, or a theme was removed when its component codes
were not sufficiently strong. Braun and Clarke (2006) suggested two levels/stages of
refinement were needed to ensure boitedevel and themdevel consistency. Essentially, the

codes needed to support a theme, and the themes needed to be sufficiently distinct from each

other to justify their creation and avoid data blurring with other themes (Terry et al., 2017).

Step five The researcher defined and named themes with an independent researcher acting as
a “critiCrdtletalf, 20R1gTiheiatic inaps were created to identify the essence of
each theme and determine which component of the data each theme capture& Beake,

2006). By using and elaborating upon the thematic maps, the researcher was able to define

various themes both individually, and how they related to each other (Terry et al., 2017).

Step six Once the themes were identified, the researcher toudea final refinement and data
analysisin order to produce a repofthis final step connected the themes and supporting data
with the original research questions and ensured the data told a story pertinent to the
resear cher’ s an ad0§).dtwas alfo Bnpatannto sfay t@i¢ ta thekqualitétive
descriptive approach and to ensure the outcomes represented the findings while staying close

to the participants’ words (Sandel owski , 200

bring meaning and exposition to the original research questions.
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Summary

Due to the complexity of decisiemaking, and the limited existing research on the
subject of sports official decisiemaking, the mixed methods approach was chosen in an
attempt to gathems much data as possibl€hrough combining both qualitative and
guantitative approaches, the researgtrioritised adding a human elementtte dataBy
doing so, the research&pughtto use the results toform their ownresearclas well as future

research on the subjaut36° VR andsportsofficial training.



Chapter 4: Results

Research results are presented in four sections. Each section addresses one of the four
research questions and provides supporting insights into umpire experiences using the 360 °
VR and 2DBroadcast videos. The study usgaragmationixed methods approacResearch
guestions 43 are addressed through a quantitative analysis, and research gdiéstionoth

guantitative and qualitative (thematic analysis) findings.

In the thematic analysis, the interviews were inductively coded resulting in threestheme
and eight subthemes. The themes were categorised as: 360° VR dewkiaog advantages,
360° VR decisiormaking disadvantages, and current softball umpire training situation. These

themes and subthemes are outlined in Tdble

Table 4

Themes and Subthemes

Theme

360° VR advantages 360° VR disadvantages | Current Training Conditions
Subtheme| Perspective Experience requirementy Information access variability

Engagement Privacy Teaching & Learning

Information

Technological Suitabilit

QuantitativeAnalysis
Carryover Effects
Prior to the quantitative analysis, a Mawfitney U test was performed to determine
if the viewing order in the crossver design produced any carryover effects that may influence

decision making accuracy (i.e., number of correct calls) and the ecolgjidétly (EV) scores.
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Table 5

Test for carryover effect from treatment order (n = 17)

Outcome variable w p r
EV 1435 1.000 -0.0@
Correct Calls 1625 0523 0.113

Note. Effect size is given hy=¢ i
Note.W = MannWhitney Uteststatistic

Table5 shows that there were no significant differences between the treatment ord&d (VR
or 2D-VR) for EV (p = 1.000) or the number of correct calls (p = 0.5ZBgr effect size
shows the level of association between each outcome vaaiadblieeatment order were small.

Thus, no significant carryover effects from treatment order were present.

Research questiaonei Doeswatching2D Broadcast video or 360° VR video produce higher
decisionmaking accuracy?

The meart SDfor thenumber of correct calfor 360° VR (out of a maximum of 10)
was 80 + 0.9, while themeanfor 2D Broadcast was 8.5 1.5 The data for each treatment
group, along with the distribution and median, are shown in Figuélann-Whitney U Test
indicated thathere was no significant differenae decision makingiccuracy between 360

VR and 2D Broadcast video uséW = 178.0, p = 0.242,= 0.204).



Figure 5

Violin plot showing theumber of correct calls for each condition

Treatment 20 (@] R

ns

101

Correct Calls
o

2D VR

Note: The densitgurves illustrate the distribution, while the large point represents the median score.
The 2D and VR conditions compared with a Mafthitney U test
Research question tvioDoeswatching2D Broadcast video or 360° VR videooduce higher
ecological validiy for game decisiomaking?

The meart SD ecological validity scorél low — 10 high) was7.1 = 2.0 for360° VR,
while themeanfor 2D Broadcast wad.4 + 1.9 The data for each treatment group, along with
the distribution and median, are shown in Figawrd MannWhitney U Test indicated that
there wasa significant differencein ecological validity scordetween 360 VR and 2D
Broadcast video use(8V = 32.5, p = <0.001, =-0.626), with a mediursized effect (Cohen,

1988).
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Figure 6

Violin plot showing EV scores for each condition

Treatment 2D @ VR

101

Ecological Validity

. >

2D VR

Note: The density curves illustrate the distribution, while the large point represents the median score.
The 2D and VR conditions compared with a Mahitney U test.

Research question thréddoes 360° VR decisiemaking accuracy differ by experience level?

The mean * SD for the number of correct calls for novice umpires usimBydddcast
videos was 8.5+ 1.4, and 8.0 £ 1.0 for the 360° VR condition. For advanced umpires, the means
for 2D Broadcast and 360° VR wef5 = 1.7 and 8.0 £ 0.8, respectivelNo significant
differences were found between experience level and accuracy using either video condition.
The results of théwo-way ANOVA test compamng the two treatment groups, and the

interaction between treatmegroupand experience level, are preseritediable®.



Table 6

Twoway ANOVA results for umpire experience level and decisiaking ability

Source df MS F p dp

Video Condition 1 2.122 1.27r7 0.269 0.041

Experience Level 1 0.004 0.002 0.961 <0.001

\L/:a%ee? Condition T Experiency 4 o4 0.002 0961 <0.001

Error 30 1.674

Note MS = me an ?sRpuia etaegaared effpct size; Model fit using type Il Sum of Squares.

The estimated means and 95% confidence intervals for each video condition and experience
level are presented in Figure The analysis indicated no statistically significant difference in
decision making accuracy between novice and advanced unfpre® (02, p = 0.9617 p <

0.00) and this did not vary by video condition (p = 0.961).

Figure 7

Decisionmaking accuracy by experience level and video condition

Group -® Advanced -# Novice

101

Correct Calls (Mean % 95% CI)

2D VR
Note: Values represent estimated means and 95% confidence intervals
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Qualitative Analysis
Research questiontdiri What are the perspectives of participants on the use 6\8BW¥ideo
to enhance decisiemaking?
Theme 1: 360° VR Advantages

In order for any new training tool to benedit umpire it must offer advantages over
the current training tools. Interviewees all felt that this was the case with 360° VR, bat with
number ofvarying reasons. Analysis identified five key areas {thdalmes) related to the
advantages of VR; these were perspe¢ engagement, information, enjoyment, and

technological suitability and impact.

Perspective

A common theme from all three interviewees was the importance of perspective in
softball umpire decisioimaking.Because thbroadcast videperspective wasat from an in
gameview, intervieweel felt a disconnect between himself and the ptagwever, with the
360° VR, he felt much more connected and able to make a better, more accurate call, because
he was able taccesshe perspectivehewasfamiliarwithf r om t he position, w
hundred times better than wat chilntgvieweeyi deo t

the thought process was similar to interviewleeas he commented upon the disconnect

between umpire decisiemakip and t he broadcast video: “Yo
you're not utilising techniques that you Wwo
However, with the 360° VR videos, he remarke

positior. ForlInterviewees, being able to see a play throu
him figure out what an umpire was thinking, as well as their positioning and if they were in the

best place to make a call.



Engagement

Engagement, or the power to interact hwihe video medium to make accurate
decisions, was perceived to be greater with the 360° VR amongst all three interviewees.
Intervieweeoner e mar ked that with 360° VR, “.you car
and what you would be doing at the same timie Thi s was i n contrast
di sconnect with the broadcast videos and the
Furthermore, intervieweene suggested that 360°VR could be used to train multiple people

simultaneously with high elagg e me n t if you had two or thr
same time.being able to say, hey, | ook dowr
experience.” The ability to track a bal/l a

decision was fabetter in 360° VR folnterviewee2, who commented that 360° VR was

“..good for tracking the bal/l i n terms of a |
and seeing when it gets tagged or wheh it gc¢
VR, intervieweghreeb e | i eved an umpire using it could b
| had taken two steps to the |l eft, and | ook

Information, in the form of play information necessary for wanpire to make an
accurate decision, was a concern amongst all three interviewees. Being able to identify all the
information needed to make an accurate call was of primary importance. This subtheme
manifested itself when the interviewees mentionedgesuth as angles, distance, and points
of focus. For example, an advantage of 360° VR for intervidkve@a s bei ng “ ..abl e

on the bits and pieces 2amumentedihat3600VRwasedeas o n .

for finding the right angles toacl | a pl ay, and for being abl e
the el ements thedseltl «e@s3609nVBRrsieweeabil it
angles and distance from a pl ay, noting that

distancea lot better than through the literature
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Technological suitability and impact

Il nterviewees remarked upon 360° VR’ s t ec
umpires, as well as its impact factor. Intervie\gdmelieved it would work well with younger
umpi res and saw it as an al most natur al fit
through. And even younger than me. And these
he didn’t rul e out IBevizWee ¥YeRpradssed exoigmakmut usingnpi r e s
360 ° VR forupandc omi ng umpires: “You | ook at our
technol ogy savvy. So VR to t hdnerieneellwds be | i
immediately pulled in by the novelty and excitement of using the 860fechnology itself,

noting it was more real l' i fe” and that he

that made using it more interesting and engaging.

Theme 2360° VR Disadvantages
Participants also spoke about some of the disadvantag@0dfVR. These centred

around possible user experience requirements and infringement on umpire privacy.

Umpire Experience

The disadvantages of using 360° VR were not as numerous or as expounded upon by
interviewees but did appear. One such disadvantag®e elated to umpire experience,
specifically how the technology may benefit certain experience levels more than others. For
two of the interviewees, they felt a prerequisite level of real game experience might be needed

to fully utilise and benefit fro360° VR technology. According iotervieweel, .0 f you'r
a very low, | ow | evel umpire, who doesn’t ha
the place and you’ re not sur e Wsharedasimilaru s h o
thought onexperiencdevel anddiscussed how senibevel umpires would be able to look

aroundoqui ckly i dentify the four el ements: *“ The

have a bit more tools around it, umprgwoglds. Th



seé. Interviewee2, meanwhile, explained that higHewvel or experienced umpires may not
even benefit from the 360° VR technology because at higher levels, they might have outgrown

the need for reviewing videos to train decismmm k i ngl e$§s.uhhere’” s somet

the time you hit l evel seven.we’ve seen t he

ti mes.

Umpire Privacy

The idea of maintaining respect for umpires appearing in the 360° VR videos was a
strong concern for interviewee Because of the viewpoint, the 360° VR videos made it easier
to critique the actions of the umpire with the mounted camera. For other SNZ umpires
following SNZ games, they would be able to identify the filming umpires and perhaps
negatively view their aatns. This could potentially detract from its widespread adoption:
“You would just imagine that it might expose
it’s [360° VR] trying to achieve by ostraciz
Rather than the technology being used to train decisiaking, it would make it more about
the filmed umpire and t heilnervipveee 3 roentiored thag . As
this concept of protecting t he tectngourvmarthual s i
of our umpires..we al ways want Itdhauld keenetqud thath e ma
this wasmore soa concern for the individuawith the broadcast videdsecause their faces

could be seen (unlike the firpersonfilming pergective of the 360VR videos).

