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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 lacking. Few, if any studies, have demonstrated effective methods for 

improving one of the key tasks of sports officials– accurate decision-making. Officials can 

improve their decision-making by accumulating experience officiating live games, but this 

takes time. As a complement to live-game experience and a way to train decision-making 

outside of a game, decision-making through broadcast video methods has been proposed and 

utilised. However, the ability of these methods to transfer skills to live games has been 

questioned. Due to their first-person perspective and accompanying features, 360° VR videos 

may offer improved decision-making accuracy training alternatives to 2D broadcast videos. 

Purpose: The current study examined and compared the use of 2D Broadcast videos and 

360° VR videos by a cohort of softball umpires (N =17) to 1) assess sports official decision-

making accuracy using 2D Broadcast videos and 360° VR videos; 2) compare Ecological 

Validity values between the 2D and 360° VR videos; 3) assess the connection between 

experience level and video condition; 4) obtain qualitative data on the video conditions 

through interviews of several softball umpires.  

Methods:  A four-stage mixed-methods approach was used to gain more comprehensive and 

complementary results. Quantitative data was primarily gathered during the first three stages, 

while qualitative data was gathered during fourth stage.  The results showed no significant 

differences in decision-making accuracy between the 2D Broadcast videos and the 360° VR 

videos (decision-making accuracy mean of 8.0 +/- 0.9 s.d. for 360° VR, 8.5 +/- 1.5 s.d. for 
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2D broadcast, p = 0.242), and no significant differences in accuracy by experience level on 

either video condition (novice accuracy mean of 8.5 +/- 1.4 s.d. on 2D broadcast and 8.0 +- 

1.0 s.d. on 360° VR, expert accuracy mean of 8.5 +/- 1.7 s.d. on 2D broadcast and 8.0 +/-0.8 

on 360° VR, p=0.961). The 360° VR videos received significantly higher EV values than the 

2D Broadcast videos (7.1 +/- 2.0 s.d. on 360° VR, 4.4 +/- 1.9 s.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 decision-making accuracy tool.  
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Key Terminology 

 

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

perspective in and around a sporting venue 

Virtual Reality (VR) – Technologically-produced simulation of the real world; simulation can 

be interactive or non-interactive 

360° VR – Form of virtual reality produced from filming in 360°; usually non-interactive 

HMD – Head Mounted Display; computer display unit attached to the head 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 leading U.S. professional baseball league 

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

FIFA – Fédération Internationale de Football Association; the leading international football 

association 

Run – The scoring unit in softball of baseball; 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 the ball to the opposing striking team in softball or baseball 

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



Thematic Analysis –Qualitative analysis method involving identification of themes via 

patterns and codes 

EV – Ecological Validity; measure of realism 

Embodiment – Representation of the body in one’s mind in a given simulation experience 

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 
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Chapter 1: Introduction  

Section 1.1 Sport background 

 The striking and fielding sport of fastpitch softball traces its origins back to the United 

States in 1887 and has many similarities to the sport of baseball. The key differences between 

softball and baseball are primarily the size of the ball (roughly 30 cm circumference in softball 

versus 23 cm in baseball), pitching style (underhand in softball versus overhand in baseball), 

number of innings (seven in fastpitch softball versus nine in baseball), and playing area (more 

ground to cover in baseball). Current estimates indicate that approximately 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 world (World Baseball Softball 

Confederation, 2017). In New Zealand, softball was imported by American sailors and first 

played in 1935. Today, softball in New Zealand is primarily played under the jurisdiction of 

Softball New Zealand (SNZ), which counts nearly 35,000 active participants, invested in 21 

associations and 130 clubs (Softball New Zealand, n.d.a). The Black Sox, the national New 

Zealand mens’ team, has continually placed amongst the best in the world in international 

tournaments, winning the World Championships title as recently as 2017. 

 The objective of softball is to score more runs than the other team. This is accomplished 

by a team’s offensive player (batter) striking a ball pitched underhand. Softball NZ Measurable 

Velocity Standards lists the average ball pitch speed at anywhere between 115 to 127 km/h 

(Mygind, 2011) for experienced males, and 106 km/h for experienced females. The pitcher is 

based upon a block, approximately 13-14 m from the batter. A batter/runner must progress 

counter clockwise through a diamond-shaped field consisting of three bases and one home 

plate. Each base is 18.29 m apart (World Baseball Softball Confederation, 2017). After 

successfully striking the ball, the batter/runner must reach a base before a defensive player 



arrives with the struck ball at the same base whilst the batter/runner maintains contact with 

base or plate, otherwise the player is considered out. The offensive player is not required to 

attempt to run through all of the bases in one pass. An out can also occur if the pitcher forces 

the batter to record three strikes (missed bat swing/contact with pitched ball) during their turn 

at bat. Three outs constitute the end of the offensive teams’ inning.   

Section 1.2 Research background 

 The sports officials responsible for deciding whether a player in softball is out or safe 

are known as the umpires, and consist of the plate umpire and base umpires. Each softball game 

endeavours to have a minimum of one plate umpire and one base umpire, though this number 

can increase to three base umpires as needed. The number of umpires in each game can change 

the mechanics/rotation and expectations of each umpire accordingly (World Baseball Softball 

Confederation, 2020a). 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 umpire to track players and balls very differently than each of the 

umpires in a 2 or 3 umpire rotation. Each legally pitched ball that is not hit by the batter is 

called a ball (when a batter does not swing at a pitched ball that does not enter the strike zone 

or touches the home plate or touches the ground before reaching the home plate). An umpire 

calls a strike when any part of a pitched ball enters the strike zone before touching the ground 

and the batter does not swing (provided 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 kneecap). A foul ball is defined as a legally 

hit ball that settles on foul territory between home and first baselines or between home and 

third baselines. The foul territory is an area from the foul line (line between home plate and 1st 

or 3rd bases) and the deadball line (side fence) approximately 8m wide (World Baseball Softball 

Confederation, 2017a). The deadball line or fence is approximately 8 m from the baselines 

(World Baseball Softball Confederation, 2017a).   
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 A base umpire determines if a runner (offensive player after hitting a ball) moving 

between bases is declared as either safe or out, when the offensive player is tagged with a ball 

while the defensive player maintains contact with the base or plate.  This decision is based on 

the umpire observing four variables, known as the four elements, which are the leading edge 

of a base, ball position, fielder (defensive player at the relevant base) position, and runner 

position (Softball New Zealand, 2020a).  Due to the speed of the game, all umpires are required 

to adjudicate as to a safe or out decision within seconds (Szymanski & Fredrick, 2001). No 

video replays are allowed to help adjudicate calls in softball, thus the umpire is expected to 

process and execute accurate decisions quickly. As noted by Softball New Zealand, “as an 

umpire you must be able to demonstrate great rules knowledge, quick decision-making, an 

ability to explain and defend decisions and a willingness to keep the game moving at a steady 

pace” (Softball New Zealand, n.d.b).  

 With the fast-paced requirement of decision-making in softball, any training method 

which can improve decision-making and accuracy is welcome by the umpires. Current sports 

official training methods arguably leave room for improvement across a range of sports, whilst 

most decision-making training literature has been focused on athletes (Kittel et al., 2019).  

Improvements in softball umpire decision-making would not only benefit higher-level 

national/international tournament games, but local and regional games across the world. While 

much of the research used 2D videos, critiques have arisen as to the usefulness of the 2D video 

format (Araújo et al., 2006; Petit & Ripoll, 2008; Helsen et al., 2019).  This thesis seeks to 

examine Virtual Reality (VR) technology, and specifically 360° VR technology, as a possible 

alternative decision-making training device and method for softball umpires.  

 The aim of this research is to investigate the utilisation of using 360° VR technology 

for training decision-making in Softball NZ umpires. Specifically, there are three primary 

research questions this research seeks to address: 



(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 decision-making? 

  (3) Can 360° VR assess decision-making skill accuracy between novice and  

        advanced sports officials?  

A qualitative component will address a fourth research question: 

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

                   decision-making? 

Section 1.3 Research methodology and research design 

 This is a mixed methods study, using quantitative data gathered from participants 

viewing softball plays in two different formats, as well as qualitative data gathered from 

interviews. Venkatesh et al. (2013) have noted that mixed methods research serves seven 

primary purposes: 1) complementarity; 2) completeness; 3) developmental; 4) expansion; 5) 

corroboration/confirmation; 6) compensation; (7) diversity.  For the purposes of this research, 

a mixed methods approach was chosen primarily for completeness and 

corroboration/confirmation purposes. It 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 ‘multimethods’ (for example see Anguera et al., 2018). 

Informing this study positioned within the context of mixed methods research, Venkatesh et al. 

(2013) described completeness as ensuring that a complete picture of a phenomenon was 

provided, corroboration was described as assessing the credibility of inferences from one 

information source. The researcher sought to understand the phenomenon of umpire decision-
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making training as thoroughly as possible, within the constraints of a Master’s level research 

project. 

Section 1.4 Thesis structure 

 Chapter one has introduced softball and its specific sport official needs. The need for 

research into improving decision-making 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 decision-making and outlines how 360° VR for decision-making could improve 

softball umpire decision-making.  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 qualitative components 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 

strengths of the research. 

 

  

 

 

 

 



Chapter 2: Litera ture Review  

Introduction  

 When compared to the sport-related research that has focused on athletes, there is a 

paucity of literature that has focused on the demands of sports officials (Walters et al., 2016). 

The lack of research focus on sports officials is reflected in the real-world experience of sports 

officials where resources and attention are predominantly focused on athletes and sports 

organisations. This was recently highlighted by the COVID-19 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 referees) as an example, although COVID-19 guidelines have been 

developed for athletes and coaches, currently no guidelines have been developed for football 

referees (Castagna et al., 2020).  This neglect of support or interest is, unfortunately, similar 

with regards to the existing research on sports officials and their decision-making processes 

and training. The dearth of literature on decision-making and sports officials, however, presents 

an opportunity to contribute findings to promote future research. This chapter reviews the key 

literature related to this study on sports officials and decision-making, and is divided into four 

sections. The first section details the current methods of sports official decision-making 

training. The second examines two key decision-making theories. Section three focuses on 

representative learning design, and its utility with regards to training decision-making. The 

fourth section focuses on VR’s emerging use in sports, and its suitability for assessing and 

training decision-making. 

Section 2.1 Current decision-making training methods for sports officials 

 In order to execute their decision-making 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 & MacMahon, 2013). To date, 
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sports officials have been required and expected to master the declarative knowledge aspect of 

decision-making through studying manuals and passing tests or exams to demonstrate 

competence (Catteeuw et al., 2009; Gulec, 2019; Samuel 2017).   In football, for example, 

Fédération Internationale de Football Association (FIFA) expects aspiring and current referees 

to understand and apply the Laws of the Game booklet, currently a substantial 229-page 

document replete with football rules and diagrams (The International Football Association 

Board, 2020). In the American National Football League, referees must know and apply the 

Official Playing Rules of the National Football League, currently an 87-page document 

detailing the rules of the game (National Football League, 2020). Softball NZ requires umpires 

to understand the rules and diagrams of different level workbooks. For example, a Level 1 

umpire aspiring to Level 2 umpire rank must know and apply the rules within the Level 2 

workbook (Softball New Zealand, 2020). At the higher end of umpiring levels, those Softball 

NZ fast pitch umpires aspiring for Level 7 rank must know and understand the rules from the 

105-page World Baseball Softball Confederation Umpire Manual: Fast Pitch (World Baseball 

Softball Confederation, 2020b). While reading and comprehending rulebooks are necessary for 

sports officials, in order to gain decision-making expertise sports officials must also learn how 

to apply game rules, otherwise known as procedural knowledge. 

 Perhaps the most-cited method in the literature for training sports officials to improve 

procedural knowledge and decision-making has been 2D broadcast video match analysis 

(Helsen et al., 2019; Kittel et al., 2019a; Mascarenhas et al., 2005). Therein, the vast majority 

of academic literature on decision-making and sports officials has centred on football (Kittel 

et al., 2019a). Whilst the dynamics of football and softball are different, due to limited findings 

related to sports officials, findings from studies on football referees in different parts of the 

world will be extrapolated to the general nature of sports official decision-making literature 

and softball. In one study, trainees in Israel’s national football sports official training program 



(The Israeli Excellence Program), spent approximately 90 hours per season on specific training 

skills, nine hours of which consisted of video match analysis (Samuel, 2017). These nine hours 

consisted of a referee coach and their assigned referee reviewing the trainee’s previously 

recorded performances, and the referee coach giving either personalised feedback to improve 

the referee’s skills, or a more formulaic approach. Additionally, referee coaches and their 

assigned referees used broadcast videos to highlight examples of proficient and poor football. 

Such training methods were viewed as critical for developing professional football referees 

(Samuel, 2017). In England, national football referees watched DVDs of various contentious 

plays on a large screen alongside other referees, after which followed a series of debates, 

discussions, and commentary (Webb, 2014). It was hoped that the insight gained from these 

endeavours would equip referees with sufficient insights and responses towards future 

occurrences of the discussed plays/calls. National football referees in Italy and 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 football official decision-making and 

used specially-designed software features to educate sports officials on specific points of 

interest (Nevill et al., 2013). Noted as a primary benefit of video analysis was the ability for 

sports officials to train their visual and perceptual experience of games without being present 

in a game (Larkin et al., 2017).  Additional cited benefits of video analysis decision-training 

included more control and consistency of training scenarios, and improved video match 

decision-making for sports officials (Larkin et al, 2011; Larkin et al., 2015). Sports officials 

could focus on key contentious plays or calls that occurred or they believe would occur, and 

train to improve their decision-making ability on such plays or calls.  