Theme 3: Current training conditions
Through the interviews, participants shared important opinions on the current state of SNZ

umpire decisiormaking training. Of importance was the ideas of information access

1A MUori term defined as prestige, authority, control
charismai manai s a supernatural force in a person, place, o
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variability, and the idea that 360° VR is uniquely capable of improving the current condition

through its strengths as a teaching and learning tool.

Information access variability

Interviewees indicated that the current videsaning situation and knowledge sharing
with SNZ umpires was arbitrary. Interviewgenentioned that it was often up to the umpire to
find YouTube broadcast videos, which entailed finding the right video for the right play. This
failed to really garner much interest from this umpire, ashenoteht he has “ ..seen
of those sorts of videos before as well. Which they tend to run into another sort 6f thing
Interviewee2 specifically mentioned the ad hoc nature of video selection, noting that regional
head umpires would select their owlays to teach umpires, and that this went all the way up
to the international levelOne high-ranking international softbabfficial “ ..has hi s o w]
dropbox videos, and he just uses them as he sees fit of what he wantstolteachiewee3
shared thetery of how his beginning foray into umpiring might have gone down an entirely
different path if not for the help of a key umpire mentor. Before meeting this umpire, he felt
somewhat isolated from learning and improving as an umpire because the senies whpi
his time closed themselves off to him: *“ .the
those skills. And they only taught you when you moved up a §r&dethis umpire, 360° VR,
far more than the 2Broadcast videos, could be an effectivel tohelp bridge the information
gap, infusing some energy and noveltyh&lp lowerlevel umpireslearn The sooner the
36C°VR video training could be deployed, the better for training information accessf | ' v e

got the toys man, get ‘“em out there

Teaching and learning
On the notion of teaching and learning, interviewees all shared positive opinions on
360° VR as a training and learning tool. For exanmipiervieweels har ed t hat * ..t

cool to actually get a plate umpire wearing VR [camera] and then being able to experience and



see what they’ re | ooking at..and whether that
to what you woul d-improaihgl traihing Teatures was io0 @dditica doy
Intervieweel ' pevious positive opinion about the possibility of using 360° VR to teach
multiple individuals simultaneously. Interview8e&onsidered 360° VRo bea useful tool for

educating umpires on movendachniques, especially with regardstotiaglae pl ay “ ..VR
was better for getting experience in practice in techniques to see the play and see the elements

t hemsel ves. Even mor two, wasthe chdneerfar 360° &R, inithet er v i
offseasm, to prepare umpires for the coming season in a safe, controlled environment, rich

with the information necessary to train accurate decigiaking. Interviewee3 was very
enthusiastic about 360°VR bridging the gap between deeisaking training literatre and

real play. According to interviewdbree most umpires were kinesthetic learners, and learn by

doing. With 360° VR, these umpires could see how a play in the rule book looks like in real
l'ife, “ .if you show me wdthat, wherhl garead tbediteraturd, i k e,

”

I can |link the two.

The current study exami ne dadgcsionmakingtooh s pect
through a combination of quantitative and qualitative analysis. Specifically, the current study
showed no sigificant evidence that 3607R produced higher decisiemaking accuracy than
2D Broadcast video, nor was higher umpire experience level associated with greater 360° VR
decisionmaking accuracy; however, 360° VR showed significantly higher EV values than th
2D Broadcast videos. Additionally, it became evident that 360° VR offered additional
advantages, disadvantages, as well as situated itself well into the current SNZ softball umpire

training landscape/situation.

The next chapter will discuss these vasideatures and facets of 360° VR for softball
umpire decisiormaking training. By consolidating the lessons learned from the study, the
researcher hopes to establish a foundation and direction for similar research in the future.
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Chapter 5: Discussion
Introduction

This chapter is presented in three sections, with each section focusing the discussion
specifically related to research questions3,1briefly restated here: I)oeswatching2D
Broadcast or 360° VR videos produce higher decigiaking accuracy; 2poeswatching2D
Broadcast or 360° VR video trainimgoducehigher ecological validity for game decision
making training;3) Can 360° VR assess decisioraking skill accuracy differences between
novice and advanced sports officialsgights from interview data on research question 4
(What are the perspectives mdrticipantson the use of 360° VR video to enhance decision

making?) will be drawn upon throughout the discussion as relevant.

ResearclQuestionOne
Does watching 2Broadcast or 360 °VR video produce higher decisimaking accuracy?
Previous research findings highlighted the ability of @IthBroadcast and 360° VR
video to improve sports official decisionaking accuracy (Catteuw et al, 2010; Hels¢al.,
2019; Kittel et al., 2020; Larkin et al., 2018; Mascarenhas, 2005; Schweizer et al., T2G11).
hypothesis that decisiemaking accuracy would be higher for the 360° VR videos than the 2D
Broadcast videos was unsupportddecent study found dagnificant difference in decision
making accuracy between Australian Rules Football umpires using broadcast videos or 360°
VR videos (Kittel et al., 2020), however in this current study no significant difference in
decisionmaking accuracy between umpinesing 2DBroadcast video and 360° VR videos
was identified. Although the current study did not demonstrate a significant relationship
between video condition and accuracy, information from the interviewees provides useful and
actionable insights into faat® that may have influenced the results. These factors include

missing information and feelings of nausea brought on by use of VR technology.



It is reasonable to expect that the thpetson perspective of the broadcast clips
introduced barriers to efféee decisioamaking for umpires as participants are effectively
making decisions without all the information they normally would possess from-pdinsin
perspective (Mann et al., 2007). Sports official decisi@king requires combining both
existing knowledge and available sensory information (MacMahon et al., 2014) along with
procedural and declarative knowledge (Plessner & MacMahon, 2013). By not being able to
move around to receive all the information needed for deemigking Balaguéet al., D08;

Gibson, 1966; Gibson, 1979; Seifert et al., 2019), the resulting deamskimg accuracy for
the umpires on the broadcast clips was possibly decreased. This presented itself through the

camera distance and camera angles.

Due to the camera position the broadcast clips, participants often had an unclear or
incomplete view of the four elements. Many of the Bidadcast videos were filmed above
and behind the home plate, providing a better overall picture of the entire softball diamond
while sometime sacrificing a closer and clearer view of the second base blimome
broadcast clipsthis problem was further compounded due to the presencaelarikascreen
mesh net (designed to keep softballs from traveling into the softball stadium audi€noe)
of the cameraPrevious studies have suggested that viewing distance from a play and the angle
from which the play is viewed <can-makingni fi c:
accuracy (de Oliveira et al., 2011; Hossner et al., 2014; Malld,204.2). Interview data
provided some further insight intbe effect of the camera angles and distance on broadcast
clip decisiomrma ki ng accuracy: “You tend to be bl ock
angl es and(intetviewea)i He weat nrctaeekplaihis difficulty with the broadcast

videos .it’s hard to focus o0nSomxdhthet2lBrpadeastat y o
videos viewed by patrticipants did have zoomed in, tighter views of the play, but there was a

lack of consistecy with their occurrence. The overall decisimaking accuracy effects of the
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broadcast video clips could potentially be enhanced with improved clip selection. These effects

were expected to be diminished in the 360° VR video clips.

The finding that dasion-making accuracy by participants using the 360° VR clips
were not significanthydifferent thanthe 2D Broadcast videatid not supporthe hypothesis
that decisiommaking accuracy on the 360° VR videos would be higher than the 2D Broadcast
videos Research by Kittle et al. (2019b) suggested that the 360° VR clips would feel more
‘“game |1 ke’ to the parti ci ¢geasiotnsaking acdurag/s si st
however, as with the 2D Broadcast videos, the participants using the 360° VR clips may have
been unable to see all that they needed to see to make accurate decisions. According to
intervieweel, “ ...t he scenar i ohsi tbee isnhgo ewsh,i tweh istaen db,a swe ..
t he d e fHowmuch tlasnnfluenced decision accuracy is uncertain but was a possible
factar. Furthermore, the 360° camera and resulting imagesweeyebasi¢c andthe researcher
did not have the skills gesources to professionally ethieclips. However the researcher did
notice far fewer commentsom participantsn both thequantitative data collection period and
the qualitative interviewees onimage quality. This may suggest thatsing a higher
spedfication equipment 360° VR image quality issues could be minimised to assist with
umpiredecision making. Besides issues with image quality, issues related to the umpires and

movement may have arisen.

Umpires oftenhave to moveo make callsput the360° VR clips with an umpire
moving may not have fully translated how mc
decision. The ability to obtain the needed information during movement or no movement was
likely different, as remarked upon by an interviewée...i f you' ' re seeing i1
runni ng, it’s different f r. odlhe santeétervigweeualss e ac
noted that despite the movement of the umpire, the viewer was not really running with them.

Again, this would seem to indicate that the 360° VR clips were unabi¢alty recapture the



dynamics of user interaction with the @wment Balaguéet al., 2008; Gibson, 1966; Gibson,
1979; Seifert et al., 2019). While the participants were able to somewhat adjust their view
during either movement or no movement clips, the resulting dynamics of sports official
movement and environmeimteraction was still somewhat restricted from a live game and may

have di minished -nmkingabititg.i r e’ s deci si on

Decisionmaking ability may also have been impaired by the duration of the 360° VR
clips. The start and end pointhosen fothe 3®° VR clips may have negatively impacted the
umpires.All clips were 35 seconds in length and did ramnsistentlyinclude the beginning
of the pitch. This might have resulted in a decreased abilitye umpireto track and process
all the informationin the game environmemd make an accurate decision, unlike in a live
game.To date,research on decisiemaking has often overlookedumerousfactors that
account for sports official performance, including individaaVironmental interactions and
synerges( O’ Br i en & .Bynotib@ng abk @o2vievy the play from its beginning,
participants using the 360° VR clips may not have been able to effectively utilise all the
information sources needed for effective decigimaking. One of the interviewesaggested
he preferred watching a |l onger, more compl et
y o u h a v.dtisposgible that the users needed more information on the play to mimic a
sense of the synergies and interactions surrounding agpldyits appropriate response
(MacMahon et al., 2014). This might have been made more difficult because of user

discomfort.

Technical issues with the 360° VR technology may have interfered with decision
making albeit this might have required thelugnce of emotions on decisionaking The
researcher noted thdtiring the data collectiogeveral participants reported minor feelings of
discomfort. The wobbling and shaking which occurred with the 360° VR due to umpire
movement produced unpleasant iieg$, likely a manifestation of VR sickness. This is
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purportedly higher in 360° VR videos than 2D Broadcast videos (MacQuarrie & Steed, 2017).

VR sickness may have been detrimental to the
locate the four eleants within the videos. However, while the interviewees acknowledged the
instability in some of the 360 ° VR videos, instability or VR sickness symptoms were not cited

as a major impediment to decistoraking. As intervieweér e mar ked “ The st abi
it wasn’t great, but i t wa s n.” Anotherantelviawete t h a't
mentioned experiencing something akin to vertigo, but gradually adapted to and overcame the
sensation. Still, any users experiencing feelings of VR sickneswaedjoying using the 360°

VR clips may have produced different decisions than in a live, discofrdergame. Research

suggests that emotiongositive and negativeare linked with information processing,
decisionmaking, and actionfAntoniou et al., 2020Tenenbaum et al., 2013). Thus, despite

the interviewees not ascribing difficulty to the decisinaking due to VR sickness symptoms,

any negative emotions due to VRIgwess may have negatively impacted some of the

participants abilities to optimally make a decision.

In summary, it is unclear from this study why participants did not score significantly
higher with their decisiomaking tasks on the 360° VR clips thtére 2D Broadcast clips
However, qualitative interview data indicdtéhat it may be due to user inability to access all
the information, in the same manner as they would in a live game. Furthermore, 3G0evR
clip lengths may have been insufficieahd user discomfort with the 360° VR also emerged

as possible explanations.

Despite a lack of quantitative data connecting 360° VR video to improved umpire
decisionmaking accuracy over 2Broadcast video, qualitative data stemlthat 360° VR may
offer pdential to increase decisianaking through the context of training with the technology.
The study design did not include a poe posttreatment measurement system to assess if the

technology was able to produce decisinaking accuracy changes over timeterviewees



remarked upon their belief that the 360° VR technology could be used to train and increase
decisionmaking accuracy. For example, intervieveee e mar ked about traini |
had the VR technology, and you can work with it in preseathey will learn a hell of a lot

mor e..and when they come to the real thing,
e a s.ilntervikwee2hi nt ed at actively using and benef.
beneficial in terms of gettinthe experience of seeing a call come into place, learning how to

ut i | i s e .Byuwsing the wotd8getting and“learning, interviewee2 implied the

benefits of the 360° VR may not be immediate, and perhaps \Wweuddhievablén a future

study deginthatwould include measuring actual game accuracy changes over a series of time

after receiving 360° VR training.

Research Question Two
Doeswatching2D Broadcast or 360° VR video trainiqgoducehigher ecological validity for
game decisiomaking?

The hypdhesisthat EV values would be higher for the 360° VR videos than the 2D
broadcast videos was support®esearch results from this study indicated thatJ36R
produced higher EV values thabB Broadcast videos. This finding supports those of Kittel et
al. (2019) who demonstrated that Australian Rules Umpires rated 360° VR videos higher for
EV than match broadcast videos. Similarly, research by Kittel et al. (2020) suggested that 360°
VR videosshowed higher psychological fidelity than match broadcast videos. In this study the
experience of using 360° VR allowed the umpires to view each play from a viewpoint almost
identical to the real game, therefore enabling them to more easily obtain theldments
(leading edge of base/plate, ball position, fielder location, runner location), thus increasing their
decisiomsma ki ng | ink between cue and criterion (B
criterion’ connect i onllthe mervieavkes. dhey amiphassed teed g e d

positive aspect of being able to look around in-teaé as the play was occurring, in order to
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identify the four elements and produce an informed decision. Intervidwagched on this
feature of tuhel 136b0e° awR:e “tYoo i dentify the key
actually, that’s happening right now. The an

to morvhd”™s umpir e sense of presence’ was hei
generatd a higher level of embodiment compared to theB2@adcast video. One interviewee

used the worlimmersivé to describe their experience using the VR headset and making play

calls, which strongly supported the concept of embodiment in action betwe@enettveeivee

and 360° VR headset. This “sense of presenc:
feelings of ecological validity thus promoting decisimaking learning retention, and
capitalising on heightened embodiment to amplify such learning,ribrtsasing the chances

of longterm behavioural changes (Bohil et al. 2011). As noted earlier, higher levels of
embodiment in learning experiences, such as those seen with VR technology, may increase the
chances of longerm behavioural changes (Bohilat 2011). This finding suggests that there

is merit in Softball NZ considering an implementation of 360° VRneadalitionakool to train

softball umpire decisioimaking. The interviewees were enthusiastic that with 360° VR they

were using a technologyat allowed them to engage from a point of view familiar to an

umpire, rather than looking at a call through the eyes of a softball television audience member

(2D Broadcast video). As interviewdee x pl ai ned, with the 360° VF

technob g vy . 't just makes it interesting and ma
speaking about watching broadcast videos, wa
part of it and it’s |ike you’r ethosersetsaft ep r

videos before as well ...one runs into another

To summarise, the findingsupported the hypothedilsat participantsvould ascribe
higher EV values to the 360° VR clips than theBXadcast clips. Interview feedback suggests

t hat this was due to the 360° VR’s abilities



Research Question Three
Does 360° VR decisiemaking acuracy differ by experience level?

Previous research findings suggested a link between experience and accuracy in sports
officials (Catteeuw et al., 2009; Corrigan et al., 2019; Kittle et al., 2019b; Nazarudin et al.,
2015). Our hypothesis that decisignaking accuracy would be higher for the advanced
umpires than the novice umpires was not suppofthd.factors that might have influenced
these results include the sensitivity of the videos to assess experience and the familiarity using

the 360° VR technoby.

It is possible the study design may not have accurately detected dewediorg
differences according to experience level because of diminished task representativeaess.
study by Kittel et al. (2021), both 2D Broadcast and 360° VR videos weable to
differentiate decisiommaking accuracy between skilled and highly skilled AFL umpirasis,
while 2D Broadcast and 360° VR videos can differentiate between novice and advanced sports
of f i ci a l-nsaking dceuracyqKittelret al., 2019b),hagher sports official levels there
may be an efficacy cudff, suggesting that assessing sports officiating proficiency through
video methods is not without limitations and requires-funéng. The findings of Dicks et al.
(2019) suggest that experienoa a task is assessed through tasks representative of the
simul ated environment. For example, an asses
court is weakened because of the poor representativeness of the experimental environment to
the real avironment. As discussed in the discussion on research question one, there were
concerns about the study’s ability to util:]
decisionmaking process authentic and galike. By the very design of the currentidy, the
participants were attempting to call plays without umpiring at a real gieaneal sports games,
sports officials are required to make decisions amongst a constantly shifting mix of interacting

environmental, psychological, and physical vaeabl ( Ki t t e | et al ., 2019;
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2016). Due to the isolated nature of the testing conditions, these factors were not all present;
however, it is likely the testing conditions presented their own unique variables required for
decisionmaking, suh as being asked to make a decision in front of a researcher in an umpire
room, possibly diminishing transfer of the u
If the research videwiewing conditions were sufficiently different to the setting tuch the

play calls were normally directed (a live softball game), task representativeness was
compromisedAraujoet al., 2007Araujoet al. 2019), and the resulting data demonstrating no
significant difference between umpire experience and deemsaking accuracy is placed into

a more understandable context. One notable wiwing variable which possibly impacted

the relationship between accuracy and experience was the utilisation of the 360° VR

technology.

Data results and accuracy may have bedluenced by user familiarity with the
technological medium and various individual characteristics, such as VR sickness lowering
accuracy scores, or even the familiarity of using the 360° VR videos. For many of the
participants and the majority of the inteewees, it was their firdime using VR technology.

One of the interviewees touched upon the familiarity, or lack thereof, with higher technology
among different age groups within the umpir e
savvy. Theywoulp r obably school the ol der generati on
av ai l(iaténdiew€e 3) Many of the highetevel umpires were older and perhaps less

familiar with the 360° VR technology. This might have impacted upon their deg¢isading

accuracy, while the scores of the younger, lovemel umpires were boosted by their
familiarity with the technology. Findings by Saleme et al. (2021) suggest that higher age is
associated with differing quality of experiences (with higher age groups preséswer

quality of experience scores). Thus, if experience was correlated with age, a lower ability to

enjoy the 360° VR may have had an impact on their deemsi@king @ntoniou et al., 2020



Tenenbaum et al.,, 2013)An argument could be made thatthe number of younger SNZ
umpire increase, and older SNZ umpires retire, issues related to user familiarity with the 360°
VR impacting the relationship between experience and deaisaking accuracy may
decreaseHowever, the researcher believes that $Nidld ameliorate the impact of technology

on its older umpirés c omf or t -maakiny aatwacyhouglo asupportive and

customised familiarisation with the 360° VR technology.

Although a connection between experience and deemgking accuracy was not
found in the study, comments by the interviewees allude to a perceived ability for the 360° VR
to discern this connection. Intervieweesandthreeimplied that a certain leVef experience
may be needed to use the technology in order to know where to look and what to do during the
play (see chapter 4). That this was not reflected in the current study was possibly due to issues

related to study design sensitivity or technotagfamiliarity.

Summary

In summary, the findings oresearchquestions 43 were a mixture of expected and
unexpected results. The 360° VR clips were expected to result in higher EV values. This was
supported by the findings. It was al so expec
better decisiomrmaking accuracy than the broadcast videos, as well as discerned experience
based differences in accuracy. This was not supported by the findings. Desp#e the
unexpected results, positive feedback from the interviewees segpgwtuse o860° VR for
decisionmaking training, as thempiresexperienced better views of the plays, lauded its
ability to effect decisioomaking accuracy change as a training tool, and indicated greater

enjoyment with its use compared to the broadcast videos. As one intervieweeeaskplaits

decisiomma ki ng training potential: “they wildl I
di stance. And then when they come to the rea
a | ot (ireeavewee 8)Through incorporating #se insightsrom the mixed methods
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approach of this study, ithstudy can inform and enrich future related stuemmining360°
VR and decisiormakingimpactson sports officialsOf key importancérom this study are the
abilities of 360° VR to poterdily increase enjoyment of learning/training for sports officials,
which may, through increased exposure, also increase denisiking accuracy in 360° VR

and ultimatelfive games.



Chapter 6: Conclusion
The following sections will be divided into threections; sectio.1, the research
findings will be summarisedection 6.2, the strengths and limitations of the research will be

discussednd section 6.3ecommendations for future research.

Section 61 Summary of findings

Due to thepragmaticmixed methods study design approaitiwas possible to gain
deeper insight into the quantitative resedrodings through the qualitative interview$he
guantitative data indicated that 360° VR offered softbahpires minimal advantages to
decisionmaking accuracy compared to traditional 2D Broadcast videmsyaslimited asan
effective assessment tool for decisimaking experience; however, the quantitative data did
suggest that umpires viewed the 360° ViBeos as more game like. The findings of the
gualitative data supported the use of 360° VR as a tool to improve softball umpire decision
making accuracy.