 Despite the prevalence of video analysis for sports official decision-making training, 

several criticisms have accompanied its use.  Whilst video analysis can help with routine 
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decisions, earlier studies have found that decisions requiring dynamic, time-sensitive tasks did 

not seem to benefit from video analysis training methods (Beach & Lipshitz, 1993; Edwards & 

Newman, 1982; Lipshitz, 1993). More recent critique of video analysis noted that because of 

its third person-perspective, 2D broadcast video analysis was not representative of actual in-

game decision-making demands, thereby diminishing the decision-making training potential 

(Araújo et al., 2006; Petit & Ripoll, 2008; Helsen et al., 2019).  Opportunities for video 

feedback may also be limited 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 superior quantities of video analysis in comparison to Belgian national referees (Gilis et 

al., 2008). Despite the pattern of using video analysis to train decision-making, questions arise 

as to is validity in actually training decision-making. To date, only one study has demonstrated 

a transfer of sports official decision-making ability from video match analysis to real-world 

performance improvement (Nazarudin et al., 2015). One suggested solution to address the 

limitations of video analysis was for sports officials to run actual live simulation games 

(Samuel et al., 2019). 

 In simulations, athletes and sports officials are organized into simulated games to 

review plays and rules (Samuel et al., 2017; Samuel et al., 2019; Webb, 2014). Whilst such 

simulations can capture the contextual, technical, and perspectives of actual games for the 

participating sports officials, the cost in manpower and time is considered prohibitive 

(Armenteros et al., 2018; Samuel, 2017; Schweizer et al., 2011). Additionally, in some 

countries such as Italy and Spain, national football sports officials were 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., 2007). Lastly, there is 

a lack of data to support the efficacy of this method for improving sports official decision-

making (Samuel et al., 2019). Still, if a simulation match has potential to train decision-making, 

actual matches may offer even more potential. 

 Experience has been associated with improved ability across a range of sports. For 

example, there was evidence to suggest that both the number of matches officiated and number 

of years officiated positively correlated with increased decision-making ability for Belgian 

national and FIFA football sport officials (Catteeuw et al., 2009). Rugby sport officials with 

more experience also scored higher on a decision-making accuracy test in a study by Nazarudin 

et al. (2015). In a study on Australian Football League umpires, Corrigan et al. (2018) found 

evidence that greater officiating experience was associated with higher decision-making 

accuracy. Matches, or real games, were thought to offer greater potential for training because 

of their ability to produce pressure and its accompanying effects on decision-making 

(MacMahon, 2007).  However, not all matches yield equal decision-making training results. 

For example, surveyed Belgian soccer sport officials determined that competitive league games 

were richer in decision-making 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 practice theory espoused by Ericsson et al. (1993), 

attaining mastery of a task is multifactorial, but is claimed to require large investments of time, 

estimated at around 10 years following deliberate practice training principles. These deliberate 

practice principles require activities that are goal-directed, require effort, and monitored by an 

expert that provides prompt feedback (Ericsson et al., 1993).  The work by Ericsson et al. 

(1993), whilst originally applied to musicians, has garnered the attention of academics such as 

MacMahon et al. (2007) to study the acquisition of decision-making excellence in sports 

officials. Reflecting on a 2005 paper by Ericsson et al. in which the authors suggested that 
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deliberate practice be used to study expert performance in activities 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 which indicated that football sports officials 

lacked opportunities to train decision-making skills (Catteeuw et al., 2009; Gillis et al., 2008; 

MacMahon et al., 2007). Thus, with fewer training opportunities the importance of match 

officiating certain types of games for decision-making training cannot be overemphasised. The 

difficul ty of gaining expertise in decision-making via officiating real games rests in the time 

required to gain this experience, and the inconsistency of learning opportunities in each game. 

Compared to football sports officials, youth football players were found to 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 decision-making 

training opportunities. The literature on officiating and decision-making for striking and 

fielding sports officials in baseball and cricket suggests the usefulness of different types of 

video analysis for improved decision-making accuracy. 

Section 2.2 Officiating and decision-making for sports officials 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 accomplished by a batsman/batter attempting to strike/hit a thrown (pitched 

or bowled) ball to certain areas of the playing field, while the opposing team attempts to defend 

by catching and returning (fielding) the ball (MoveWell, n.d.). Sports officials in this game 

must be able to locate and adjudicate on the various interactions between players, balls, and 

specific sport markers (bases in baseball and softball, and wickets in cricket). To do so requires 

excellent processing skills (MacMahon & Starkes, 2007).  In the literature for officiating and 

decision-making for baseball sports officials, there was an emphasis on video usage.  



 Baseball is arguably the closest sport to softball in terms of the rules, equipment, 

playing field, athlete, and sports official officiating and decision-making. Although the 

literature on baseball sports officials is limited, the widespread usage of video analysis methods 

for decision-making training was evident, as were the associated benefits. In 2002, the MLB 

(Major League Baseball, the American organisation of professional baseball) approved and 

implemented the usage of a system of networked cameras, called QuesTec in a select number 

of MLB stadiums (Mills, 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 stadiums. By 2009, the Zone Evaluation 

and Feedback system (ZE) had replaced the QuesTec system in all MLB stadiums. Mills (2017) 

explained that the reason the ZE system replaced the QuesTec system was 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 accuracy coinciding with the years it was used 

(Mills, 2017). Under the ZE system, however, MLB sports official accuracy with pitch calls 

increased from 85.3% in 2008, to 89% in 2014 (Mills, 2017). Additionally, research by Mills 

(2017) demonstrated a link between experience and accuracy, with greater experience being 

associated with greater call accuracy, but less-experienced sports officials benefitting more 

from the ZE system. The benefits of proper video analysis usage were corroborated by Davis 

& Lopez (2015), who reported that MLB sports official accuracy on pitches increased every 

year after pitch tracking data became available. Results of a study using data from the 

Taiwanese professional baseball league, the CPBL (Chinese Professional Baseball League) 

suggested that using regular broadcast video footage and the particular viewing angles from 

this format were not ideal to improve decision-making in sports officials (Hwang & Tsu, 2020). 

With such results, video analysis systems paired with prompt feedback has likely secured its 
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place in the training and improvement of MLB sports officials for years to come.  While MLB 

has used video to help its officials improve their officiating and decision-making and skills, 

cricket has, at least within the literature, embraced automation and artificial intelligence to 

mitigate human errors in its sports officials. 

 Cricket has leaned into using technology to resolve decision-making disputes during 

matches, especially within the context of test cricket matches, which can last for days 

(Shivakumar, 2018). Rather than developing new methods to improve the actual decision-

making skills of cricket sports officials, the academic literature has focused on the development 

and testing of machine learning and digital image processing to assist cricket sports officials 

with determining difficult calls (Iyer et al., 2020; Kowsher et al., 2019; Nelikanti et al., 2021; 

Vinesh & Sujatha, 2015). In a sport where an additional umpire (3rd umpire) is often responsible 

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

with officiating and decision-making. Additional research has tested sound technology to 

determine if a ball and striking bat actually connected (Ting & Chilukuri, 2009).  There is no 

research to suggest that this heavy reliance on technology will take away the human element 

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

there may be perceived 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 responsibilities (Shivakumar, 2018). 

 In summary, a range of methods have been used to train and assist sports officials, 

however in order to understand how best to deploy them, the nuances of the decision-making 

process should be elaborated upon. By investigating the various decision-making theories, the 

variables and factors necessary to study sports officials’ decision-making can be identified and 

used to maximise this study’s effectiveness in assessing the impact of various forms of video 

analysis on game decision-making. 



Section 2.3 Decision-making theories 

 

 Initial theories and models such as cognitivism, information-processing, and closed 

systems attempted to explain general decision-making as the end result of a sequential and 

linear process, using inputs and outputs similar to a computer system (Balagué et al., 2008; 

Araújo et al., 2006; Starkes et al., 2001). For instance, visual data was inputted through the 

Central Processing Unit (CPU, human brain), and specific responses (output) were produced 

from specific cues (input). To illustrate in a sporting context, an offensive player/runner in 

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 before the offensive 

player/runner made contact (input). However, such a theory suggests a simplistic view of 

examining decision-making.   Decisions proceeded from a finite set of choices, and each 

individual’s resulting actions were independent from context (Schmidt & Lee, 1999). 

Furthermore, decision-making was described as an entirely mental process dependent on 

information from the environment to produce choices (Balagué et al., 2008).  Poor decision-

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

improved by identifying and enriching such input gaps (Araújo et al., 2019). 

 The focal point of contention against the traditional approach of improving single 

individual inputs to produce desirable outputs relates to practicality. As noted by Balagué et al. 

(2008), under the input-output 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 when the 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., 2008). While recent research on this type of training has yielded supportive 

findings, the research results seem to be largely confined to laboratory findings and did not 
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provide support to any real-world sports performance transfer effect (Renshaw et al., 2019). 

Essentially, researchers isolated variables of interest without consideration of how the variables 

interacted with each other.  Training decision-making via 2D video illustrated the misalignment 

of research findings with reality (Broadbent et al., 2015; Williams & Grant, 1999). Subjects 

were often asked what decision they would make within a given 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 player positions, viewpoints, inclement weather conditions, 

and rules, all within seconds. To be able to encapsulate these dynamic information inputs 

within a 2D broadcast video and mimic the decision-making process of a softball umpire may 

oversimplify the process. Thus, research findings using the traditional information-processing 

model were sometimes inconclusive (Araújo et al., 2007; Pinder et al, 2011; Stone et al., 2018). 

It is with such a concern that researchers turned to ecological dynamics to more adequately 

explain decision-making (Araújo et al., 2017). 

Ecological Dynamics 

 Ecological dynamics is a theory of decision-making that stems from the work of Gibson 

(1966, 1979). According to this theory, decisions are rooted within the performer/individual-

environment level, and proceed from actions (Balagué et al., 2008).  Ecological dynamics 

differs from the traditional decision-making theory, in that it does not separate context from 

action, but instead suggests that one moves to perceive, and perceives to act (Gibson, 1979).  

Ecological dynamics suggests that there is a continually evolving co-regulation of individual-

environment factors/constraints (known as affordances), notably individual, task, and 

environment (Seifert et al., 2019). At any moment, these factors shape each other and the 

decisions, while the decisions also influence these factors (Davids et al., 2013). Araújo et al. 

(2006) noted that it “…is from this cyclical process of searching for information to act and 



acting to acquire information that decisions emerge” (p.20). Because of all the possible factors, 

decisions were considered unique and individualised. In softball, these can be expressed 

through the different ways an umpire might call a safe/out play. For example, the umpire’s past 

experience(s) with a player’s performance (individual constraint) may lead that umpire to think 

that an offensive player sliding into second base was unable to slide fast enough to touch the 

base before the defensive player touched the player (task), especially if the umpire’s view was 

partially obstructed (environment).  The 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 decision-making process (Araújo et al., 

2017), as this detracted 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, such as an obstruction by the defensive player, and/or 

the afore-mentioned experience with a player, especially when it comes to a critical split-

second decision. One relevant method of designing programs to assess or train decision-making 

with these concepts is known as representative learning design. 

Section 2.4 Representative Learning Design 

 Representative learning design suggests that effective learning in training or research 

occurs when the conditions of the training or research represented the setting to which the 

results were directed (Araújo et al., 2007). Originally developed by Brunswik (1952, 1956), 

this theory of learning design aligned with Gibson’s idea on the individual-environment 

interactivity, and perception-action coupling (Pinder et al., 2011). This required the individual 

to call upon the various information sources needed to make decisions, which often required 

movement to gain the information (Davids et al., 2015). Thus, a softball umpire who watched 

a softball game in the comfort of their home would not have been able to access all the 

information and perceptual cues needed to make the decision as the umpire who participated 
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in the game and was able to scan around the playing area while moving into a position to gather 

the necessary decision-making information. As with ecological dynamics, representative 

learning espoused the individuality of learning, as the variables needed to optimise learning 

vary from person to person.   Representative learning design shared some of the same criticisms 

against the traditional approaches as ecological dynamics, 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 decision-making 

skills, representative learning becomes relevant due to its attention to matching game decision-

making inputs to training design. If one designed a method to train softball umpires that did 

not account for 2 and 3 umpire system rotation as well as individual umpire movement, for 

example, the ability for the umpire to produce a game-like decision within the training method 

would be impacted. Similarly, creating a pure digital softball game environment and using this 

environment to improve softball umpire decision-making may yield vastly dissimilar decision-

making processes and results.  

 Representative learning design presents itself as a systematic method to improving 

decision-making in softball umpires but could also benefit from incorporating 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 accuracy 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 value. In designing training or research to 

assess decision-making, the strength of such cues must be estimated, as well as their 

relationship with each other understood, in order to allow an individual the chance to act upon 

the relevant information and make a decision that carries/transfers into the desired performance 

context (Araújo et al., 2019). 



  Studies on decision-making training have suggested that lower-skill level sports 

officials seem to view 360 °VR video decision-making as more game-like than experienced 

umpires (Kittel et al., 2019b). Perhaps lower-skilled umpires require more information inputs 

and connections between experiment and real-life conditions to produce sound decisions and 

can become better decision-makers by training with such inputs and connections. The concept 

of action fidelity may help 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 exactly (Araújo et al., 2019). For example, a retail flight 

simulator system need not produce the same graphical realism or even host the same features 

as a much pricier commercial flight simulator, as long as the desired results are the same (for 

example, learning low-altitude flight). To a softball umpire certain information such as field 

colour, wind conditions, and player uniforms may not be pertinent for decision-making.  

Instead, factors such as the optimum viewing distance, player kinetics, and ball kinetics are 

considered crucial for softball umpire decision-making. For those looking into training 

decision-making in softball umpires, it is crucial that these decision-making 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 factors involved in training 

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

2011; Pinder et al., 2015).  One technology which might be able to bridge the concepts of 
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representative learning, action fidelity, and ecological validity into trainable decision-making 

in softball umpires is Virtual Reality. This is due to its high degree of adjustable individual, 

environment, and task variables.  

Section 2.5 Virtual Reality for Sports and Decision-Making 

 Virtual reality (a simulated experience of the real world through various technological 

means) has 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 real-world 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 been used to train goalkeeper responses, demonstrating a 

connection between VR’s visual uptake abilities and resulting athlete movements (Vignais et 

al., 2009). Preliminary research suggested that VR promoted longer-term learning retention 

and real-game skill transfer in baseball and basketball skills compared to alternative methods 

(Gray, 2017; Page et al., 2019).  It has also been utilised to promote desired training behaviour 

in rowing strategy adaptations (Hoffman et al., 2014). In American Football, VR users 

demonstrated improvements in decision making in recognising and adapting to opponent 

formations (Huang et al., 2015), while in Rugby Union VR use was correlated with improved 

decision-making in recognising opponent gaps (Watson et al., 2011).  Another form of VR, 

360° VR, has presented itself as a promising candidate for sports official decision-making 

training. Rather than using computer-generated and/or fully interactive virtual environments, 

360° VR uses 360° video footage from cameras, and this footage can then be uploaded into an 

HMD (Head Mounted Display). Essentially, the user sees whatever the camera filmed. Kittel 

et al.’s (2019b) research suggested that 360°VR could be used to differentiate skill level 

between novice and expert level Australian Rules Football referees.  VR technology was used 

to assess the preferred tactical formations of football goalkeepers within a free kick situation 



(Brault et al., 2015). With its increasing use in the sports domain for training athletes, recent 

research also supports using VR to also train decision-making 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 

decision-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 allocentric (3rd person) view, softball 

umpires in VR experience the game through an egocentric (1st person, as their perspective 

would naturally be in a game) view. As per the principles of representative learning, this first-

person perspective would allow an umpire to move their view to acquire information as they 

would in a game, which may facilitate a more game-like processing of the myriad factors 

needed for decision-making (Craig, 2013). By effectively deploying the identified relevant 

variables necessary for softball umpire decision-making (e.g., ball, plate, and player locations) 

in a seamless and co-interacting method, the action fidelity of a VR training program is greatly 

augmented, which might result in trainable and desired decision-making outcomes. A VR 

system can also produce higher ecological validity values because of its programmable cue and 

criterion factors, which may result in more effective decision-making training outcomes for 

softball umpires. 

 Presence, or the sense of being in an environment or place, even when one knows that 

they are not truly there, is a technology that VR is ideally suited to facilitate (Heeter, 1992; 

Slater, 2009). Owing to its ability to generate a simulated world through high resolution 

graphics or actual video footage, and ability to occlude their view to within a specific setting, 

VR could come closer to helping a VR user believe they are in the middle of a professional 

team’s stadium during game-time.  In a study by Gulec et al. (2019) which used a virtual 

football stadium with virtual fans, participants rated the experience of being in the virtual 
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stadium as more realistic than watching the stadium on a 2D monitor. A benefit to VR, as 

opposed to watching broadcast video, would be a higher likelihood of being able to access and 

utilise many of the relevant cues umpires use for decision-making when they are in-game, 

because to some extent they would be ‘in-game’. This, in turn, would develop training 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 

the system’s ability to use Sensorimotor Contingencies (Slater, 2009). Sensorimotor 

Contingencies are essentially how an individual goes about acquiring information. For 

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 using a Head Mounted Display (HMD) allows the umpire to turn 

their head and look in the same direction of a play, at perhaps the same angle, as if they were 

in a real game. As explained by ecological dynamics theory, an argument could be made that 

both presence and immersion align to help establish and maintain a continual perception-

action/decision loop, thus establishing firm groundwork for VR’s ability to train decision-

making in softball umpires.  

 Another related VR concept, embodiment, further adds to the decision-making training 

potential of VR. Tangential to the concept of presence, embodiment refers to the representation 

of one’s body in the brain and incorporates vision, proprioception, touch, interoception, 

vestibular senses, and motor control (Kittel et al., 2020). Research by Bohil et al. (2011) 

positively correlated embodiment with a higher potential for change and longer-lasting 

behavioural changes. Compared to screen-based technology, HMD units (such as VR HMDs) 

are more likely to produce greater embodiment values. Adding to the value of VR, findings by 

Riva et al. (2019) suggested that VR enhanced embodiment, which was largely due to the 

stereoscopic/binocular vision of VR recruiting more visual cues for decision-making (Craig, 

2013; Howard, 2012). For softball umpires, training with VR’s greater ability to furnish the 



environment necessary for presence and embodiment may yield more effective decision-

making training benefits compared to traditional 2D broadcast video.   

Section 2.6 Virtual Reality Sickness 

 Despite VR’s potential for training decision-making in sports officials, Virtual Reality 

Sickness, or VR Sickness, has arisen as a hindrance to such potential fulfilment. VR Sickness 

symptoms include nausea, discomfort, disorientation, dizziness, and blurred vision (Saredakis 

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 

& Ferrè, 2018). While its exact cause is currently unknown, VR Sickness was correlated with 

content, field of view, software, duration of VR exposure, and hardware factors (Davis et al., 

2014; Gallager & Ferrè, 2018; Hoffman et al., 2008; Howarth & Hodder, 2008). The Sensory 

Conflict Theory, developed to explain motion sickness but adapted to explain VR sickness, 

postulated that the afore-mentioned symptoms arose due to a conflict between vestibular, 

visual, and proprioceptive signals (Kolasinski, 1998; Oman, 1990, Saredakis et al., 2020; 

Somrak et al., 2019). Essentially, one’s visual information and vestibular information is not 

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 sickness levels post-simulator, the Simulator Sickness Questionnaire (SSQ) has 

gained prominence as an assessment tool for VR Sickness (Gersak et al., 2020; Saredakis et 

al., 2020;), with higher SSQ score numbers indicating greater levels of VR Sickness. Research 

by McQuarrie and Steed (2017) suggested that 360°VR produces greater levels of VR sickness 

than 2D television. Thus, any research attempting to utilise 360°VR technology should be 

informed about the potential impacts of Virtual Reality Sickness, as its severity can impact the 

experience and feedback of participants. In order for 360° VR to be used on a large scale by 

softball umpires, VR Sickness’s effects must be accounted for, and mitigated, possibly by 
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adjusting the field of view or minimising extraneous motion in the VR videos (Lim et al., 2020; 

Kim et al., 2019). 

Conclusion 

 To conclude, current sports official training methods and decision-making theories 

strongly suggest there is room for improvement. While not intended as a substitute for decision-

making training learned from officiating real games, 360° VR may offer a very promising 

training complement. This is primarily due to its potential to tap into the concepts of ecological 

dynamics, representative learning, action fidelity, presence, and embodiment to a potentially 

further extent than traditional 2D broadcast videos. Furthermore, 360° VR 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 on sports official decision-making training using 

various training technology modalities. 

 

 

 

 

 

 

 

 



Chapter 3: Methods 

 This research is situated within a post-positivist paradigm acknowledging that 

knowledge is socially constructed (Ryan, 2006). The characteristics of post-positivism 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 approach, adopting the methods most suited to answer 

the research questions. 

 This pragmatic mixed-methods study consisted of four progressive stages. Stage 1 

consisted of softball video clip collection in 2D Broadcast and 360° video formats. Stage 2 

consisted of 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 360° VR formats. Collectively, data from stages 1–3 served 

as the quantitative component of the study. A 2x2 cross-over quantitative analysis measured 

the performance indicator of umpire decision-making accuracy (1–10) under two different 

conditions (2D Broadcast video and 360° VR) at different umpire levels (1–7).  

 In line with a pragmatic approach, the quantitative component was supplemented by a 

qualitative descriptive component to the study (stage 4) and incorporated semi-structured 

interviews. The aim of a qualitative descriptive approach is to provide a description of the 

phenomenon under study, staying close to the data and offering a summary or interpretation of 

the findings using the everyday language of the participants (Sandelowski, 2000).  Interview 

data were analysed using an inductive thematic analysis designed to understand user 

perspectives on the use of 360° VR’s application as a training tool for Softball New Zealand 

umpires. Stage 4 data served as the qualitative component of the study. 
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  As described above, the study was organised 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 questions 1–3 occurring only after stage 3), the ethics approval, study 

design, participants, and data collection in research questions 1–3 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 stage 1 of the study). An 

overview of the stages is provided below. 

Stage one: This 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 2020 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 decision-making plays (n=30).  

Stage two: An expert panel (n=3) evaluated 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 three: Softball umpire decision-making for both conditions (2D broadcast and 360° VR) 

were evaluated for both accuracy and perceived ecological validity of each condition. Each 

umpire (n=17) viewed both conditions with a washout period in between (a technique used to 

ensure that the effects of one research treatment do not carryover into the next treatment). The 

cross-over design was chosen to maximise the statistical power of the study given the limited 

pool of potential participants. 

Stage four: Three umpires were interviewed using a semi-structured interview format to gather 

interviewee perspectives on their 2D Broadcast and 360° VR video viewing. Seven questions 

were asked that were designed to gain deeper insights into their own experiences. All 

interviews were conducted remotely over Zoom video. Guided by a qualitative descriptive 



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 elements, as specified by the 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) is called ‘out’ if two scenarios occur (Figure 1): 

1. When the base player (defensive 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 bag. 
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Figure 1  

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

 

 

Runner on 1st base; U1= Umpire 1, U2= Umpire 3, U3= Umpire 3, P= Plate Umpire; White figure is offensive player 

approaching base 2 from base 1; Line with circular end = ball path; Arrows from umpires equals suggested movement of 

umpires based on ball path 

  

Cultural Considerations 

 Cultural considerations were discussed in a conversation with a head Softball NZ 

umpire official of Māori descent to ensure that the study was culturally sensitive and respectful. 

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 to the Te Tiriti o Waitangi’s three guiding 

principles of partnership, participation, and protection. 

Video Equipment for Second Base Decision-Making 

 The 360° VR video footage was 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 360 camera 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. 



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 decision-making. 

Figure 2 

 Filming Equipment 

 

 

 

 

 

 

 

                      

 

                                                                                                            

Research questions 1–3 

Ethics approval 

 Ethical approval for the research was obtained from Auckland University of 

Technology Ethics Committee (application reference number 19/449) on December 10th, 2019 

for filming participants in 360° for research question 1. With regards to research questions 2 

and 3, Auckland University of Technology gave approval on July 3rd, 2020, for the expert panel 

a) 

Samsung Gear 

360 Camera 

 

 

 

b) 

VGSION hat 

kit 

c) 

VGSION 

head 

mounting kit 

https://www.amazon.com/VG

SION-Skiing-Bundle-Garmin-
Samsung/dp/B07VBRMHKR 

Copyright by Amazon.com 
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selection and tasks, testing participants’ decision-making accuracy for both video conditions, 

and recording EV values (Appendices J–K).   

Study design 

 Research questions 1-3 used a 2x2 cross-over component (see Figure 4) to answer three 

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 decision-making? 

  (3) Does 360° VR decision-making accuracy differ by experience level? 

The research hypothesis for each of the afore-mentioned questions was: 

 (1) Decision-making accuracy will be higher for the 360° VR videos than the 

                 2D Broadcast videos. 

 (2) EV values will be higher for the 360° VR videos. 

 (3) 360° VR decision-making 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).  

 

 



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 Badge Umpire National 

6 Senior NZ Umpire National 

7 Certified WBSC Umpire International 

WBSC = World Baseball Softball Confederation 

 

 A higher-level 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 international game. 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).  
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Table 2 

Participant Demographics 

Participant 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 1 AB 

4 34 M 4 9 BA 

5 46 M 2 1 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 8 BA 

16 69 F 3 8 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. The researcher 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 sheets (Appendices A–F). Interested umpires were given a consent 

sheet to sign and return to the researcher (Appendices G–I). Participants were given the 

opportunity to opt out of the research at any point during the data collection. After consultation 

with a SNZ umpire expert, umpires were grouped into novice (Levels 1–4) and advanced 

(Levels 5–7).  Only second-base umpires were selected due to the higher number of safe/out 

plays occurring at second base, as per the afore-mentioned SNZ umpire expert’s advice. 



Data Collection 

Stage One ï 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 Vic Guth Softball Tournament 

in New Zealand, during a 4-day period from January 24 to January 27, 2020.  Footage was 

recorded from 10 games across four tournament days with eight different umpires. The 

procedure involved filming with the head-mounted Samsung Gear 360 camera (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 the umpire’s own cap. The preferred mounting choice was at the discretion of 

each umpire.  

 Regardless of the mounting option chosen, the video collection protocol was the same. 

Each umpire wore the camera during pre-agreed games, for the duration of the game. The 

tournament rules stated 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 camera battery 

was recharged, to ensure complete recording of the next game. There were no back-to-back 

games filmed. It took approximately 60 minutes to charge the camera battery between games. 

On completion of the video footage collection, the researcher converted all the second base 

safe/out decision-making 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 previously broadcasted 

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. Clips were from softball 
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games within a five-year period (2015-2020), 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 decision-making training.  

Stage Two ï Expert Panel 

 The 30 clips (15 360° VR 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 study. After consultation with a North Harbour Softball Umpire Association officer (a SNZ 

Level 7 umpire), three expert panel member umpires were chosen due to their considerable 

experience and backgrounds in SNZ umpiring. 