Decisionmaking training tasks should use similar information sources as the desired
environmento which they are directed\fadjo et al., 2006; Pinder et al., 201Bvidence of
these similar information sources being present in the 360° VR videos was provided by the

intervi ewees comments on perspectivte and e
better viewpoints (i.e: eyes of an umpire’ ), and ability t
information necessary for decisioma ki ng (‘' good f or tracking t
support for this more garrike training environment was praled by significantly higher EV

values. Thus, the researcher believed the higher EV values would also correlate with improved

umpire decisiormaking accuracy and connect experience with improved degisakmg

accuracy; however, data supported neithehe$¢ two hypotheses.
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Section 6.2 Studgtrengths and weaknesses

The gqualitative data, and the mixed methods approach in general, was a strength of the
study. As far as can be reasonably determined, this study is the only one of its kind to use
guantitatve and qualitative data to research sports official decisiaking with 360° VR.
Wit hout the qualitative dat a, the study’ s ¢
anaemic in terms gdroviding recommendations féuture research directiors360°VR was
more gamdike to the participants, but unable to significantly impact decision making. With
the qualitative data, however, the study was able to examine how the technology was
interacting with participants, and how they were using it, and wantagetdhe technology.
Such findings emphasised a study by Hong et al. (2020) on the propensity of mixed methods
research t o: “.better inform decision ma K i
under stla thid regagl,”the mixed methods research intredunultiple avenues of

insights and offers potential for future research.

A limiting factor of the study is the relatively inconsistent selection of broadcast and
clips. As discussed earlier, the ad hoc basis of broadcast video clip selection for Mg train
purposes encouraged the researcher to choose clips from an online source. While humerous
clips were available, the quality of each clip could vary greatly, with different camera angles
and distances. This may have helped participants with their @aeaisiking in some clips,
while hindering them in otherfespite the relatively low costs associated with this style of
video training, the study results suggested that the training efficacy and results of 2D video
broadcast training were mostly unhelptulthe majority of participant$nstead, SNZ umpires
would likely benefit more from learning how to implement fipstrson or 360°VR video
training, alongside simulation games, to improve their decisiaking Furthermore, some
clips were from under 18ge group games, while others were from adult softball games. A

study by Kittel et al. (2021) suggests that failure to match the performance leveliofghes



usually adjudicated bgportsofficials may impact on the ability gports officialdo accurately
call upon their decisiomaking expertise. The study cannot be certain that these broadcast

clips were unanimously valid tests for softball umpire decisiaking.

Animportantconstiant of the study was the scope o0
was not ableto introduce pre and pestst decisiormaking accuracy tests due to time
constraints. The study desi-gakingability basedepbn t he |
clip duraton, and this duration may not have been long enough to have captured all the
decisionmaking factors that are used by participants when determining their decisions. As
noted by O Brien and Rynne (2020), anhost o

devel op a sports official s performance. Th

gaining the knowledge to understand these factors.

Section 6.3 Recommendations for future research

Further research is needed to ascertain how best taateeg60° VR to improve
training of sports official decisiemaking. Currently there is limited research on the impact
and effectiveness of 2D viddmased decisiemaking trainingon actual gamesnd even less
on 360° VRmaking tteening tsanste Mhe research does suggest that there is a
positive correlation between firperson video watching before sports performance officiating
and the resulting officiating in a real gafiNazarudin et al., 2015Furthermore, there appears
to be a positiveorrelation between sports officiating experieaneaccuracy using 360° VR,
unlike in 2D match broadcast videos (Kittel et al., 2020is is a gap in the literature worth
furtherexplomtion It would be most useful to train and test a large grogpfor t s of f i ci
decisionmaking abilities with 360° VR during an offseason and compare their accuracy results
to a control group over the course of a seaBatause of the speed and scope of decision
making in softball, it is likely that the findings this study could also apply to other sports,
though there may need to be adjustments in t
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unique officiating needdn the final analysis, any method that can improve sports official
decisionmaking impraoes the entire sports official profession, as well as the sports field in

general.

Although the present research focused on 360° VR and deamsikimg for softball
umpires and sports officials, the researcher also believes that thestost VR sickhessand
perhaps perceived technical expertise required to implement 360° VR videos represent barriers
to many sporting organisations. Thus, the implementation®qfetson videos via a 180°
camera such as a GoPro camera would be an opfithough priced similarly, GoPrtype
camerasand cameras similar to them are arguably easier tdbesause of their myriad
mounting kits. A softball umpire may simply mount the GoPro camera touheir f @hresh’ s
via a chest mount device. This woul@tdiy be more comfortablesecure, andessof an
impediment to their movements than a 36@meramounted atop their hatJmpires may still
be able to look at a game through the more beneficstdipersonperspective on any display
screenThe primary oncern with using a GoPro camera and not uploading it into a VR HMD
for viewing would be the loss of immersigresenceandembodimenbffered by VR But for
some instructional/training purposes that do not require any of these factors (i.e., an umpire
trainer being able to instruct a trainee where their eyes should be looking), a GoPro camera
may serve aa cheapealternative to a 360€ameraand VR HMD comhnation device set.

There is also the possibility of uploading 180° GoPro video into a VR HMiainAwhile this

may notutilise the full strengths of 360° VR, an argument could be made that some sports may
not require 360° viewpoints in VR to effectively learn. In softball, the umpire will rarely need
to look behind them. Other sports, such as football, rugby, and Améoictball, may require

a more dynamic view of the playing venue for sports official training.

To conclude, despite mixed findings in the present study, 360° VR may positively

impact the decisioimaking of referees and umpires across a realm of spor#it&dive data



suggests and calls for future research to continue exploring this largely untapped decision
making training tool. 360° VR decisianaking training may both sharpen and magnify some

of the advantages of the broadcast videos in terms of acéssning anytime, anywhere.
Lastly, as suggested by one of the interviewees, 360°VR videos can builthepenefits of

training with manuals or rulebookecause it ..br i ngs to I|.i fe the | ite]
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Participant Information Sheet (360° Video Filming)

Umpires andsoftball players in Softball New Zealand

Date Information Sheet Produced:

13 November 2019

Project Title

Training decisiommaking in softball umpires using 360° virtual reality
An Invitation

Kia Oral

You are invited to take part in a novel decisioaking research study that is likely to be the first of

AGAd 1AYR AY bSg %SItlryRd a@d yIFIYS Aa YS2yS YIFA&asSH
Exercise at AUT. This study involves enhancing dlotilngire development (through VR technology)

capturing all the action (safes and outs) at the second base, recorded using the 360°camera in two

Softball NZ tournaments being held in New Zealand in January and February 2020. You will need to
explicitly cosent to being identified in the consent form and also need to explicitly consent to

having your data shared with AUT.
What is the purpose of this research?

By combining 360°video of crucial softball plays (&base) and VR technology, this researchksee
to determine if VR technology can be utilised to improve decigiaiking of sports officials. The
research compares whether training umpire decisinaking is enhanced through the 360° VR

training footage compared to using Softball NZ broadcast video.
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As such, the novel research will inform sports scientists, coaches and the wider softball community
on methods to improve umpire decisianaking performance, and methods implementing virtual

reality for skill acquisition.

The findings of this research may be used for academic publications and presentations, and will be

dzZaSR (26l NRa (GKS NBaSI NOKSNR& ljdz- t ATFTAOFGA2ya F2N
How was | identified and why am | being invited to participate in thissearch?

You have received this information sheet because you expressed interest in participating in this

research, and are a Softball NZ umpire of level 1 to level 7.
How do | agree to participate in this research?

A Consent Form is required to be read aighed by you the participant which is obtained at the

same time as the information sheet. Your participation in this research is voluntary (it is your choice)
and whether or not you choose to participate will neither advantage nor disadvantage yoaré’ou

able to withdraw from the study at any time. If you choose to withdraw from the study, then you will
be offered the choice between having any data that is identifiable as belonging to you removed or
allowing it to continue to be used. However, once fimelings have been produced, removal of your

data may not be possible.
What will happen in this research?

The research will be divided into two parts: (1) data collection from broadcast video of previous

games and 360 video of upcoming games; (2) datéyaisa
For the data collection from 360 video:

You will have a Samsung Gear 360° camera mounted on your cap via a special head harness kit, and
these cameras will be active during the duration of the game. These cameras weigh approximately

130 g, and mesures 10.6 cm x 4.6 cm x 4.5 cm. They will be encased in a silicone case to protect



from any damage. For reference, please see the attached images of the camera, head harness Kit,

and silicone protective case.

Filming is expected to last from January tareh.

What are the discomforts and risks?

It is not anticipated that participants will experience discomfort, which would be greater than that

occurring as part of their normal sports officiating duties.

There could be some discomfort when wearing the ¥Rdsets. Some participants may feel

uncomfortable being filmed.

There is a possibility that umpires will not find the aapunted cameras comfortable.

How will these discomforts and risks be alleviated?

Alternative camera mounts are possible, includihgiddermounted units, that some participants

may find more comfortable.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury as a result of your participation in this sethilitation
andcompensation for injury by accident may be available from the Accident Compensation
Corporation, providing the incident details satisfy the requirements of the law and the Corporation's

regulations.

What are the benefits?

This research will provide a noweay of coaching that has previously been used in softball before

FYR 6AtE £A1SEe A Yinen@skilsLiwNisgo Pravide insighisnto R&y/©Om & A 2 y

further enhance umpire training methods.

For softball umpires:
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The potential benefitare directly correlated with their umpire duties. These benefits include
improved decisiormaking in softball games. This research may benefit thedegsrienced
umpires, and serve as a method to improve their skills, potentially accelerating theilogewvent

and ascension to a level 7 qualification.

For the researcher:

The research serves as a requirement for obtaining his Masters in Sports and Exercise from AUT.
Additionally, the research can improve his skills and knowledge in this particular. te&érhoped

that this research can serve as a potential springboard towards future research.

For the wider sports science community:

this research can add to the body of knowledge on Virtual Reality and training demialong in
sports officials. At gsent, there is a gap in the literature on this subject. It is hoped that this
research can inform future researchers on this particular area, as well as sports officials in other

sports.

How will my privacy be protected?

Anonymity of umpires will be ensed via ID number assigned to them (the researcher will only see

their names on the consent forms).

Only the primary researcher and supervisors will have access to data from the participants. This data
will be kept in a secure data storage facility. Alladwill be deleted. Consent forms will also be kept

in the same secure storage facility, and will be destroyed via paper shredder after six years.

What are the costs of participating in this research?

The participant will incur no additional time bnancial costs in this research, only their normal

game time.

What opportunity do | have to consider this invitation?



Participants will have two weeks to consider the invitation.

Will | receive feedback on the results of this research?

Feedback will be pvided on the findings by ways of email if they wish to have them.

Will | receive any compensation for participating in this research?

For their efforts, umpire participants will receive koha in the form of a petrol or supermarket gift

card with an approixnate $25 value.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the

Project Supervisor,

Kirsten Spencekirsten.spencer@aut.ac.n@9 921 9999 7239

Concerns regarding the conduct of the research should be notified to the Executive Secretary of

1Y ¢9/ 3 YI lethicd@aut.&cyiz0218899 ext 6038.
Whom do | contact for further information about this research?

Please keep this Information Sheetdam copy of the Consent Form for your future reference. You

are also able to contact the research team as follows:
Researcher Contact Details:

Keone Kaisekeone.kaiser@gmail.con®2108354696

Project SupervispContact Details:

Kirsten Spencekirsten.spencer@aut.ac.n29 921 9999x 7239

Approved by the Auckland University of Technology Ethics Committee 0r10/12/2019 AUTEC Reference number19/449
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Participant Information Sheet for Softball NZ Broadcast Video
Umpires and softball players in Softball New Zealand

Date Information Sheet Produced:

13 November 2019

Project Title

Trainingdecisionmaking in softball umpires using 360° virtual reality
An Invitation

Kia Oral!