 This expert panel was composed of one Level 6 and two Level 7 Softball NZ umpires 

from across New Zealand (see Table 3). The Level 6 umpire officiated in Christchurch, while 

one of the Level 7 umpires officiated in Auckland, and the other Level 7 umpire officiated in 

Wellington. These experts were 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 research 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 recorded 360° 

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 scale of 1–10 in terms of training 

usefulness (1 being the least useful for training umpires, and 10 being 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 360° VR clips, panel members were asked to make a 

decision for each play and then rate the clip for training usefulness on a scale of 1–10. A score 



of 1 indicated little to no perceived decision-making training usefulness, while a score of 10 

indicated extremely high perceived decision-making training usefulness. The members then 

emailed the researcher their responses. From these original 30 clips, the researcher chose ten 

unanimous decision broadcast video clips (5 safe and 5 out), and ten unanimous decision 360° 

VR clips (5 safe and 5 out calls). The agreed 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 decisions were scored 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 Three ï Umpire Participants 

 Seventeen umpires, six novice (Level 1–4) and eleven advanced (Level 5–7) 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 enabled participants to familiarise 

themselves with the VR hardware and software, as well as the broadcast clips. The participants 

accessed the broadcast clips through the researcher’s laptop computer, and the 360° VR clips 

through the Oculus Quest HMD unit (see Figure 3). To ensure umpire competence with 360° 
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VR technology, all participants undertook a familiarisation session consisting of instructions 

on usage by the researcher and were asked to adjudicate five pre-recorded 360° VR softball 

safe/out clips (these were not clips 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 both video 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 clips, while Group 2 initially watched the 360° VR clips. Group members 

then switched video-viewing conditions (Figure 3) after a thirty-minute washout period. While 

this washout period may seem short, cross-over study designs are largely used in 

pharmacological research where the washout duration is based on drug half-life (Jones & 

Kenward, 2014). In this study, no decision-making carry-over effects were expected given the 

nature of each condition, therefore, the wash-out time was deemed appropriate. 

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

comfort and alleviation of any potential VR Sickness symptoms (i.e., loss of balance). The VR 



condition participants selected plays from an Oculus HMD display screen 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 their play decision to the researcher. Accuracy was 

assessed post-test vis-à-vis the decisions of the expert panel. A score of 0 indicated zero correct 

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

 To assess ecological validity, each umpire was provided a printed visual analogue scale 

questionnaire after the conclusion of their final video viewing (see Appendix A).  Participants 

marked how close their decision-making process in each of the two video conditions felt 

compared to their regular in-game decision-making process. By marking a 10 cm scale (10 

being very game-like, and 0 being not at all game-like), the ecological validity of the video 

modes could be determined (Catteeuw et al., 2010; Kittel et al., 2019b). If a participant marked 

the 5.5 cm mark, their rating was considered 5.5.   

Figure 4 

The cross-over design 
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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 analysis plan for research question 1 

(decision making accuracy) and research question 2 (ecological validity) followed the 

recommendations for the analysis and reporting of 2x2 cross-over trials (Wellek and Blettner, 

2012). Firstly, a Mann-Whitney U Test was used to check for any differences between the two 

treatment orders (VR-2D and 2D-VR). A significant difference would suggest a carryover 

effect (Jones & Kenward, 2014). Upon confirming no carryover effects, participant decision 

making accuracy (0–10 score) and ecological validity (0–10 score) were compared between 

the VR and 2D Broadcast conditions using a Mann-Whitney U Test (separately). This test was 

chosen over a t-test as the data were not normally distributed, as indicated by the Shapiro Wilk 

test. This test determined if the mean rank values were significantly different between the 

conditions (Jones & Kenward, 2014). The effect size (r) was calculated from the standard score 

(r = ᾀ
Ѝὔ

) and interpreted using Cohen’s criteria of 0.5 for a large effect, 0.3 for a medium 

effect, and 0.1 for a small effect (Cohen, 1998). Lastly, a two-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 decision making accuracy (research question 

3). The partial eta-squared statistic (ηp2) was used as a measure of effect size for each of the 

main effects, and the interaction. When fitting the model, the Levene’s equality of variances 

assumption was checked, along with visual inspection of the standardized residuals (to confirm 

residual normality).  

 

 



Research question 4 

Ethics approval 

 Auckland University of Technology gave approval for the semi-structured interview 

and research question 4 on December 15th, 2020 (Appendix L). 

Study design 

 The qualitative component of the study involved semi-structured interviews designed 

to gain insight into participants’ perspectives of the experience of using 360° VR video 

technology. This component was specifically designed to answer research question 4: 

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

                   decision-making? 

 When the researcher emailed results to each participant two days after the test, the 

researcher inquired about the possibility of participating in an interview regarding their 

experience and thoughts on the two video conditions. Semi-structured interview questions were 

developed from the study research questions to promote a wide scope of responses. These 

questions were focused on user preferences, advantages and/or disadvantages of each video 

condition, technological practicality, limitations, and experience level (see Appendix N).  

Participants  

 The interview participants 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 to complete an interview with the researcher. Due to time, research scope restrictions, 

and the impact of Covid-19, not all willing participants could be interviewed. Instead, three 

participants were chosen on a first-come first-served basis. Specifically, one lower-level 
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umpire (Level 3), one advanced-level umpire (Level 7), and one expert panel member umpire 

(Level 7) were chosen to act as interviewees. 

Data collection 

 Semi-structured interviews were conducted over Zoom (live video link) and recorded 

for transcription. Interview durations (minutes) were as follows: participant one 15:39, 

participant two 18:22, participant three 35:20. All interviews were transcribed using the Otter 

A.I. software program. The Zoom format allowed flexibility and ease of spontaneous 

conversation, as well as created an opportunity for deeper and more individual responses from 

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

Data analysis   

Thematic analysis 

 As noted by Terry et al. (2017), thematic analysis has become a widely used and 

respected tool  for qualitative analysis. Although its nuances and an exact definition are still 

developing, the seminal work of Braun and Clarke (2006) attempted to define thematic analysis 

as a method/tool for “…identifying, analysing and reporting patterns (themes) within data” (p. 

79).  Thematic analysis is a structured process which, through the generation of codes or 

patterns of ideas, leads to the identification of larger and 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; 5) defining and renaming themes; 6) producing the report. In this 

study, the researcher conducted an inductive thematic analysis following Braun and Clarke’s 

six-step approach, as detailed below: 

Step one: Initially the researcher familiarised themselves with the data. Each semi-structured 

interview was recorded using the Zoom meeting software app. Throughout each interview, the 



researcher took notes and recorded his thoughts about various answers. The interviews were 

then transcribed using the Otter A.I. software program. The researcher then listened to each 

interview several times. While Otter A.I. was effective at transcribing the interview, it was not 

without errors. Repeated listening of each interview ensured that any errors in transcription 

were corrected and encouraged active and deep engagement with the information and 

interviewees (Terry et al., 2017).  The corrected transcription was then converted to Microsoft 

Word. As an additional step aimed at ensuring accuracy, the researcher consulted with the 

interviewees on the transcription and obtained interviewee consent/member checking on the 

final transcription (Matthews & Kostelis, 2020). 

Step two: Using the guiding research questions, the researcher then inductively analysed the 

transcripts, generating initial 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 

bottom-up view of the data, letting the data speak for itself and not being driven by a 

“…preconceived coding frame”. However, it is accepted that the researcher’s own 

epistemological underpinnings may influence the data coding (Terry et al., 2017). The 

deductive approach takes a top-down 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 gain insight into participants’ perspectives of 

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; Terry et al., 2017).  

These patterns were then identified/named as themes. Relationships amongst codes were 
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assigned meanings to assist in this process. Where necessary, when several large patterns were 

identified, these larger patterns were divided into smaller subthemes. 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 reviewed and 

refined (Guest et al., 2012; Terry et al., 2017). Where 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 both code-level and theme-level 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 “critical friend” (Croft et al., 2021). Thematic maps were created to identify the essence of 

each theme and determine which component of the data each theme captured (Braun & Clarke, 

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 undertook a final refinement and data 

analysis in order to produce a report. This final step connected the themes and supporting data 

with the original research questions and ensured the data told a story pertinent to the 

researcher’s analysis (Braun & Clark, 2006). It was also important to stay true to the qualitative 

descriptive approach and to ensure the outcomes represented the findings while staying close 

to the participants’ words (Sandelowski, 2000). Literature was tied into the various themes to 

bring meaning and exposition to the original research questions.  



Summary 

 Due to the complexity of decision-making, and the limited existing research on the 

subject of sports official decision-making, the mixed methods approach was chosen in an 

attempt to gather as much data as possible. Through combining both qualitative and 

quantitative approaches, the researcher prioritised adding a human element to the data. By 

doing so, the researcher sought to use the results to inform their own research as well as future 

research on the subject of 360° VR and sports-official training.  
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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 2D Broadcast videos. The study used a pragmatic mixed methods approach. Research 

questions 1–3 are addressed through a quantitative analysis, and research question 4 has both 

quantitative and qualitative (thematic analysis) findings.   

 In the thematic analysis, the interviews were inductively coded resulting in three themes 

and eight subthemes. The themes were categorised as: 360° VR decision-making advantages, 

360° VR decision-making disadvantages, and current softball umpire training situation. These 

themes and subthemes are outlined in Table 4. 

Table 4 

Themes and Subthemes 

  Theme 

  360° VR advantages 360° VR disadvantages Current Training Conditions 

Subtheme Perspective Experience requirements Information access variability 

  Engagement Privacy Teaching & Learning 

  Information     

  Technological Suitability     

 

Quantitative Analysis 

Carryover Effects 

 Prior to the quantitative analysis, a Mann-Whitney U test was performed to determine 

if the viewing order in the cross-over design produced any carryover effects that may influence 

decision making accuracy (i.e., number of correct calls) and the ecological validity (EV) scores.  

 

 



Table 5 

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

Outcome variable W  p  r  

EV  143.5 1.000 -0.002 

Correct Calls  162.5 0.523 0.113 

Note. Effect size is given by r = ᾀ
Ѝὔ

 

Note. W = Mann-Whitney U test statistic. 

 

Table 5 shows that there were no significant differences between the treatment orders (VR-2D 

or 2D-VR) for EV (p = 1.000) or the number of correct calls (p = 0.523). The r effect size 

shows the level of association between each outcome variable and treatment order were small. 

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

Research question one ï Does watching 2D Broadcast video or 360° VR video produce higher 

decision-making accuracy? 

 The mean ± SD for the number of correct calls for 360° VR (out of a maximum of 10) 

was 8.0 ± 0.9, while the mean for 2D Broadcast was 8.5 ± 1.5. The data for each treatment 

group, along with the distribution and median, are shown in Figure 5. A Mann-Whitney U Test 

indicated that there was no significant difference in decision making accuracy between 360° 

VR and 2D Broadcast video users (W = 178.0, p = 0.242, r = 0.204). 
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Figure 5  

Violin plot showing the number of correct calls for each condition 

 

Note: The density curves illustrate the distribution, while the large point represents the median score. 

The 2D and VR conditions compared with a Mann-Whitney U test 

 

Research question two ï Does watching 2D Broadcast video or 360° VR video produce higher 

ecological validity for game decision-making? 

 The mean ± SD ecological validity score (1 low – 10 high) was 7.1 ± 2.0 for 360° VR, 

while the mean for 2D Broadcast was 4.4 ± 1.9. The data for each treatment group, along with 

the distribution and median, are shown in Figure 6. A Mann-Whitney U Test indicated that 

there was a significant difference in ecological validity score between 360° VR and 2D 

Broadcast video users (W = 32.5, p = <0.001, r = -0.626), with a medium-sized effect (Cohen, 

1988). 



 

Figure 6 

Violin plot showing EV scores for each condition 

 

Note: The density curves illustrate the distribution, while the large point represents the median score. 

The 2D and VR conditions compared with a Mann-Whitney U test. 

 

Research question three ï Does 360° VR decision-making accuracy differ by experience level? 

 The mean ± SD for the number of correct calls for novice umpires using 2D Broadcast 

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 were 8.5 ± 1.7 and 8.0 ± 0.8, respectively. No significant 

differences were found between experience level and accuracy using either video condition. 

The results of the two-way ANOVA test comparing the two treatment groups, and the 

interaction between treatment group and experience level, are presented in Table 6.  
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Table 6 

Two-way ANOVA results for umpire experience level and decision-making ability 

Source df  MS F  p  ɖp2 

Video Condition 1 2.122 1.277 0.269 0.041 

Experience Level  1 0.004 0.002 0.961 < 0.001 

Video Condition Ṱ Experience 

Level  
1 0.004 0.002 0.961 < 0.001 

Error  30 1.674    

Note: MS = mean squares; ηp2 = Partial eta-squared effect size; Model fit using type III Sum of Squares. 

 

The estimated means and 95% confidence intervals for each video condition and experience 

level are presented in Figure 7. The analysis indicated no statistically significant difference in 

decision making accuracy between novice and advanced umpires (F = 0.002, p = 0.961, ηp2  < 

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

 

Figure 7  

Decision-making accuracy by experience level and video condition 

 

Note: Values represent estimated means and 95% confidence intervals 



 

Qualitative Analysis 

Research question four ï What are the perspectives of participants on the use of 360° VR video 

to enhance decision-making? 

Theme 1: 360° VR Advantages 

 In order for any new training tool to benefit an umpire, it must offer advantages over 

the current training tools.  Interviewees all felt that this was the case with 360° VR, but with a 

number of varying reasons. Analysis identified five key areas (sub-themes) related to the 

advantages of VR; these were perspective, engagement, information, enjoyment, and 

technological suitability and impact. 

Perspective 

 A common theme from all three interviewees was the importance of perspective in 

softball umpire decision-making. Because the broadcast video perspective was not from an in-

game view, interviewee 1 felt a disconnect between himself and the play. However, with the 

360° VR, he felt much more connected and able to make a better, more accurate call, because 

he was able to access the perspective he was familiar with from the position, which was “…a 

hundred times better than watching a video that’s shot from the sideline.” For Interviewee 2, 

the thought process was similar to interviewee 1, as he commented upon the disconnect 

between umpire decision-making and the broadcast video: “You’re in a different angle, so 

you’re not utilising techniques that you would have to from the position of the umpire.” 