You are invited to take part in a novel decisioaking research study that is likely to be the first of

its kind in New Zealand. My name is Keone Kaiser and lam &dandiS F2 NJ I al ad SN a
Exercise at AUT. This study involves enhancing softball umpire development (through VR technology)
capturing all the action (safes and outs) at the second base, recorded using the 360°camera in two
Softball NZ tournamentsding held in New Zealand in January and February 2020. You will need to
explicitly consent to being identified in the consent form and also need to explicitly consent to

having your data shared with AUT.
What is the purpose of this research?

By combining60°video of crucial softball plays (df Base) and VR technology, this research seeks
to determine if VR technology can be utilised to improve decigiaking of sports officials. The
research compares whether training umpire decisinaking is enhancethrough the 360° VR

training footage compared to using Softball NZ broadcast video.



As such, the novel research will inform sports scientists, coaches and the wider softball community
on methods to improve umpire decisianaking performance, and methodsplementing virtual

reality for skill acquisition

The findings of this research may be used for academic publications and presentations, and will be
dzZaSR (26l NRa (GKS NBaSI NOKSNR& ljdz- t ATFTAOFGA2ya F2N
How was | identified and why am | being invited to participate in thissearch?

You have received this information sheet because you expressed interest in participating in this

research, and are a Softball NZ level 1 to level 7 umpire.
How do | agree to participate in this research?

A Consent Form is required to be read argheid by you the participant which is obtained at the

same time as the information sheet. Your participation in this research is voluntary (it is your choice)
and whether or not you choose to participate will neither advantage nor disadvantage you. You are
able to withdraw from the study at any time. If you choose to withdraw from the study, then you will
be offered the choice between having any data that is identifiable as belonging to you removed or
allowing it to continue to be used. However, once thelihgs have been produced, removal of your

data may not be possible.
What will happen in this research?

The research will be divided into two parts: (1) data collection from broadcast video of previous

games and 360 video of upcoming games; (2) data asalys
For the data collection from broadcast video:

Publicly accessible broadcast video of previous softball games which may include video of you, will

be collected. We will then use Sportscode computer software, to select video clips of all the actions
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that occur only at the second base. These clips will contain the action of the players, they will not

contain any images of the umpire.
What are the discomforts and risks?

It is not anticipated that participants will experience discomfort as you are paatingpin softball

games as per usual routine activity.
What compensation is available for injury or negligence?

In the unlikely event of a physical injury as a result of your participation in this stelthhilitation
and compensation for injury by accittemay be available from the Accident Compensation
Corporation, providing the incident details satisfy the requirements of the law and the Corporation's

regulations.
What are the benefits?

This research will ultimately provide a novel way of coachinghhatnot been done and will likely
AYLINE @S LI NI An@Ringlabjfity. & Qill aR& fbovideingights into ways to further

enhance training methods.
For softball umpires:

The potential benefits are directly correlated with their umpire duties eSthbenefits include
improved decisiormaking in softball games. This research may benefit thedegsrienced
umpires, and serve as a method to improve their skills, potentially acceleratingithattopment

and ascension to a level 7 qualification.
For the researcher:

The research serves as a requirement for obtaining his Masters in Sports and Exercise from AUT.
Additionally, the research can improve his skills and knowledge in this particular realm. It is hoped

that this research can serve as a paial springboard towards future research.



For the wider sports science community:

This research can add to the body of knowledge on Virtual Reality and training deuiakdmg in
sports officials. At present, there is a gap in the literature on thigestiblt is hoped that this
research can inform future researchers on this particular area, as well as sports officials in other

sports.

How will my privacy be protected?

Anonymity of umpires will be ensured via ID number assigned to them (the researithenlysee
their names on the consent forms). Additionally, any video or images of umpires in broadcast videos

will be removed via computer software.

Only the primary researcher and supervisors will have access to data from the participants. This data
will be kept in a secure data storage facility. All data will be deleted. Consent forms will also be kept

in the same secure storage facility, and will be destroyed via paper shredder after six years.

What are the costs of participating in this research?

Asthe games were previously broadcasted, particpants in the broadcast video will incur no

additional costs.

What opportunity do | have to consider this invitation?

Participants will have two weeks to consider the invitation.

Will | receive feedback on theasults of this research?

Feedback will be provided on the findings by ways of email if they wish to have them.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the

Project Supervisor, Kirsten Spendérsten.spencer@aut.ac.n@9 921 9999 7239
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Concerns regarding the oduct of the research should be notified to the Executive Secretary of

1Y ¢9/ T YI lekhicd@aut.&cyiz0210899 ext 6038.
Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consemt for your future reference. You

are also able to contact the research team as follows:
Researcher Contact Details:

Keone Kaisekeone.kaiser@gmail.con®2108354696

Project Supervisor Conta®etails:

Kirsten Spencekirsten.spencer@aut.ac.n29 921 9999x 7239

Approved by the Auckland University of Technology Ethics Committed@12/2019, AUTEC
Reference numbef 9/449.
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Participant Information Sheet (Expert Panel)

Umpires and softball players in Softball New Zealand

Date Information Sheet Produced:

13 November 2019

Project Title

Training decisiomaking in softball umpires ugirB60° virtual reality
An Invitation

Kia Oral!

You are invited to take part in a novel decisioaking research study that is likely to be the first of

Alda 1AYR AY bSg %SItlyR® aé& ylIYS Aa YS2yS YIFAasSH
Exercise at AUT. This study involves enhancing dlfilnire development (through VR technology)

capturing all the action (safes and outs) at the second base, recorded using the 360°camera in two

Softball NZ tournaments being held in New Zealand in January and February 2020. You will need to
explicitly cosent to being identified in the consent form and also need to explicitly consent to

having your data shared with AUT.
What is the purpose of this research?

By combining 360°video of crucial softball plays (&base) and VR technology, this researcrksee
to determine if VR technology can be utilised to improve the development of degiséadimg of
sports officials. The research compares whether training umpire deaisaking is enhanced

through the 360° VR training footage compared to using Softbaird&ticast video.



As such, the novel research will inform sports scientists, coaches and the wider softball community
on methods to improve umpire decisianaking performance, and methods implementing virtual

reality for skill acquisition

The findings ofhis research may be used for academic publications and presentations, and will be

dzZaSR (26l NRa (GKS NBaSI NOKSNR& ljdz- t ATFTAOFGA2ya F2N
How was | identified and why am | being invited to participate in this research?

You haveeceived this information sheet because you expressed interest in participating in this

research, and are a Softball NZ umpire of level 6 to level 7.
How do | agree to participate in this research?

A Consent Form is required to be read and signed by yepdhticipant which is obtained at the

same time as the information sheet. Your participation in this research is voluntary (it is your choice)
and whether or not you choose to participate will neither advantage nor disadvantage you. You are
able to withdaw from the study at any time. If you choose to withdraw from the study, then you will
be offered the choice between having any data that is identifiable as belonging to you removed or
allowing it to continue to be used. However, once the findings haes Imeoduced, removal of your

data may not be possible.
What will happen in this research?

You will be asked to view and determine various videos of previously broadcasted Softball NZ games,
and determine if a runner is safe or out. Please attempt to amive consensus with your fellow
expert panel peers on the correct call of the plays. These decisions will later be used to determine

the accuracy of decisiemaking for other research participants.

What are the discomforts and risks?
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It is not anticipate that participants will experience discomfort, which would be greater than that

occurring as part of their normal video viewing experiences.

How will these discomforts and risks be alleviated?

The expert panel participants may opt out of the researchrgttame.
What compensation is available for injury or negligence?

In the unlikely event of a physical injury as a result of your participation in this sehiBhilitation
and compensation for injury by accident may be available from the Accident Contipensa
Corporation, providing the incident details satisfy the requirements of the law and the Corporation's

regulations.
What are the benefits?

This research will provide a novel way of coaching that has not been done and will likely improve
LJ- NI A Oécisibnyiakiagabil®. It will also provide insights into ways to further enhance

training methods.
For softball umpires:

The potential benefits are directly correlated with their umpire duties. These benefits include
improved decisiormaking in softbaljames. This research may benefit the legperienced
umpires, and serve as a method to improve their skills, potentially accelerating their development

and ascension to a level 7 qualification.
For the researcher:

The research serves as a requirementdbtaining his Masters in Sports and Exercise from AUT.
Additionally, the research can improve his skills and knowledge in this particular realm. It is hoped

that this research can serve as a potential springboard towards future research.

For the wider sprts science community:



This research can add to the body of knowledge on Virtual Reality and training deuiakdmg in
sports officials. At present, there is a gap in the literature on this subject. It is hoped that this
research can inforrfuture researchers on this particular area, as well as sports officials in other

sports.

How will my privacy be protected?

Anonymity of experpanel umpires will be ensured via ID number assigned to them (the researcher
will only see their names on the ceent forms, and thus these names will not be associated with the

decisions of these patrticipants).

Only the primary researcher and supervisors will have access to data from the participants. This data
will be kept in a secure data storage facility. Alledaill be deleted. Consent forms will also be kept

in the same secure storage facility, and will be destroyed via paper shredder after six years.

What are the costs of participating in this research?

The total time umpire participants will equired to give to the project will be approximately 4

hours.

What opportunity do | have to consider this invitation?

Participants will have two weeks to consider the invitation.

Will | receive feedback on the results of this research?

Feedback will be pwvided on the findings by ways of email if they wish to have them.

Will | receive any compensation for participating in this research?

For their efforts, umpire participants will receive koha in the form of a petrol or supermarket gift

card with an approinate $25 value.

What do | do if | have concerns about this research?
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Any concerns regarding the nature of this project should be notified in the first instance to the

Project Supervisor, Kirsten Spenddrsten.spencer@aut.ac.n@9 921 9999 7239

Concerns regarding the conduct of the research should be notified to the Executive Secretary of

L1 ¢9/ 3 YL (efhicd@aut.gcyiz0210I99 ext 6038.
Whom do | contact for further information about this reearch?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You

are also able to contact the research team as follows:
Researcher Contact Details:

Keone Kaisekeone.kaiser@gmail.con®2108354696

Project Supervisor Contact Details:

Kirsten Spencekirsten.spencer@aut.ac.n@9 921 9999x 7239

Approved by the Auckland tlversity of Technology Ethics Committee 46/12/2019, AUTEC

Reference numbef9/449.
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Participant Information Sheet (Video Viewing and Ecological Validity)
Umpires and softball players in Softball New Zealand

Date Information Sheet Produced:

22 June 2020

Project Title

Training decisiomaking in softball umpires using 360° virtual reality

An Invitation

Kia Oral!

You are invited to take part in a novel decisioaking research study that is likely to be the first of

Alda 1AYR AY bSg %SItlyR® aé& ylIYS Aa YS2yS YIFAasSH
Exercise at AUT. This study involves enhancing dlfilnire development (through VR technology)

capturing all the action (safes and outs) at the second base, recorded using the 360°camera at a

Softball NZ national tournament held in New Zealand on January 2020. You will need to explicitly

consent to beingdentified in the consent form and also need to explicitly consent to having your

data shared with AUT.
What is the purpose of this research?