However, with the 360° VR videos, he remarked upon looking at the plays through a “familiar 

position”.  For Interviewee 3, being able to see a play through the “eyes of an umpire” helped 

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. 
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Engagement 

 Engagement, or the power to interact with the video medium to make accurate 

decisions, was perceived to be greater with the 360° VR amongst all three interviewees.  

Interviewee one remarked that with 360° VR, “…you can act out what you should be doing 

and what you would be doing at the same time.” This was in contrast to the feeling of 

disconnect with the broadcast videos and the feeling of being “…one step removed from it all.”  

Furthermore, interviewee one suggested that 360°VR could be used to train multiple people 

simultaneously with high engagement “… if you had two or three people looking at it at the 

same time…being able to say, hey, look down to the left…sort of everyone in the same 

experience.”  The ability to track a ball as it moved across the field and responding with a 

decision was far better in 360° VR for Interviewee 2, who commented that 360° VR was 

“…good for tracking the ball in terms of a judgment call. So it’s [the ball] coming into a base 

and seeing when it gets tagged or when it gets caught.” Due to the immersive nature of 360° 

VR, interviewee three believed an umpire using it could better gauge umpire positioning “…if 

I had taken two steps to the left, and look right up the line, I would have got a fourth element.”  

 Information, in the form of play information necessary for an umpire 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 mentioned terms such as angles, distance, and points 

of focus. For example, an advantage of 360° VR for interviewee 1 was being “…able to focus 

on the bits and pieces you want to focus on.” Interviewee 2 commented that 360° VR was ideal 

for finding the right angles to call a play, and for being able to better “…see the play and see 

the elements themselves.” Interviewee 3 noted 360° VR’s suitability for obtaining optimal 

angles and distance from a play, noting that through it, umpires could “…understand angle and 

distance a lot better than through the literature”. 



Technological suitability and impact 

 Interviewees remarked upon 360° VR’s technological suitability for the younger 

umpires, as well as its impact factor. Interviewee 2 believed it would work well with younger 

umpires and saw it as an almost natural fit: “…there’s a youth group like myself coming 

through. And even younger than me. And these people are used to this technology now.” While 

he didn’t rule out 360° VR for older umpires, Interviewee 3 expressed excitement about using 

360 ° VR for up-and-coming umpires: “You look at our younger umpires, mate, they’re 

technology savvy. So VR to them would be like just playing a game.” Interviewee 1 was 

immediately pulled in by the novelty and excitement of using the 360° VR technology itself, 

noting it was more “real life” and that he enjoyed using it because it was “cool technology” 

that made using it more interesting and engaging. 

Theme 2: 360° VR Disadvantages 

 Participants also spoke about some of the disadvantages of 360° VR. 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 disadvantage was related 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 from 360° VR technology. According to Interviewee 1, “…if you’re 

a very low, low level umpire, who doesn’t have that game experience, you’re looking all over 

the place and you’re not sure where you should be focusing.” Interviewee 3 shared a similar 

thought on experience level and discussed how senior-level umpires would be able to look 

around to quickly identify the four elements: “They just have a bit more experience, and they 

have a bit more tools around it, I guess. They’ll see a lot more than what a novice umpire would 



51 

 

see”. Interviewee 2, meanwhile, explained that higher-level 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 decision-making: “…unless there’s something new, by 

the time you hit level seven…we’ve seen these calls from these positions…thousands of 

times.” 

Umpire Privacy 

 The idea of maintaining respect for umpires appearing in the 360° VR videos was a 

strong concern for interviewee 3. 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 actions. This could potentially detract from its widespread adoption: 

“You would just imagine that it might expose my crew…the gloss would be taken off of what 

it’s [360° VR] trying to achieve by ostracizing someone or really putting someone out there.” 

Rather than the technology being used to train decision-making, it would make it more about 

the filmed umpire and their performance. As a Māori umpire, Interviewee 3 mentioned that 

this concept of protecting the individuals in the videos was also about “protecting our mana1 

of our umpires…we always want to keep the mana of an umpire intact.” It should be noted that 

this was more so a concern for the individuals with the broadcast videos because their faces 

could be seen (unlike the first-person filming perspective of the 360° VR videos). 

Theme 3: Current training conditions 

Through the interviews, participants shared important opinions on the current state of SNZ 

umpire decision-making training.  Of importance was the ideas of information access 

 
1 A MǕori term defined as prestige, authority, control, power, influence, status, spiritual power, 
charisma ï mana is a supernatural force in a person, place, or object (MǕori Dictionary, 2021) 



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 video-training situation and knowledge sharing 

with SNZ umpires was arbitrary. Interviewee 1 mentioned 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, as he noted that he has “…seen a million 

of those sorts of videos before as well. Which they tend to run into another sort of thing”. 

Interviewee 2 specifically mentioned the ad hoc nature of video selection, noting that regional 

head umpires would select their own plays to teach umpires, and that this went all the way up 

to the international level. One high-ranking international softball official “…has his own 

dropbox videos, and he just uses them as he sees fit of what he wants to teach”.  Interviewee 3 

shared the story 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 senior umpires of 

his time closed themselves off to him: “…they held on to that information, and they held on to 

those skills. And they only taught you when you moved up a grade”. For this umpire, 360° VR, 

far more than the 2D Broadcast videos, could be an effective tool to help bridge the information 

gap, infusing some energy and novelty to help lower-level umpires learn. The sooner the 

360°VR video training could be deployed, the better for training information access: “…if I’ve 

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 example, Interviewee 1 shared that “…it would be 

cool to actually get a plate umpire wearing VR [camera] and then being able to experience and 
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see what they’re looking at…and whether that umpire called a ball or a strike and compare that 

to what you would call.” This accuracy-improving training feature was in addition to 

Interviewee 1’s previous positive opinion about the possibility of using 360° VR to teach 

multiple individuals simultaneously. Interviewee 3 considered 360° VR to be a useful tool for 

educating umpires on movement techniques, especially with regards to tracking a play “…VR 

was better for getting experience in practice in techniques to see the play and see the elements 

themselves.” Even more important for interviewee two, was the chance for 360° VR, in the 

offseason, to prepare umpires for the coming season in a safe, controlled environment, rich 

with the information necessary to train accurate decision-making. Interviewee 3 was very 

enthusiastic about 360°VR bridging the gap between decision-making training literature and 

real play. According to interviewee three, 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 

life, “…if you show me what that looks like, and I understand that, when I go read the literature, 

I can link the two.” 

 The current study examined various aspects of 360° VR’s use as a decision-making tool 

through a combination of quantitative and qualitative analysis. Specifically, the current study 

showed no significant evidence that 360° VR produced higher decision-making accuracy than 

2D Broadcast video, nor was higher umpire experience level associated with greater 360° VR 

decision-making accuracy; however, 360° VR showed significantly higher EV values than the 

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 various features and facets of 360° VR for softball 

umpire decision-making training.  By consolidating the lessons learned from the study, the 

researcher hopes to establish a foundation and direction for similar research in the future. 



Chapter 5: Discussion 

Introduction 

 This chapter is presented in three sections, with each section focusing the discussion 

specifically related to research questions 1–3, briefly restated here: 1) Does watching 2D 

Broadcast or 360° VR videos produce higher decision-making accuracy; 2) Does watching 2D 

Broadcast or 360° VR video training produce higher ecological validity for game decision-

making training; 3) Can 360° VR assess decision-making skill accuracy differences between 

novice and advanced sports officials? Insights from interview data on research question 4 

(What are the perspectives of participants on the use of 360° VR video to enhance decision-

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

Research Question One: 

Does watching 2D Broadcast or 360 °VR video produce higher decision- making accuracy? 

 Previous research findings highlighted the ability of both 2D Broadcast and 360° VR 

video to improve sports official decision-making accuracy (Catteuw et al, 2010; Helsen et al., 

2019; Kittel et al., 2020; Larkin et al., 2018; Mascarenhas, 2005; Schweizer et al., 2011). The 

hypothesis that decision-making accuracy would be higher for the 360° VR videos than the 2D 

Broadcast videos was unsupported. A recent study found a significant 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 

decision-making accuracy between umpires using 2D Broadcast 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 factors that may have influenced the results. These factors include 

missing information and feelings of nausea brought on by use of VR technology. 
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 It is reasonable to expect that the third-person perspective of the broadcast clips 

introduced barriers to effective decision-making for umpires as participants are effectively 

making decisions without all the information they normally would possess from a first-person 

perspective (Mann et al., 2007).  Sports official decision-making 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 decision-making (Balagué et al., 2008; 

Gibson, 1966; Gibson, 1979; Seifert et al., 2019), the resulting decision-making 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 in the broadcast clips, participants often had an unclear or 

incomplete view of the four elements. Many of the 2D Broadcast videos were filmed above 

and behind the home plate, providing a better overall picture of the entire softball diamond 

while sometimes sacrificing a closer and clearer view of the second base clips. In some 

broadcast clips, this problem was further compounded due to the presence of a dark screen 

mesh net (designed to keep softballs from traveling into the softball stadium audience) in front 

of the camera. Previous studies have suggested that viewing distance from a play and the angle 

from which the play is viewed can significantly impact soccer referees’ decision-making 

accuracy (de Oliveira et al., 2011; Hossner et al., 2014; Mallo et al., 2012). Interview data 

provided some further insight into the effect of the camera angles and distance on broadcast 

clip decision-making accuracy: “You tend to be blocked out or see a bit of an issue with the 

angles and the distance” (interviewee 2). He went on to explain his difficulty with the broadcast 

videos: “…it’s hard to focus on exactly what you should be seeing”. Some of the 2D Broadcast 

videos viewed by participants did have zoomed in, tighter views of the play, but there was a 

lack of consistency with their occurrence. The overall decision-making accuracy effects of the 



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 decision-making accuracy by participants using the 360° VR clips 

were not significantly different than the 2D Broadcast videos did not support the hypothesis 

that decision-making 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 like’ to the participants and assist in promoting higher decision-making accuracy, 

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 

interviewee 1, “…the scenarios being white sand, white shoes, white base…things got lost in 

the definition”. How much this influenced decision accuracy is uncertain but was a possible 

factor. Furthermore, the 360° camera and resulting images were very basic, and the researcher 

did not have the skills or resources to professionally edit the clips. However, the researcher did 

notice far fewer comments from participants in both the quantitative data collection period and 

the qualitative interviewees on image quality. This may suggest that, using a higher 

specification equipment, 360° VR image quality issues could be minimised to assist with 

umpire decision making. Besides issues with image quality, issues related to the umpires and 

movement may have arisen. 

 Umpires often have to move to make calls, but the 360° VR clips with an umpire 

moving may not have fully translated how movement changes a user’s ability to make a 

decision. The ability to obtain the needed information during movement or no movement was 

likely different, as remarked upon by an interviewee: “…if you’re seeing it when you’re 

running, it’s different from when you’re actually staying still”.  The same interviewee also 

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 unable to totally recapture the 
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dynamics of user interaction with the environment (Balagué et 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 environment interaction was still somewhat restricted from a live game and may 

have diminished an umpire’s decision-making ability.  

 Decision-making ability may also have been impaired by the duration of the 360° VR 

clips. The start and end points chosen for the 360° VR clips may have negatively impacted the 

umpires. All clips were 3–5 seconds in length and did not consistently include the beginning 

of the pitch. This might have resulted in a decreased ability of the umpire to track and process 

all the information in the game environment to make an accurate decision, unlike in a live 

game. To date, research on decision-making has often overlooked numerous factors that 

account for sports official performance, including individual-environmental interactions and 

synergies (O’Brien & Rynne, 2020). By not being able to view 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 decision-making.  One of the interviewees suggested 

he preferred watching a longer, more complete play, rather than “…you plug in and suddenly 

you have a play”. It is possible that the users needed more information on the play to mimic a 

sense of the synergies and interactions surrounding a play and its 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 the influence of emotions on decision-making. The 

researcher noted that during the data collection several participants reported minor feelings of 

discomfort. The wobbling and shaking which occurred with the 360° VR due to umpire 

movement produced unpleasant feelings, likely a manifestation of VR sickness. This is 



purportedly higher in 360° VR videos than 2D Broadcast videos (MacQuarrie & Steed, 2017). 

VR sickness may have been detrimental to the umpires’ ability to make accurate decisions and 

locate the four elements 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 decision-making. As interviewee 1 remarked “The stability? Yeah, 

it wasn’t great, but it wasn’t so bad that the stability put me off it”.  Another interviewee 

mentioned experiencing something akin to vertigo, but gradually adapted to and overcame the 

sensation. Still, any users experiencing feelings of VR sickness and not enjoying using the 360° 

VR clips may have produced different decisions than in a live, discomfort-free game. Research 

suggests that emotions (positive and negative) are linked with information processing, 

decision-making, and actions (Antoniou et al., 2020; Tenenbaum et al., 2013). Thus, despite 

the interviewees not ascribing difficulty to the decision-making due to VR sickness symptoms, 

any negative emotions due to VR sickness 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 decision-making tasks on the 360° VR clips than the 2D Broadcast clips. 

However, qualitative interview data indicated that it may be due to user inability to access all 

the information, in the same manner as they would in a live game. Furthermore, 360° VR video 

clip lengths may have been insufficient, and user discomfort with the 360° VR also emerged 

as possible explanations. 

 Despite a lack of quantitative data connecting 360° VR video to improved umpire 

decision-making accuracy over 2D Broadcast video, qualitative data showed that 360° VR may 

offer potential to increase decision-making through the context of training with the technology. 

The study design did not include a pre- or post-treatment measurement system to assess if the 

technology was able to produce decision-making accuracy changes over time.  Interviewees 
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remarked upon their belief that the 360° VR technology could be used to train and increase 

decision-making accuracy. For example, interviewee 3 remarked about training with: “If you 

had the VR technology, and you can work with it in preseason, they will learn a hell of a lot 

more…and when they come to the real thing, they’ll be able to adjust a lot quicker and a lot 

easier”. Interviewee 2 hinted at actively using and benefitting from 360° VR: “I found it really 

beneficial in terms of getting the experience of seeing a call come into place, learning how to 

utilise judgment”. By using the words “getting” and “learning”, interviewee 2 implied the 

benefits of the 360° VR may not be immediate, and perhaps would be achievable in a future 

study design that would include measuring actual game accuracy changes over a series of time 

after receiving 360° VR training. 

Research Question Two:  

Does watching 2D Broadcast or 360° VR video training produce higher ecological validity for 

game decision-making? 

 The hypothesis that EV values would be higher for the 360° VR videos than the 2D 

broadcast videos was supported. Research results from this study indicated that 360Ј VR 

produced higher EV values than 2D 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 videos showed 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 the four elements 

(leading edge of base/plate, ball position, fielder location, runner location), thus increasing their 

decision-making link between cue and criterion (Brunswik, 1956).  The benefit of this ‘cue and 

criterion’ connection was also acknowledged by all the interviewees. They emphasised the 

positive aspect of being able to look around in real-time as the play was occurring, in order to 



identify the four elements and produce an informed decision. Interviewee 3 touched on this 

feature of the 360° VR: “You’ll be able to identify the key triggers, that kind of say to you, 

actually, that’s happening right now. The angle I’ve got here…this is not good enough. I need 

to move”. This umpire ‘sense of presence’ was heightened in the 360° VR videos, which 

generated a higher level of embodiment compared to the 2D Broadcast video. One interviewee 

used the word “immersive” to describe their experience using the VR headset and making play 

calls, which strongly supported the concept of embodiment in action between the interviewee 

and 360° VR headset. This ‘sense of presence’ emphasised the usefulness of VR to increase 

feelings of ecological validity thus promoting decision-making learning retention, and 

capitalising on heightened embodiment to amplify such learning, thus increasing the chances 

of long-term 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 long-term behavioural changes (Bohil et al. 2011). This finding suggests that there 

is merit in Softball NZ considering an implementation of 360° VR as an additional tool to train 

softball umpire decision-making. The interviewees were enthusiastic that with 360° VR they 

were using a technology that 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 interviewee 1 explained, with the 360° VR, you “Get to use cool 

technology. It just makes it interesting and makes it engaging.” That same umpire, when 

speaking about watching broadcast videos, was decidedly less interested: “You didn’t feel like 

part of it, and it’s like you’re one step removed from it all. Seen a million of those sorts of 

videos before as well…one runs into another sort of thing”. 

 To summarise, the findings supported the hypothesis that participants would ascribe 

higher EV values to the 360° VR clips than the 2D Broadcast clips. Interview feedback suggests 

that this was due to the 360° VR’s abilities to promote embodiment, immersion, and presence.  
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Research Question Three:   

Does 360° VR decision-making accuracy 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 decision-making accuracy would be higher for the advanced 

umpires than the novice umpires was not supported. The factors that might have influenced 

these results include the sensitivity of the videos to assess experience and the familiarity using 

the 360° VR technology.  

 It is possible the study design may not have accurately detected decision-making 

differences according to experience level because of diminished task representativeness.  In a 

study by Kittel et al. (2021), both 2D Broadcast and 360° VR videos were unable to 

differentiate decision-making accuracy between skilled and highly skilled AFL umpires. Thus, 

while 2D Broadcast and 360° VR videos can differentiate between novice and advanced sports 

officials’ decision-making accuracy (Kittel et al., 2019b), at higher sports official levels there 

may be an efficacy cut-off, suggesting that assessing sports officiating proficiency through 

video methods is not without limitations and requires fine-tuning. The findings of Dicks et al. 

(2019) suggest that experience on a task is assessed through tasks representative of the 

simulated environment. For example, an assessment of a cricket player’s skills on a basketball 

court is weakened because of the poor representativeness of the experimental environment to 

the real environment. As discussed in the discussion on research question one, there were 

concerns about the study’s ability to utilise the benefits of the 360° VR clips to make the 

decision-making process authentic and game-like. By the very design of the current study, the 

participants were attempting to call plays without umpiring at a real game.  In real sports games, 

sports officials are required to make decisions amongst a constantly shifting mix of interacting 

environmental, psychological, and physical variables (Kittel et al., 2019; Morris & O’Connor, 



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 

decision-making, such as being asked to make a decision in front of a researcher in an umpire 

room, possibly diminishing transfer of the umpires’ experience levels (Renshaw et al., 2019). 

If the research video-viewing conditions were sufficiently different to the setting to which the 

play calls were normally directed (a live softball game), task representativeness was 

compromised (Araújo et al., 2007; Araújo et al. 2019), and the resulting data demonstrating no 

significant difference between umpire experience and decision-making accuracy is placed into 

a more understandable context. One notable video-viewing variable which possibly impacted 

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

technology. 

  Data results and accuracy may have been influenced 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 interviewees, it was their first-time using VR technology. 

One of the interviewees touched upon the familiarity, or lack thereof, with higher technology 

among different age groups within the umpire ranks: “We’ve got umpires who are very tech 

savvy. They would probably school the older generation like myself on the technology that’s 

available” (interviewee 3).  Many of the higher-level umpires were older and perhaps less 

familiar with the 360° VR technology. This might have impacted upon their decision-making 

accuracy, while the scores of the younger, lower-level 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 presenting lower 

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 decision-making (Antoniou et al., 2020; 



63 

 

Tenenbaum et al., 2013).  An argument could be made that as the 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 decision-making accuracy may 

decrease. However, the researcher believes that SNZ could ameliorate the impact of technology 

on its older umpires’ comfort and decision-making accuracy through a supportive and 

customised familiarisation with the 360° VR technology.  

 Although a connection between experience and decision-making accuracy was not 

found in the study, comments by the interviewees allude to a perceived ability for the 360° VR 

to discern this connection.  Interviewees one and three implied that a certain level of 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 technological familiarity. 

Summary 

 In summary, the findings on research questions 1-3 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 also expected that 360° VR’s features would have resulted in 

better decision-making accuracy than the broadcast videos, as well as discerned experience-

based differences in accuracy. This was not supported by the findings. Despite these 

unexpected results, positive feedback from the interviewees supported the use of 360° VR for 

decision-making training, as the umpires experienced better views of the plays, lauded its 

ability to effect decision-making accuracy change as a training tool, and indicated greater 

enjoyment with its use compared to the broadcast videos. As one interviewee explained on its 

decision-making training potential: “…they will learn a hell of a lot more about angles and 

distance. And then when they come to the real thing, they’ll be able to adjust a lot quicker and 

a lot easier” (interviewee 3). Through incorporating these insights from the mixed methods 



approach of this study, this study can inform and enrich future related studies examining 360° 

VR and decision-making impacts on sports officials. Of key importance from this study are the 

abilities of 360° VR to potentially increase enjoyment of learning/training for sports officials, 

which may, through increased exposure, also increase decision-making accuracy in 360° VR 

and ultimately live games.  
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Chapter 6: Conclusion 

 The following sections will be divided into three sections; section 6.1, the research 

findings will be summarised; section 6.2, the strengths and limitations of the research will be 

discussed and section 6.3, recommendations for future research. 

Section 6.1 Summary of findings 

 Due to the pragmatic mixed methods study design approach, it was possible to gain 

deeper insight into the quantitative research findings through the qualitative interviews. The 

quantitative data indicated that 360° VR offered softball umpires minimal advantages to 

decision-making accuracy compared to traditional 2D Broadcast videos, and was limited as an 

effective assessment tool for decision-making experience; however, the quantitative data did 

suggest that umpires viewed the 360° VR videos as more game like.  The findings of the 

qualitative data supported the use of 360° VR as a tool to improve softball umpire decision-

making accuracy.  

 Decision-making training tasks should use similar information sources as the desired 

environment to which they are directed (Araújo et al., 2006; Pinder et al., 2015). Evidence of 

these similar information sources being present in the 360° VR videos was provided by the 

interviewees’ comments on perspective and engagement. Interviewee feedback praised the 

better viewpoints (i.e., ‘eyes of an umpire’), and ability to shift their viewpoints to acquire more 

information necessary for decision-making (‘good for tracking the ball…’). Quantitively, 

support for this more game-like training environment was provided by significantly higher EV 

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

umpire decision-making accuracy and connect experience with improved decision-making 

accuracy; however, data supported neither of these two hypotheses.  



Section 6.2 Study strengths and weaknesses 

 The qualitative 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 

quantitative and qualitative data to research sports official decision-making with 360° VR. 

Without the qualitative data, the study’s quantitative findings were very constricted and 

anaemic in terms of providing recommendations for future research directions – 360° VR was 

more game-like 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 wanted to use the technology. 

Such findings emphasised a study by Hong et al. (2020) on the propensity of mixed methods 

research to: “…better inform decision making…provide a more complete and rich 

understanding”. In this regard, the mixed methods research introduced multiple 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 NZ training 

purposes encouraged the researcher to choose clips from an online source. While numerous 

clips were available, the quality of each clip could vary greatly, with different camera angles 

and distances.  This may have helped participants with their decision-making in some clips, 

while hindering them in others. Despite 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 unhelpful to the majority of participants. Instead, SNZ umpires 

would likely benefit more from learning how to implement first-person or 360°VR video  

training, alongside simulation games, to improve their decision-making. Furthermore, some 

clips were from under 18 age group games, while others were from adult softball games. A 

study by Kittel et al. (2021) suggests that failure to match the performance level of the umpires 
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usually adjudicated by sports officials may impact on the ability of sports officials to accurately 

call upon their decision-making expertise. The study cannot be certain that these broadcast 

clips were unanimously valid tests for softball umpire decision-making.  

 An important constraint of the study was the scope of a Master’s study. The researcher 

was not able to introduce pre and post-test decision-making accuracy tests due to time 

constraints. The study design examined the participant’s decision-making ability based upon 

clip duration, and this duration may not have been long enough to have captured all the 

decision-making factors that are used by participants when determining their decisions. As 

noted by O’Brien and Rynne (2020), a host of interacting factors combine to determine and 

develop a sports official’s performance. The researcher used the qualitative data to assist in 

gaining the knowledge to understand these factors.  

Section 6.3 Recommendations for future research 

 Further research is needed to ascertain how best to integrate 360° VR to improve 

training of sports official decision-making. Currently there is limited research on the impact 

and effectiveness of 2D video-based decision-making training on actual games, and even less 

on 360° VR’s decision-making training transfer. The research does suggest that there is a 

positive correlation between first-person video watching before sports performance officiating 

and the resulting officiating in a real game (Nazarudin et al., 2015).  Furthermore, there appears 

to be a positive correlation between sports officiating experience and accuracy using 360° VR, 

unlike in 2D match broadcast videos (Kittel et al., 2021).  This is a gap in the literature worth 

further exploration.  It would be most useful to train and test a large group of sports officials’ 

decision-making abilities with 360° VR during an offseason and compare their accuracy results 

to a control group over the course of a season. Because of the speed and scope of decision-

making in softball, it is likely that the findings of this study could also apply to other sports, 

though there may need to be adjustments in the filming and study execution due to each sports’ 



unique officiating needs. In the final analysis, any method that can improve sports official 

decision-making improves the entire sports official profession, as well as the sports field in 

general.  

 Although the present research focused on 360° VR and decision-making for softball 

umpires and sports officials, the researcher also believes that the cost, risk of VR sickness, and 

perhaps perceived technical expertise required to implement 360° VR videos represent barriers 

to many sporting organisations. Thus, the implementation of 1st person videos via a 180° 

camera such as a GoPro camera would be an option.  Although priced similarly, GoPro-type 

cameras and cameras similar to them are arguably easier to use because of their myriad 

mounting kits. A softball umpire may simply mount the GoPro camera to their uniform’s chest 

via a chest mount device. This would likely be more comfortable, secure, and less of an 

impediment to their movements than a 360° camera mounted atop their hat.  Umpires may still 

be able to look at a game through the more beneficial first-person perspective on any display 

screen. The primary concern with using a GoPro camera and not uploading it into a VR HMD 

for viewing would be the loss of immersion, presence, and embodiment offered 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 as a cheaper alternative to a 360° camera and VR HMD combination device set. 

There is also the possibility of uploading 180° GoPro video into a VR HMD.  Again, while this 

may not utilise 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 American football, 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 decision-making of referees and umpires across a realm of sports. Qualitative data 
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suggests and calls for future research to continue exploring this largely untapped decision-

making training tool. 360° VR decision-making training may both sharpen and magnify some 

of the advantages of the broadcast videos in terms of access to training anytime, anywhere. 

Lastly, as suggested by one of the interviewees, 360°VR videos can build upon the benefits of 

training with manuals or rulebooks because it “…brings to life the literature”. 
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Participant Information Sheet (360° Video Filming) 

Umpires and softball players in Softball New Zealand 

Date Information Sheet Produced: 

13 November 2019 

Project Title 

Training decision-making in softball umpires using 360° virtual reality 

An Invitation 

Kia Ora! 