By combining 360°video of crucial softball plays (4base) and VR technology, this research seeks
to determine if VR technology can be utilised to improve decisi@king of sports officials. The
research compares whether training umpire decisinaking is enhanced through the 360° VR

training footage compared to using Softball NZ broadcast video.



As such, the avel research will inform sports scientists, coaches and the wider softball community
on methods to improve umpire decisianaking performance, and methods implementing virtual

reality for skill acquisition

The findings of this research may be used fadaenic publications and presentations and will be

dzZaSR (26l NRa (GKS NBaSI NOKSNR& ljdz- t ATFTAOFGA2ya F2N
How was | identified and why am | being invited to participate in this research?

You have received this information sheetdause you are a Softball NZ umpire of level 1 to level 7
who expressed interest in participating in this research and were subsequentially invited to a

meeting and/or hui for umpires.
How do | agree to participate in this research?

A Consent Form is re@jad to be read and signed by you the participant which is obtained at the
same time as the information sheet. Your participation in this research is voluntary (it is your choice)
and whether or not you choose to participate will neither advantage nadiiantage you. You are

able to withdraw from the study at any time. If you choose to withdraw from the study, then you will
be offered the choice between having any data that is identifiable as belonging to you removed or
allowing it to continue to be usedHowever, once the findings have been produced, removal of your

data may not be possible.
What will happen in this research?

The research will consist of viewing video clips of selectédaze softball plays in two formats: (1)

2D broadcast video; (2) 360° VR video

You will be randomly assigned to one of 2 groups (Group A or Group B), and then provided with a
demographic questionnaire to complete. This is expected to take approximatelmimge to

finish.
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After completion of the questionnaire, you will be asked to watch -B)sgécondong video clips in
either the 2D broadcast format or the 360° VR format. These video clips will be watched separately

from the other umpires.

The 2D Broadxst videos will be provided via a Google Drive link to your provieeditaddress.

Prior to each play, there will be a twgcond long white screen to designate the beginning of the
play, after which the seconbdase play presentation will automaticatpmmence. A twesecond

long black screen will designate the end o gilay. After each clip, you will pause the clip and mark
whether the call was safe or out on the provided Google document. The order of these clips will be
randomised for each participanThe total expected time for this portion of the research is

estimated at 1.52 minutes.

To view the 360° VR videos, participants will be asked to meet with the researcher in a secure
f20F0A2y 2F (GKS LI NIAOALIN y (i Btihe pakigipari Wity Settingupt KS  NJB 2
the Samsung Gear Head Mounted Display (HMD) VR unit and Samsung Galaxy phone upon which the

VR videos were uploaded (see attached pictures). This will take approximately 1 minute. Through
2LISNI GA2y 27T (buiténs, e dattidpant wilic@nyh&ntesplayback of the videos. Each

play is preceded by a twsecond long white screen, while a tygecond long black screen

designates the completion of the play. After each play, you will pause the video playback and mark
GKSGKSNI GKS LXFe sFa ar¥S 2NJ 2dzi 2y | D223t8 R2C
provided laptop). Video clips will be randomised for each participant. The total expected time for

this portion of the research is estimated at between-2%ninutes.

After you complete viewing of the requested videos, you will wait two weeks and then complete
viewing of videos in the other format. For example, if you initially watched videos in the broadcast

mode, after the tweweek pause period you will thematch the 360° VR videos,

After viewing your last videos for this research, you will be asked to complete a visual analogue scale

(see attached picture). This will be provided to you in an envelope prior to video viewing. As



indicated by the instructionsn the scale, please mark along the line how close to giikeaess you
felt the decisioamaking was for each video format. This will take approximately 5 seconds to
complete. After completion, please return the envelope to the researcher in the proyidgzhid

envelope.
What are the discomforts and risks?

It is not anticipated that participants will experience discomfort, which would be greater than that

occurring as part of their normal sports officiating duties.
There could be some discomfort when wiggy the VR headsets.
How will these discomforts and risks be alleviated?
Participants may opt out of the research at any point.

What are the benefits?

This research will provide a novel way of coaching that has previously been used in softball before
andg Aff f A1St @& AYLINEBMSNg sKllIsNTiwil@lgolpliowdd iasiyhtRroQvayg o 2 Y

further enhance umpire training methods.
For softball umpires:

The potential benefits are directly correlated with their umpire duties. These benefitsdac
improved decisiormaking in softball games. This research may benefit thedegsrienced
umpires, and serve as a method to improve their skills, potentially accelerating their development

and ascension to a level 7 qualification.
For the researcher

The research serves as a requirement for obtaining his Masters in Sports and Exercise from AUT.
Additionally, the research can improve his skills and knowledge in this particular realm. It is hoped
that this research can serve as a potential springbdawchrds future research.
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For the wider sports science community:

This research can add to the body of knowledge on Virtual Reality and training deuiakdmg in
sports officials. At present, there is a gap in the literature on this subject. It is hbpethis
research can inform future researchers on this particular area, as well as sports officials in other

sports.
How will my privacy be protected?

Confidentiality of umpires will be ensured via ID number assigned to them (the researcher will only

seetheir names on the consent forms).

Only the primary researcher and supervisors will have access to data from the participants. This data
will be kept in a secure data storage facility. All data will be deleted. Consent forms will also be kept

in the samesecure storage facility, and will be destroyed via paper shredder after six years.
What are the costs of participating in this research?

The total videeDA SgAy I | YR @Aradzt Fylf23d2S aldrtS GAYS 02
contribution isestimated at 4 to 5 minutes, and the participant will need two separate days to fully
contribute (one for the first video condition, and another day for the second video condition and

visual analogue scale completion).

What opportunity do | have to considethis invitation?
Participants will have two weeks to consider the invitation.
Will I receive feedback on the results of this research?

Feedback on the overall summary of results will be provided by way of email. Additionally, if

requested theLJr NI A OA LI yiaQ 2 ¢ y-malsbiiolfher® NBadzZ §a oAttt 0685

Will | receive any compensation for participating in this research?



For their contribution to the research, umpire participants will receive koha in the form of a petrol or

supermarket gift card w an approximate $25 value.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the

Project Supervisor, Kirsten Spendérsten.spencer@aut.ac.n@9 921 9999 7239

Concerns regarding the conduct of the research should be notified to the Executive Secretary of

AUTEC, Dr Carina Mearethics@aut.ac.nz921 9999 ext 6038.

Whom do | contact for further informatio about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You

are also able to contact the research team as follows:

Researcher Contact Details:

Keone Kaisekeone.kaiser@gmail.con®2108354696

Project Supervisor Contact Details:

Kirsten Spencekirsten.spencer@aut.ac.n@9 921 9999 7239

Approved by the Auckland University of Technology EthicsCommittee on3/7/2020 AUTEC Reference number19/449.
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Oculus Quest Head Mounted Display Unit and Controllers

Make a dash on the line for how each method feels like your match detialong

360 VR Video
Nothing like match Exactly like match
decisionmaking decisionmaking

2D Broadcast Video

Nothing like match Exactly like match

decisionmaking decisionmaking

Visual Analogue Scale
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Participant Information Sheet (Expert Panel)

Umpires and softball players in Softball New Zealand

Date Information Sheet Produced:

11 June 2020

Project Title

Training decisiommaking in softball umpires using 360° virtual reality

An Invitation

KiaOral

You are invited to take part in a novel decisimaking research study that is likely to be the first of
Ada 1{AYR AYy bSg %SIflFIyR® aé yIFYS A& YS2yS YIFAasSn
Exercise at AUT. This study involves enhandfigadl umpire development (through VR technology)
capturing all the action (safes and outs) at the second base, recorded using the 360°camera at a
Softball NZ national tournament held in New Zealand on January 2020. You will need to explicitly

consent tobeing identified in the consent form and also need to explicitly consent to having your

data shared with AUT.
What is the purpose of this research?

By combining 360°video of crucial softball plays (&base) and VR technology, this research seeks
to determine if VR technology can be utilised to improve the development of deeaisaking of
sports officials. The research compares whether training umpire deeisaking is enhanced

through the 360° VR training footage compared to using Softball NZ brstaddao.



As such, the novel research will inform sports scientists, coaches and the wider softball community
on methods to improve umpire decisianaking performance, and methods implementing virtual

reality for skill acquisition.

The findings of this mearch may be used for academic publications and presentations and will be

dzZaSR (26l NRa (GKS NBaSI NOKSNR& ljdz- t ATFTAOFGA2ya F2N
How was | identified and why am | being invited to participate in this research?

You have receivethis information sheet because you are a Softball NZ umpire of level 6 to level 7
who expressed interest in participating in this research and were subsequently invited to a meeting

and/or hui for experpanel umpires.
How do | agree to participate in tkiresearch?

A Consent Form is required to be read and signed by you the participant which is obtained at the
same time as the information sheet. Your participation in this research is voluntary (it is your choice)
and whether or not you choose to partieife will neither advantage nor disadvantage you. You are
able to withdraw from the study at any time. If you choose to withdraw from the study, then you will
be offered the choice between having any data that is identifiable as belonging to you removed or
allowing it to continue to be used. However, once the findings have been produced, removal of your

data may not be possible.
What will happen in this research?

You will be asked, alongside two other expert umpires, to view various videos of previously
broadcasted Softball NZ games, and determine if a runner is safe or out. You will watéh 20 3
second videos from previously broadcasted Softball NZ games, an8 28c®dnd 360°VR videos
from the 2020 Vic Guth NZ Softball Tournament. There will be &déwend-long black screen

between each video, for both formats. You may use this period to mark your call on the provided
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paper. Thus, the total viewing length for each video format will last approximately 2.5 to 3.5

minutes, totalling approximately 5 to 7 mitas total viewing time.

Previously broadcasted Softball NZ games will be watched alongside your fellowgapelrpeers

on a provided computer and projector screen, while the 360°VR videos will be watched solo via a
provided Samsung Gear VR headset &tsched picture). When switching from broadcast video
format to 360°VR format, there will be a om@nute break for participants. Participants waiting to
use the VR headset can expect to wait an estimated 2.5 to 3.5 minutes, plus 10 seconds for
antibacteial cleaning of the headset by the researcher. The researcher will instruct you on the

proper use of the VR headset prior to commencement of video viewing.

After watching all broadcast videos please attempt to arrive at a consensus with your fellewr exp

panel peers on the correct call of 10 plays and inform the researcher of your decisions. You will be

given 30 minutes to arrive at consensus decisions, and may review the videos as much as needed

during this time. After all experts finish watching tB@0° VR videos, please discuss amongst your

peers and come to a consensus agreement on the correct call of 10 plays. You will be given 30

minutes for this task and may use the VR headset to view the videos as much as needed during this

period. The total gpected time to discuss calls amongst your peers for both formats is

approximately 1 hour. The researcher will disinfect the headset with antimicrobial wipes between

SIFOK LI NGAOALNI yiQa dzaSed ¢KS&S RSOAaAgsoa ogAfft I (

making for other research participants
What are the discomforts and risks?

It is not anticipated that participants will experience discomfort, which would be greater than that

occurring as part of their normal video viewing experiences.

There coulde some discomfort when wearing the VR headsets.



How will these discomforts and risks be alleviated?
The expert panel participants may opt out of the research at any time.
What are the benefits?

This research will provide a novel way of coaching tiaatnot been done and will likely improve
LJ- NI A OA LI -ghakiagtabili®y SItQvill aldo pryvide insights into ways to further enhance

training methods.
For softball umpires:

The potential benefits are directly correlated with their umpire duties eSthbenefits include
improved decisiormaking in softball games. This research may benefit thedegsrienced
umpires, and serve as a method to improve their skills, potentially accelerating their development

and ascension to a level 7 qualification.
Fa the researcher:

The research serves as a requirement for obtaining his Masters in Sports and Exercise from AUT.
Additionally, the research can improve his skills and knowledge in this particular realm. It is hoped

that this research can serve as a pofahspringboard towards future research.
For the wider sports science community:

This research can add to the body of knowledge on Virtual Reality and training deuigkamng in
sports officials. At present, there is a gap in the literature on this stbjeis hoped that this
research can inform future researchers on this particular area, as well as sports officials in other

sports.

How will my privacy be protected?
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Confidentiality of experpanel umpires will be ensured via ID number assigned to tfieen
researcher will only see their names on the consent forms, and thus these names will not be

associated with the decisions of these participants).

Only the primary researcher and supervisors will have access to data from the participants. This data
will be kept in a secure data storage facility. All data will be deleted. Consent forms will also be kept

in the same secure storage facility, and will be destroyed via paper shredder after six years.
What are the costs of participating in this research?

Thetotal time umpire participants will be required to give to the project will be approximately 1.5

hours.

What opportunity do | have to consider this invitation?

Participants will have two weeks to consider the invitation.

Will | receive feedback on the re#s of this research?

' FGSNI GKS NBaSI NOKQa O2YLX SiiaAzy> FSSRol O1 2y GKS
Will | receive any compensation for participating in this research?

For their efforts, expert panel participants will receive koha in the fofra petrol or supermarket
gift card with an approximate $25 value. This is not offered as an inducement to participate, but as a

G21Sy 2F FLILINBOAFGAZ2Y FNRBY (GKS NBaSINOKSNI F2NJ iK
What do | do if | haveeoncerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the

Project Supervisor, Kirsten Spencer, kirsten.spencer@aut. 81821 9999 7239

Concerns regarding the conduct of the resgrashould be notified to the Executive Secretary of

AUTEC, Dr Carina Mearethics@aut.ac.nz921 9999 ext 6038.



Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for yoig feference. You

are also able to contact the research team as follows:
Researcher Contact Details:

Keone Kaiser, keone.kaiser@gmail.com, 02108354696
Project Supervisor Contact Details:

Kirsten Spencer, kirsten.spencer@aut.acO®921 9999x 7239

Approved by the Auckland University of Technology Ethics Committee 0f8/7/202Q AUTEC Reference numberl19/449
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Participant Information Sheet (Interview)
Umpires in Softball New Zealand

Date Information Sheet Produced:

30 November 2020

Project Title

Trainingdecisionmaking in softball umpires using 360° virtual reality
An Invitation

Kia Oral!

As a current participant in a research study on decisnaking in softball umpires using 360° virtual
reality, you are invited to participate in an interview to provigduable insight on your experience
as a participant. Your experiences and opinions will provide crucial information and direction to the

research.
What is the purpose of this research?

By combining 360°video of crucial softball plays (4base) and R technology, this research seeks
to determine if VR technology can be utilised to improve decisiaking of sports officials. The
research compares whether training umpire decisinaking is enhanced through the 360° VR

training footage compared to usirpftball NZ broadcast video.

As such, the novel research will inform sports scientists, coaches and the wider softball community
on methods to improve umpire decisianaking performance, and methods implementing virtual

reality for skill acquisition

Thefindings of this research may be used for academic publications and presentations and will be

dza SR G2¢FNRa&a (KS NBaSI NOKSNRa ljdz ft ATAOFGA2Y A
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How was | identified and why am | being invited to participate in th&search?

You have received this information sheet because you are a current participant in my study on
training decisiormaking in softball umpires using 360° virtual reality, and notified me on an earlier
consent form that you wanted to receivemailedresults of your earlier participation. | hope that

you are willing to also provide me with feedback on your experiences via an online interview.

How do | agree to participate in this research?

By completing the consent form provided alongside this inforarasheet, scanning or taking a
picture of the signed consent form, anehaailing it to the researcher. Your participation in this
research is voluntary (it is your choice) and whether or not you choose to participate will neither
advantage nor disadvange you. You are able to withdraw from the study at any time. If you choose
to withdraw from the study, then you will be offered the choice between having any data that is
identifiable as belonging to you removed or allowing it to continue to be used. Hawence the

findings have been produced, removal of your data may not be possible.

What will happen in this research?

We will schedule a orbour period of time to conduct an interview via Zoom, Google Meet, Skype,
or phone call. Please choose whateverthoel is most convenient and comfortable with you. During
that interview, | will ask you seven questions. Your responses will be recorded via video and audio
formats, supplemented by written notaking by me. Your interview will be recorded with the

Otter software program, which will also assist me with transcribing the interview. After transcription
is complete you have the option of receiving a copy of the transcript-wiaie The interview will be
analysed using the NVivo software data analysis pragfata from the interview will then be
generated and compiled with data from the earlier components of the study to better inform the

results and research recommendations.
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What are the discomforts and risks?

It is not anticipated that participants wilkperience discomfort unless they are uncomfortable with

using video chat technology and programs, in which case a phone interview will be conducted.
How will these discomforts and risks be alleviated?

Participants may opt out of the research at any poiptta publication of the findings.

What are the benefits?

This interview will provide an additional lens to supplement the findings from the earlier phase of

this research.
For softball umpires:

the potential benefits are directly correlated with theimpire duties. Your feedback can help shape
the future of training SNZ umpire decisidvil { Ay 3 G KNR dzZaAK NBadz GAy3 | Radzi

deployment.
For the researcher:

the interview data serves will help the researcher produce a more comprehethgsis submittal,
which is a requirement for obtaining his Masters in Sports and Exercise from AUT. Additionally,
interview feedback can improve his skills and knowledge in this particular realm. It is hoped that this

research can serve as a potentialisgboard towards future research.
For the wider sports science community:

interview data can add to the body of knowledge on Virtual Reality and training deaisikimg in
sports officials. At present, there is a gap in the literature on this subjasthtiped that this
research can inform future researchers on this particular area, as well as sports officials in other

sports.



How will my privacy be protected?

Confidentiality of umpires will be ensured via ID humber assigned to them (the researchmrlyvill
see their names on the consent forms). If the interview was via online video, for privacy concerns

these videos will be deleted immediately after transcription.

Only the primary researcher and supervisors will have access to data and consent tomtiser
participants. Data and consent forms will be kept separated in a secure data storage facility. Data

and consent forms will be deleted after six years.

What are the costs of participating in this research?

The total interview time is expected to take longer than 45 to 60 minutes of your time. If the
participant chooses to review the transcription of their video, the total time commitment will be

approximately 90 to 120 minutes.

What opportunity do | have to consider this invitation?

Participants wil have two weeks to consider the invitation.

Will | receive feedback on the results of this research?

Feedback on the overall summary of results as well as a copy of the interview transcript will be

provided by way of email.

Will | receive any compensain for participating in this research?

For their contribution to the research, umpire participants will receive koha in the form of a petrol or

supermarket gift card with an approximate $25 value.

What do | do if | have concerns about this research?

Any cacerns regarding the nature of this project should be notified in the first instance to the

Project Supervisor, Kirsten Spendérsten.spencer@aut.ac.n@9 921 9999 7239
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Concerns regarding the conduct of the research should be notified to the Executive Secretary of

AUTEC, Dr Carina Mearethics@aut.ac.nz921 9999 ext 6038.

Whom do | contact for further information about this research?

Please keep this Information Sheetid a copy of the Consent Form for your future reference. You

are also able to contact the research team as follows:

Researcher Contact Details:

Keone Kaisekeone.kaiser@gmail.con®2108354696

Project Superisor Contact Details

Kirsten Spencekirsten.spencer@aut.ac.n@29 9219999 x7239

Approved by the Auckland University of Technology Ethics Committee 0r15/12/2020 AUTEC Reference numberl19/449.
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Consent Form

Project title:  Training decisioimaking in softball umpires using 360° virtual reality (VR)

technology

Project Supervisor:  Dr Kirsten Spencer

Researcher: Keone Kaiser

1 I have read and understood the information provided about this research project in the
Information Sleet dated10 December 2019

1 I have had an opportunity to ask questions and to have them answered.

1 | understand that taking part in this study is voluntary (my choice) and that | may withdraw

from the study at any time without being disadvantaged in amay.

1 | understand that if | withdraw from the study then | will be offered the choice between
having any data that is identifiable as belonging to me removed or allowing it to continue to be used.

However, once the findings have been produced, remofratlypdata may not be possible.

B | am not suffering from heart disease, high blood pressure, any respiratory condition (mild

asthma excluded), any illness or injury that impairs my physical performance, or any infection

B | agree to take part in this reaech, participating in training using VR.
1 | agree to have my data stored for 6 years in the SPRINZ databaseN¥es
1 | give permission for my data recorded from this research to be used for future research
projects:
Yes Not
1 I wish to receive a summary of the research findings (please tick oné): YesNo!
1 | give consent for my videos to be used for purposes such as media around this research if

they are chosen (please tick one): ¥eNo!



i | give consent for anyhmtographs related to this research to be used for purposes such as

media around this research if they are chosen (please tick oné): Yado!

1 | permit the researcher to use the videos that are part of this project and/or any pictures
from them and any dter reproductions or adaptations from them, either complete or in part, alone
or in conjunction with any wording solely and exclusively for (a) the research; and (b) educational

exhibition and examination purposes and related design works.

1 I understand lhat the videos/photographs will be used for academic purposes only and will

not be published in any form outside of this project without my written permission.

L | understand that any copyright material created by the photographic sessions is deemed to

be owned by the researcher and that | do not own copyright of any of the photographs.

tF NIAOALNI Yy QAPAREGFPAENBF PO PDPDPDDPDPDPPDDPDPPDPDPDPDPDPDPDDDG
t I NOGAOALN V.4.Q&.. .YV L.Y.S Y. XXXXXXXXXXXXXXXXXXXX

t FNGAOALI yiQa /2yidFOG 5SGFAfa 6AF | LIINBLNRIFGSOY
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDPDXXXXXXXXX DDX X

Date:
Approved by the Auckland University of Technology Ethics Committee on 10/12/2019 AUTEC

Reference number 19/449
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Consent Form

Project title:Training decisiormaking in softball umpires using 360° virtual reality (VR)
technology

Project Supervisobr Kirsten Spencer

ResearchelKeone Kaiser

1 I have read and understood the information provided about this research project in the
Information Sheet date@2 June 2020

1 I have had an opportunity to ask questions and to have them answered.

1 | understand that taking part in this study is voluntémy choice) and that | may withdraw

from the study at any time without being disadvantaged in any way.