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

ƛǘǎ ƪƛƴŘ ƛƴ bŜǿ ½ŜŀƭŀƴŘΦ aȅ ƴŀƳŜ ƛǎ YŜƻƴŜ YŀƛǎŜǊ ŀƴŘ L ŀƳ ŀ ŎŀƴŘƛŘŀǘŜ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƻŦ {ǇƻǊǘ ŀƴŘ 

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 tournaments being 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 combining 360°video of crucial softball plays (at 2nd base) and VR technology, this research seeks 

to determine if VR technology can be utilised to improve decision-making of sports officials. The 

research compares whether training umpire decision-making is enhanced through 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 decision-making 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 

ǳǎŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƛƴ {ǇƻǊǘ ŀƴŘ 9ȄŜǊŎƛǎŜΦ 

How was I identified and why am I being invited to participate in this research? 

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 I agree to participate in this research? 

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 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 the findings 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 analysis.  

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 measures 10.6 cm x 4.6 cm x 4.5 cm. They will be encased in a silicone case to protect 
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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 to March. 

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 VR headsets. Some participants may feel 

uncomfortable being filmed.  

There is a possibility that umpires will not find the cap-mounted cameras comfortable.  

How will these discomforts and risks be alleviated? 

Alternative camera mounts are possible, including shoulder-mounted 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 study, rehabilitation 

and compensation 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 novel way of coaching that has previously been used in softball before 

ŀƴŘ ǿƛƭƭ ƭƛƪŜƭȅ ƛƳǇǊƻǾŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜŎƛǎƛƻƴ-making skills. It will also provide insights into ways to 

further enhance umpire training methods. 

For softball umpires: 



The potential benefits are directly correlated with their umpire duties.  These benefits include 

improved decision-making in softball games. This research may benefit the less-experienced 

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 springboard towards future research. 

For the wider sports science community: 

 this research can add to the body of knowledge on Virtual Reality and training decision-making in 

sports officials. At present, 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 ensured 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. 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? 

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

game time. 

What opportunity do I have to consider this invitation? 
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Participants will have two weeks to consider the invitation. 

Will I receive feedback on the results of this research? 

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

Will I 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 approximate $25 value. 

What do I do if I 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 Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

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

!¦¢9/Σ YŀǘŜ hΩ/ƻƴƴƻǊΣ ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information 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 Kaiser, keone.kaiser@gmail.com, 02108354696 

Project Supervisor Contact Details: 

Kirsten Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

 

Approved by the Auckland University of Technology Ethics Committee on 10/12/2019, AUTEC Reference number 19/449. 

mailto:kirsten.spencer@aut.ac.nz
mailto:keone.kaiser@gmail.com
mailto:kirsten.spencer@aut.ac.nz
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Appendix B: Broadcast Video Information Sheet 

                   

 

 

 

 

 

 

 

 

 

 

 

  



 

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 

Training decision-making in softball umpires using 360° virtual reality 

An Invitation 

Kia Ora! 

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

its kind in New Zealand. My name is Keone Kaiser and I am a candiŘŀǘŜ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƻŦ {ǇƻǊǘ ŀƴŘ 

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 tournaments being 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 combining 360°video of crucial softball plays (at 2nd base) and VR technology, this research seeks 

to determine if VR technology can be utilised to improve decision-making of sports officials. The 

research compares whether training umpire decision-making 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 decision-making 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 

ǳǎŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƛƴ {ǇƻǊǘ ŀƴŘ 9ȄŜǊŎƛǎŜΦ 

How was I identified and why am I being invited to participate in this research? 

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 I agree to participate in this research? 

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 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 the findings 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 analysis.  

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 



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 participating in 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 study, rehabilitation 

and compensation 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 ultimately provide a novel way of coaching that has not been done and will likely 

ƛƳǇǊƻǾŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜŎƛǎƛƻƴ-making ability. 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 decision-making in softball games. This research may benefit the less-experienced 

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 springboard towards 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 decision-making in 

sports officials. At present, 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 ensured via ID number assigned to them (the researcher will only see 

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? 

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

additional costs. 

What opportunity do I have to consider this invitation? 

Participants will have two weeks to consider the invitation. 

Will I receive feedback on the results of this research? 

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

What do I do if I 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 Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

mailto:kirsten.spencer@aut.ac.nz


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

!¦¢9/Σ YŀǘŜ hΩ/ƻƴƴƻǊΣ ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information 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 Kaiser, keone.kaiser@gmail.com, 02108354696 

Project Supervisor Contact Details: 

Kirsten Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

 

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

Reference number 19/449. 

  

mailto:keone.kaiser@gmail.com
mailto:kirsten.spencer@aut.ac.nz
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Appendix C: Expert Panel Information Sheet (Stage 1) 

  



 

Participant Information Sheet (Expert Panel) 

Umpires and softball players in Softball New Zealand 

Date Information Sheet Produced: 

13 November 2019 

Project Title 

Training decision-making in softball umpires using 360° virtual reality 

An Invitation 

Kia Ora! 

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

ƛǘǎ ƪƛƴŘ ƛƴ bŜǿ ½ŜŀƭŀƴŘΦ aȅ ƴŀƳŜ ƛǎ YŜƻƴŜ YŀƛǎŜǊ ŀƴŘ L ŀƳ ŀ ŎŀƴŘƛŘŀǘŜ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƻŦ {ǇƻǊǘ ŀƴŘ 

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 tournaments being 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 combining 360°video of crucial softball plays (at 2nd base) and VR technology, this research seeks 

to determine if VR technology can be utilised to improve the development of decision-making of 

sports officials. The research compares whether training umpire decision-making 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 decision-making 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 

ǳǎŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƛƴ {ǇƻǊǘ ŀƴŘ 9ȄŜǊŎƛǎŜΦ 

How was I identified and why am I being invited to participate in this research? 

You have received 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 I agree to participate in this research? 

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 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 the findings have been produced, 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 arrive at a 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 decision-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. 

How will these discomforts and risks be alleviated? 

The expert panel participants may opt out of the research at any time. 

What compensation is available for injury or negligence? 

In the unlikely event of a physical injury as a result of your participation in this study, rehabilitation 

and compensation 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 novel way of coaching that has not been done and will likely improve 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ Řecision-making ability. 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 decision-making in softball games. This research may benefit the less-experienced 

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 springboard towards future research. 

For the wider sports science community: 
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 This research can add to the body of knowledge on Virtual Reality and training decision-making in 

sports officials. At present, 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 expert-panel umpires will be ensured via ID number assigned to them (the 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? 

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

hours. 

What opportunity do I have to consider this invitation? 

Participants will have two weeks to consider the invitation. 

Will I receive feedback on the results of this research? 

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

Will I 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 approximate $25 value. 

What do I do if I 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 Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

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

!¦¢9/Σ YŀǘŜ hΩ/ƻƴƴƻǊΣ ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information 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 Kaiser, keone.kaiser@gmail.com, 02108354696 

Project Supervisor Contact Details: 

Kirsten Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

 

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

Reference number 19/449. 
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Appendix D: Video Viewing and Ecological Validity Information Sheet 

 

 

 

  

 

  



 

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 decision-making in softball umpires using 360° virtual reality 

An Invitation 

Kia Ora! 

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

ƛǘǎ ƪƛƴŘ ƛƴ bŜǿ ½ŜŀƭŀƴŘΦ aȅ ƴŀƳŜ ƛǎ YŜƻƴŜ YŀƛǎŜǊ ŀƴŘ L ŀƳ ŀ ŎŀƴŘƛŘŀǘŜ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƻŦ {ǇƻǊǘ ŀƴŘ 

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 at a 

Softball NZ national tournament held in New Zealand on January 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 combining 360°video of crucial softball plays (at 2nd base) and VR technology, this research seeks 

to determine if VR technology can be utilised to improve decision-making of sports officials. The 

research compares whether training umpire decision-making 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 decision-making 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 

ǳǎŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƛƴ {ǇƻǊǘ ŀƴŘ 9ȄŜǊŎƛǎŜΦ 

How was I identified and why am I being invited to participate in this research? 

You have received this information sheet because 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 I agree to participate in this research? 

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 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 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 selected 2nd base 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 approximately one minute to 

finish. 



After completion of the questionnaire, you will be asked to watch 10 3-5 second-long 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 Broadcast videos will be provided via a Google Drive link to your provided e-mail address.  

Prior to each play, there will be a two-second long white screen to designate the beginning of the 

play, after which the second-base play presentation will automatically commence. A two-second 

long black screen will designate the end of the play. 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 participant. The total expected time for this portion of the research is 

estimated at 1.5 -2 minutes. 

To view the 360° VR videos, participants will be asked to meet with the researcher in a secure 

ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŎƘƻƻǎƛƴƎΦ  ¢ƘŜ ǊŜǎŜŀǊŎƘŜǊ ǿƛƭƭ ǘƘŜƴ ŀǎǎist the participant with setting up 

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 

ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ DŀƭŀȄȅ ǇƘƻƴŜΩǎ buttons, the participant will commence playback of the videos. Each 

play is preceded by a two-second long white screen, while a two-second long black screen 

designates the completion of the play. After each play, you will pause the video playback and mark 

ǿƘŜǘƘŜǊ ǘƘŜ Ǉƭŀȅ ǿŀǎ ǎŀŦŜ ƻǊ ƻǳǘ ƻƴ ŀ DƻƻƎƭŜ ŘƻŎǳƳŜƴǘ όǿƘƛŎƘ ǿƛƭƭ ōŜ ǳǇƭƻŀŘŜŘ ƻƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ 

provided laptop). Video clips will be randomised for each participant. The total expected time for 

this portion of the research is estimated at between 1.5- 2 minutes. 

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 two-week pause period you will then watch 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 



105 

 

indicated by the instructions on the scale, please mark along the line how close to game-likeness you 

felt the decision-making was for each video format. This will take approximately 5 seconds to 

complete. After completion, please return the envelope to the researcher in the provided prepaid 

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 wearing 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 

and ǿƛƭƭ ƭƛƪŜƭȅ ƛƳǇǊƻǾŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜŎƛǎƛƻƴ-making skills. It will also provide insights into ways to 

further enhance umpire training methods. 

For softball umpires: 

The potential benefits are directly correlated with their umpire duties.  These benefits include 

improved decision-making in softball games. This research may benefit the less-experienced 

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 springboard towards future research. 



For the wider sports science community: 

 This research can add to the body of knowledge on Virtual Reality and training decision-making in 

sports officials. At present, 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? 

Confidentiality of umpires will be ensured 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. 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? 

The total video-ǾƛŜǿƛƴƎ ŀƴŘ Ǿƛǎǳŀƭ ŀƴŀƭƻƎǳŜ ǎŎŀƭŜ ǘƛƳŜ ŎƻƳƳƛǘƳŜƴǘ ŦƻǊ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ 

contribution is estimated 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 I have to consider this 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 the ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƻǿƴ ǳƴƛǉǳŜ ǊŜǎǳƭǘǎ ǿƛƭƭ ōŜ Ŝ-mailed to them. 

Will I receive any compensation for participating in this research? 
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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 I do if I 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 Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

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

AUTEC, Dr Carina Meares, ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information 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 Kaiser, keone.kaiser@gmail.com, 02108354696 

Project Supervisor Contact Details: 

Kirsten Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

 

Approved by the Auckland University of Technology Ethics Committee on 3/7/2020, AUTEC Reference number 19/449. 
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Oculus Quest Head Mounted Display Unit and Controllers 

 

 

 

 

 

 

                   

 

 

 

Visual Analogue Scale 

Nothing like match 

decision-making 

Exactly like match 
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Nothing like match 
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Exactly like match 

decision-making 

360° VR Video 

2D Broadcast Video 

Make a dash on the line for how each method feels like your match decision-making 
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Appendix E: Expert Panel (Stage 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Participant Information Sheet (Expert Panel) 

Umpires and softball players in Softball New Zealand 

Date Information Sheet Produced: 

11 June  2020 

Project Title 

Training decision-making in softball umpires using 360° virtual reality 

An Invitation 

Kia Ora! 

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

ƛǘǎ ƪƛƴŘ ƛƴ bŜǿ ½ŜŀƭŀƴŘΦ aȅ ƴŀƳŜ ƛǎ YŜƻƴŜ YŀƛǎŜǊ ŀƴŘ L ŀƳ ŀ ŎŀƴŘƛŘŀǘŜ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƻŦ {ǇƻǊǘ ŀƴŘ 

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 at a 

Softball NZ national tournament held in New Zealand on January 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 combining 360°video of crucial softball plays (at 2nd base) and VR technology, this research seeks 

to determine if VR technology can be utilised to improve the development of decision-making of 

sports officials. The research compares whether training umpire decision-making 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 decision-making 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 

ǳǎŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƛƴ {ǇƻǊǘ ŀƴŘ 9ȄŜǊŎƛǎŜΦ 

How was I identified and why am I being invited to participate in this research? 

You have received this 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 expert-panel umpires. 

How do I agree to participate in this research? 

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 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 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 watch 20 3-5 

second videos from previously broadcasted Softball NZ games, and 20 3-5 second 360°VR videos 

from the 2020 Vic Guth NZ Softball Tournament. There will be a five-second-long black screen 

between each video, for both formats. You may use this period to mark your call on the provided 



paper. Thus, the total viewing length for each video format will last approximately 2.5 to 3.5 

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

Previously broadcasted Softball NZ games will be watched alongside your fellow expert-panel peers 

on a provided computer and projector screen, while the 360°VR videos will be watched solo via a 

provided Samsung Gear VR headset (see attached picture). When switching from broadcast video 

format to 360°VR format, there will be a one-minute 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 

antibacterial 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 fellow expert 

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 the 360° 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 expected time to discuss calls amongst your peers for both formats is 

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

ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǳǎŜΦ ¢ƘŜǎŜ ŘŜŎƛǎƛƻƴǎ ǿƛƭƭ ƭŀǘŜǊ ōŜ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ŘŜcision-

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 could be some discomfort when wearing the VR headsets.  
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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 that has not been done and will likely improve 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜŎƛǎƛƻƴ-making ability. 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 decision-making in softball games. This research may benefit the less-experienced 

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 springboard towards future research. 