1 | understand that if | withdraw from the study then | will be offered the choice between
having any data that is identifiable as belonging to me rerdameallowing it to continue to be used.

However, once the findings have been produced, removal of my data may not be possible.
B | agree to take part in this research, participating in training using VR.

1 | agree to have my data stored in the SPRINilitfaocn a memory stick for six years, after

which the data will be destroyed: Yes Not

1 I understand that my data will not be used for future projects
B | wish to receive a summary of the research findings (please tick oné): YesNo!
B | wish to receive a summary of the research findings (please tick oné): Yehlot

t I NIAOALN yERAPARAFPAURNBFO DD D DPPPDDDDDDPPPDDDDDP DG
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t F NIAOALS YO QADPFOIFEFDIPDIPDIDPDIPPIDPPPPDPIDPIPDPIPDPIPDPDPDDPDDPD (G
t I NODAOALI yiQa /2yiGlFOG 5S8SGFAta O0AF | LILINBLNARIGSOY
XXXXXXXXXXXXXXXXX XXX XXX XXX XK PPDXDREEIKIKX X X X X X

Date:

Approved by the Auckland University of Technology Ethics Committ8£/2020 AUTEC

Reference number 19/449
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Consent Form (Interview)

Project title: Training decisiormaking in softball umpires using 360° virtual reality
(VR) technology

Project Supervisor: Dr Kirsten Spencer
Researcher: Keone Kaiser

1 I have read and understood the information provided about this research project in the

Information Beet dated4 December 2020
1 | have had an opportunity to ask questions and to have them answered.

1 | understand that taking part in this study is voluntary (my choice) and that | may withdraw

from the study at any time without being disadvantaged in amy.

1 I understand that if | withdraw from the study then | will be offered the choice between
having any data that is identifiable as belonging to me removed or allowing it to continue to

be used. However, once the findings have been produced, reméway adata may not be

possible.
1 | understand that | will be video recorded and also that the interview will be transcribed.
1 I understand that notes will be taken during the interview.
B | agree to have my data stored in the SPRINZ fagility memory stick for six years, after

which the data will be destroyed: YesNo;j

B | understand that | can request a copy of the transcribe recording for review and editing.
1 I understand that my data will not be used for future projects.
1 | agree to take part in this research.

1 | wish to receive a summary of the research findings (please tick ong): YedNoj



tF NIAOALNI Yy QAPAREGPAENBFDPDDPPPDDPDPDPPDDDPDPPDPDPDPDPDPDDDG
t F NGAOALL Yy QADPFPFEFOIDDDDDPDDPDPDPDPDDDDDDDDPPDPDDDDDD DG
t FNGAOALI yiQa /2yidFOG 5SGFAfa 6AFT |LIIINBLINRIFGSOY
XXXXXXXXXXXXXXXXXXXXXXXX XX XK XBODXDRKIKIKRKX X X X X X

Date:

Approved by the Auckland University of Technology Ethics Committé&/d&/2020 AUTEC

Reference number 19/449
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Auckland University offechnology Ethics Committee (AUTEC)

Auckland University of Technology

D-88, Private Bag 92006, Auckland 1142, NZ
T: +64 9 921 9999 ext. 8316
E:ethics@aut.ac.nz

www.aut.ac.nz/researchethics

10 December 2019

Kirsten Spencer

Faculty of Health and Environmental Sciences
Dear Kirsten
Re Ethics Application: 19/449 Training decisioamaking in softball umpires using 360 virtual reality

Thank you for providing evidence esquested, which satisfies the points raised by the Auckland University of Technology

Ethics Committee (AUTEC).
Your ethics application has been approved for three years until 10 December 2022.
Non-Standard Conditions of Approval

1. In the Information Shedbr the umpires wearing the camera, insert advice that they are to conform with the 2019
WBSC Softball Field Mechanics 3 & 4 Umpire System guidelines for safety.

Non-standard conditions must be completed before commencing your studystawolard conditios do not need to be

submitted to or reviewed by AUTEC before commencing your study.
Standard Conditions of Approval

1. The research is to be undertaken in accordance withubleland University of Technology Code of Conduct for

Researctand as approved by AUTEC in this application.

A progress report is due annually on the anniversary of the approval date, using the EA2 form.

A final report is de at the expiration of the approval period, or, upon completion of project, using thflefeA3

Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can be

requested using the EA2 form.

5. Any serious or unexpected\erse events must be reported to AUTEC Secretariat as a matter of priority.

6. Any unforeseen events that might affect continued ethical acceptability of the project should also be reported to the
AUTEC Secretariat as a matter of priority.

7. It is yourresponsibility to ensure that the spelling and grammar of documents being provided to participants or
external organisations is of a high standard.

PN
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AUTEC grants ethical approval only. You are responsible for obtaining management approval for accessdeeguh
from any institution or organisation at which your research is being conducted. When the research is undertaken outside New

Zealand, you need to meet all ethical, legal, and locality obligations or requirements for those jurisdictions.
Please qote the application number and title on all future correspondence related to this project.

For any enquiries please contattics@aut.ac.nZ'he forms mentioned above aeilable online through

http://www.aut.ac.nz/research/researchethics

Yours sincerely,

(Yorar

Kate O Connor
Executive Manager

Auckland University of Technology Ethics Committee

Cc: keone.kaiser@gmail.com; simon.walters@aut.ac.nz; kevin.sheeltyg@.nz
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Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology

D-88, Private Bag 92006, Auckland 1142, NZ
T: +64 9 921 9998xt. 8316
E:ethics@aut.ac.nz

www.aut.ac.nz/researchethics

3 July 2020

Kirsten Spencer

Faculty of Health and Environmental Sciences
Dear Kirsten
Re Ethics Application: ~ 19/449 Training decisioamaking in softball umpires using 360 virtual reality

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of

Technology Ethics Committee (AUTEC).

Your ethics application for stage twil¢ formation of anexpert panel, its video selections of 2D broadcast and 360°
VR videos, data collection @D and 360°VR video play assessments by umpires, and ecological survey data

collection) has been approved for three years until 3 July 2023.
Non-Standard Conditions of Approval

1. Removal from both Information Sheets of statements appropriate to Stage One of the research, for example,
the sentence in the ‘an invitation’ section that st
inthe consentformandas o need to explicitly consent to having

Non-standard conditions must be completed before commencing your studystatalard conditions do not need to

be submitted to or reviewed by AUTEC before commencing your study.
Standard Conditions of Approval

1. The research is to be undertaken in accordance withutidand University of Technology Code of Conduct
for Researic and as approved by AUTEC in this application.

2. A progress report is due annually on the anniversary of the approval date, using the EA2 form.

3. Afinal report is due at the expiration of the approval period, or, upon completion of project, using the EA3
form.

4. Any amendments to the project must be approved by AUTEC prior to being implemAnteddments can
be requested using the EA2 form.

5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.
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6. Any unforeseenwents that might affect continued ethical acceptability of the project should also be reported
to the AUTEC Secretariat as a matter of priority.

7. ltis your responsibility to ensure that the spelling and grammar of documents being provided to participants
or external organisations is of a high standard and that all the dates on the documents are updated.

AUTEC grants ethical approval only. You are responsible for obtaining management approval for access for your
research from any institution or organisatairwhich your research is being conducted and you need to meet all
ethical, legal, public health, and locality obligations or requirements for the jurisdictions in which the research is being

undertaken.

Please quote the application number and title ofutlte correspondence related to this project.

For any enquiries please contattics@aut.ac.nZhe forms mentioned above aeilable online through

http://lwww.aut.ac.nz/research/researchethics

(This is a computegenerated letter for which no signature is required)

The AUTEC Secretariat

Auckland University of Technology EthicsCommittee

Cc: keone.kaiser@gmail.com; simon.walters@aut.a&ezn.sheehy@aut.ac.nz
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Auckland University of Technology EthiC@mmittee (AUTEC)

Auckland University of Technology
D-88, Private Bag 92006, Auckland 1142, NZ
T: +64 9 921 9999 ext. 8316

E:ethics@aut.ac.nz

www.aut.ac.nz/researchethics

15 December 2020

Kirsten Spencer
Faculty of Health and Environmental Sciences

Dear Kirsten

Re: Ethics Application: 19/449 Training decisiommaking in softball umpires using 360 virtual reality
Thank you for yourequest for approval of amendments to your ethics application.

The amendment to the recruitment and data collection protocols (follow up interview) has been approved.
| remind you of theStandard Conditions of Approval

1. The research is to be undertakenancordance with theuckland University of Technology Code of

Conduct for Researdnd as approved by AUTEC in this application.

A progresseport is due annually on the anniversary of the approval date, using the EA2 form.

3. Afinal report is due at the expiration of the approval period, or, upon completion of project, using the
EA3form.

4. Any amendments to the project must be approved by AUTHECtp being implemented. Amendments
can be requested using the EA2 form.

5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of
priority.

6. Any unforeseen events that might affect continued ethical acceptabilithefproject should also be
reported to the AUTEC Secretariat as a matter of priority.

7. It is your responsibility to ensure that the spelling and grammar of documents being provided to
participants or external organisations is of a high standard.

n

AUTEC granggthical approval only. You are responsible for obtaining management approval for access for
your research from any institution or organisation at which your research is being conducted. When the
research is undertaken outside New Zealand, you need to miéethical, legal, and locality obligations or

requirements for those jurisdictions.
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Please quote the application number and title on all future correspondence related to this project.

For any enquiries please contaghics@aut.ac.nZThe forms mentioned above are available online through

http://www.aut.ac.nz/research/researchethics

(This is a computegenerated letter for which no signature is required)

The AUTEC Secretariat

Auckland University of Technology Etsi Committee

Cc: keone.kaiser@gmail.com; simon.walters@aut.ac.nz; kevin.sheehy@aut.ac.nz
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Questionnaire

1. What is your age in years?

O Pl ease speci fy:

O Prefer not to specify

2. How do you currently describe your gender identity?

O Pl ease specify:

O | prefer not to answer

4. If so, how many years of experience serving as an umpire do yod have

O Pl ease specify:

O | prefer not to answer



5. What is your current Softball NZ umpire level?
O Pl ease specify:

O | prefer not to answer

6. Are you planning to advance to the next Softball NZ umpire level?

O ¥Xe

O NoO

7. Approximately how many games have you umpired?

O -2b

O B5®

O &3

O -4

O 1123
O 1150
O 151+
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8. Have you previously participated as a softball player?
O Yes

O No

9. If so, forhow many seasons?

O Pl ease specify:

O | prefer not to answer



Appendix N:Interview Questions
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Training decisiommaking in softball umpires using
360° virtual reality

The indicativanterviewquestions will be as follows:

PwbdE

Which video method for training decistionaking did you enjoy more, and why?
What are some potential advantages of each video training method?

What are some potential disadvantages of each video tran&tigpd?

Did you enjoy making decisions more with the 360° VR technology, or the broadcast
video technology? Please explain.

Is 360 ° VR something you think could be used to train SNZ umpires? Why or why
not?

How did the camera stability of the 360 ° VReadf your experience with the 360 °

VR videos.

Do you think realitylikeness in 360 ° VR videos is essential to training decision
making? Why or why not?