For the wider sports science community: 

 This research can add to the body of knowledge on Virtual Reality and training decision-making in 

sports officials. At present, 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? 



Confidentiality of expert-panel umpires will be ensured via ID number assigned to them (the 

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? 

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

hours. 

What opportunity do I have to consider this invitation? 

Participants will have two weeks to consider the invitation. 

Will I receive feedback on the results of this research? 

!ŦǘŜǊ ǘƘŜ ǊŜǎŜŀǊŎƘΩǎ ŎƻƳǇƭŜǘƛƻƴΣ ŦŜŜŘōŀŎƪ ƻƴ ǘƘŜ ƻǾŜǊŀƭƭ ǊŜǎǳƭǘǎ ǿƛƭƭ ōŜ ǇǊƻǾƛŘŜŘ ōȅ ŜƳŀƛƭΦ 

Will I receive any compensation for participating in this research? 

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

gift card with an approximate $25 value. This is not offered as an inducement to participate, but as a 

ǘƻƪŜƴ ƻŦ ŀǇǇǊŜŎƛŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ŦƻǊ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǊŜǎŜŀǊŎƘ ŎƻƴǘǊƛōǳǘƛƻƴΦ 

What do I do if I 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 Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

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

AUTEC, Dr Carina Meares, ethics@aut.ac.nz , 921 9999 ext 6038. 
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Whom do I contact for further information 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 Kaiser, keone.kaiser@gmail.com, 02108354696 

Project Supervisor Contact Details: 

Kirsten Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

 

Approved by the Auckland University of Technology Ethics Committee on 3/7/2020, AUTEC Reference number 19/449. 
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Appendix F: Interview Participant Information Sheet 

 

 

 

  



 

Participant Information Sheet (Interview) 

Umpires in Softball New Zealand 

Date Information Sheet Produced: 

30 November 2020 

Project Title 

Training decision-making in softball umpires using 360° virtual reality 

An Invitation 

Kia Ora! 

As a current participant in a research study on decision-making in softball umpires using 360° virtual 

reality, you are invited to participate in an interview to provide valuable 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 (at 2nd base) and VR technology, this research seeks 

to determine if VR technology can be utilised to improve decision-making of sports officials. The 

research compares whether training umpire decision-making is enhanced through 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 decision-making 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 

ǳǎŜŘ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ aŀǎǘŜǊΩǎ ƛƴ {ǇƻǊǘ ŀƴŘ 9ȄŜǊŎƛǎŜΦ 
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How was I identified and why am I being invited to participate in this research? 

You have received this information sheet because you are a current participant in my study on 

training decision-making in softball umpires using 360° virtual reality, and notified me on an earlier 

consent form that you wanted to receive e-mailed results of your earlier participation. I hope that 

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

How do I agree to participate in this research? 

By completing the consent form provided alongside this information sheet, scanning or taking a 

picture of the signed consent form, and e-mailing 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 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? 

We will schedule a one-hour period of time to conduct an interview via Zoom, Google Meet, Skype, 

or phone call. Please choose whatever method is most convenient and comfortable with you. During 

that interview, I will ask you seven questions. Your responses will be recorded via video and audio 

formats, supplemented by written note-taking 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 via e-mail. The interview will be 

analysed using the NVivo software data analysis program. Data 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. 

 



What are the discomforts and risks? 

It is not anticipated that participants will experience 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 point up to 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 their umpire duties.  Your feedback can help shape 

the future of training SNZ umpire decision-ƳŀƪƛƴƎ ǘƘǊƻǳƎƘ ǊŜǎǳƭǘƛƴƎ ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΩǎ 

deployment. 

For the researcher: 

the interview data serves will help the researcher produce a more comprehensive thesis 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 potential springboard towards future research. 

For the wider sports science community: 

interview data can add to the body of knowledge on Virtual Reality and training decision-making in 

sports officials. At present, 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. 
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How will my privacy be protected? 

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

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 forms from the 

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 no 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 I have to consider this 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 as well as a copy of the interview transcript will be 

provided by way of email.  

Will I 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 with an approximate $25 value. 

What do I do if I 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 Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999  x 7239 

mailto:kirsten.spencer@aut.ac.nz


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

AUTEC, Dr Carina Meares, ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information 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 Kaiser, keone.kaiser@gmail.com, 02108354696 

Project Supervisor Contact Details: 

Kirsten Spencer, kirsten.spencer@aut.ac.nz, 09 921 9999 x 7239 

 

Approved by the Auckland University of Technology Ethics Committee on 15/12/2020, AUTEC Reference number 19/449. 

  

mailto:keone.kaiser@gmail.com
mailto:kirsten.spencer@aut.ac.nz
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Appendix G: Consent form for 360° Video Filming 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Consent Form  

Project title: Training decision-making 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 Sheet dated 10 December 2019. 

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

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

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

¹ I understand that if I withdraw from the study then I 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, removal of my data may not be possible. 

¹ I 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  

¹ I agree to take part in this research, participating in training using VR. 

¹ I agree to have my data stored for 6 years in the SPRINZ database: Yes¹ No¹ 

¹ I give permission for my data recorded from this research to be used for future research 

projects:  

                    Yes¹       No¹ 

¹ I wish to receive a summary of the research findings (please tick one): Yes¹ No¹ 

¹ I give consent for my videos to be used for purposes such as media around this research if 

they are chosen (please tick one): Yes¹ No¹ 
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¡ I give consent for any photographs related to this research to be used for purposes such as 

media around this research if they are chosen (please tick one): Yes¹ No¹ 

¹ I permit the researcher to use the videos that are part of this project and/or any pictures 

from them and any other 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 that 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. 

¹ I understand that any copyright material created by the photographic sessions is deemed to 

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

 

tŀǊǘƛŎƛǇŀƴǘΩǎ ǎƛƎƴŀǘǳǊŜΥ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

tŀǊǘƛŎƛǇŀƴǘΩǎ ƴŀƳŜΥ .....................................................ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

tŀǊǘƛŎƛǇŀƴǘΩǎ /ƻƴǘŀŎǘ 5Ŝǘŀƛƭǎ όƛŦ ŀǇǇǊƻǇǊƛŀǘŜύΥ 

ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Date:  

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

Reference number 19/449 

 

 

 

 

 

 



Appendix H: Consent Form for Video Viewing and Expert Panel 
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Consent Form 

Project title: Training decision-making 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 Sheet dated 22 June 2020. 

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

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

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

¹ I understand that if I withdraw from the study then I 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, removal of my data may not be possible.  

¹ I agree to take part in this research, participating in training using VR. 

¹ I agree to have my data stored in the SPRINZ facility on a memory stick for six years, after 

which the data will be destroyed:  Yes¹     No¹ 

¹            I understand that my data will not be used for future projects 

¹ I wish to receive a summary of the research findings (please tick one): Yes¹ No¹ 

¹            I wish to receive a summary of the research findings (please tick one): Yes¹ No¹ 

 

 

 

 

tŀǊǘƛŎƛǇŀƴǘΩǎ ǎƛƎƴŀǘǳǊŜΥ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 



tŀǊǘƛŎƛǇŀƴǘΩǎ ƴŀƳŜΥ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

tŀǊǘƛŎƛǇŀƴǘΩǎ /ƻƴǘŀŎǘ 5Ŝǘŀƛƭǎ όƛŦ ŀǇǇǊƻǇǊƛŀǘŜύΥ 

ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Date:  

 

Approved by the Auckland University of Technology Ethics Committee on 3/7/2020 AUTEC 

Reference number 19/449 
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Appendix I: Interviewee Consent Form 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Consent Form (Interview) 

Project title: Training decision-making 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 Sheet dated 4 December 2020. 

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

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

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

¹ I understand that if I withdraw from the study then I 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, removal of my data may not be 

possible.  

¹ I understand that I will be video recorded and also that the interview will be transcribed. 

¹             I understand that notes will be taken during the interview. 

¹ I agree to have my data stored in the SPRINZ facility on a memory stick for six years, after 

which the data will be destroyed:  Yes¡     No¡ 

¹ I understand that I 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 I agree to take part in this research. 

¹ I wish to receive a summary of the research findings (please tick one): Yes¡ No¡ 
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tŀǊǘƛŎƛǇŀƴǘΩǎ ǎƛƎƴŀǘǳǊŜΥ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

tŀǊǘƛŎƛǇŀƴǘΩǎ ƴŀƳŜΥ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

tŀǊǘƛŎƛǇŀƴǘΩǎ /ƻƴǘŀŎǘ 5Ŝǘŀƛƭǎ όƛŦ ŀǇǇǊƻǇǊƛŀǘŜύΥ 

ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Date:  

 

Approved by the Auckland University of Technology Ethics Committee on 15/12/2020 AUTEC 

Reference number 19/449 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix J: AUTEC Approval 360° Video Filming 
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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 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 decision-making 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 has been approved for three years until 10 December 2022. 

Non-Standard Conditions of Approval 

1. In the Information Sheet for 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 study.  Non-standard 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 with the Auckland University of Technology Code of Conduct for 

Research 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. A final 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 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 acceptability of the project 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. 

mailto:ethics@aut.ac.nz
https://www.aut.ac.nz/__data/assets/pdf_file/0006/274371/AUT-CODE-OF-CONDUCT-FOR-RESEARCH-2019.pdf
https://www.aut.ac.nz/__data/assets/pdf_file/0006/274371/AUT-CODE-OF-CONDUCT-FOR-RESEARCH-2019.pdf


AUTEC grants ethical 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 meet all ethical, legal, and locality obligations or requirements for those jurisdictions. 

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

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through 

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

Yours sincerely, 

 

 

Kate O’Connor 

Executive Manager 

Auckland University of Technology Ethics Committee 

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

 

 

 

 

 

 

 

 

 

mailto:ethics@aut.ac.nz
http://www.aut.ac.nz/research/researchethics
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Appendix K: Video Viewing and Expert Panel AUTEC Approval 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Auckland University of Technology 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 

3 July 2020 

Kirsten Spencer 

Faculty of Health and Environmental Sciences 

Dear Kirsten 

Re Ethics Application: 19/449 Training decision-making 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 two (the formation of an expert panel, its video selections of 2D broadcast and 360° 

VR videos, data collection of  2D 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 states ‘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’. 

Non-standard conditions must be completed before commencing your study.  Non-standard 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 with the Auckland University of Technology Code of Conduct 

for Research 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. A final 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 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. 

mailto:ethics@aut.ac.nz
https://www.aut.ac.nz/__data/assets/pdf_file/0006/274371/AUT-CODE-OF-CONDUCT-FOR-RESEARCH-2019.pdf
https://www.aut.ac.nz/__data/assets/pdf_file/0006/274371/AUT-CODE-OF-CONDUCT-FOR-RESEARCH-2019.pdf
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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 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 organisation at which 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 on all future correspondence related to this project. 

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through 

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

 

(This is a computer-generated letter for which no signature is required) 

The AUTEC Secretariat 

Auckland University of Technology Ethics Committee 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:ethics@aut.ac.nz
http://www.aut.ac.nz/research/researchethics
mailto:kevin.sheehy@aut.ac.nz


Appendix L: Interview Approval AUTEC 
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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 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 decision-making in softball umpires using 360 virtual reality 

Thank you for your request for approval of amendments to your ethics application. 

The amendment to the recruitment and data collection protocols (follow up interview) has been approved. 

I remind you of the Standard Conditions of Approval. 

1. The research is to be undertaken in accordance with the Auckland University of Technology Code of 
Conduct for Research 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. A final 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 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 acceptability of the project 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. 

AUTEC grants ethical 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 meet all ethical, legal, and locality obligations or 

requirements for those jurisdictions. 

mailto:ethics@aut.ac.nz
https://www.aut.ac.nz/__data/assets/pdf_file/0006/274371/AUT-CODE-OF-CONDUCT-FOR-RESEARCH-2019.pdf
https://www.aut.ac.nz/__data/assets/pdf_file/0006/274371/AUT-CODE-OF-CONDUCT-FOR-RESEARCH-2019.pdf


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

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through 

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

 

(This is a computer-generated letter for which no signature is required) 

The AUTEC Secretariat 

Auckland University of Technology Ethics Committee 

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

 

 

 

 

 

 

 

 

 

 

 

 

mailto:ethics@aut.ac.nz
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Appendix M: Demographics Questionnaire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Questionnaire 

 

1. What is your age in years? 

     □ Please specify: __________ 

     □ Prefer not to specify 

 

2. How do you currently describe your gender identity? 

     □ Please specify: ___________ 

     □ I prefer not to answer 

 

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

    □ Please specify: _____________ 

    □ I prefer not to answer 
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5. What is your current Softball NZ umpire level? 

    □ Please specify: ________ 

    □ I prefer not to answer 

 

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

    □ Yes 

    □ No 

 

7. Approximately how many games have you umpired? 

     □ 1-25 

     □ 26-50 

     □ 51-75 

     □ 76-100 

     □ 101-125 

     □ 126-150 

     □ 151+ 

 



8. Have you previously participated as a softball player? 

     □ Yes 

     □ No 

 

9. If so, for how many seasons? 

     □ Please specify: _____________ 

     □ I prefer not to answer 
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Appendix N: Interview Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Training decision-making in softball umpires using 

360° virtual reality 

 

The indicative interview questions will be as follows: 
 

 

1. Which video method for training decision-making did you enjoy more, and why? 

2. What are some potential advantages of each video training method? 

3. What are some potential disadvantages of each video training method? 

4. Did you enjoy making decisions more with the 360° VR technology, or the broadcast 

video technology? Please explain. 

5. Is 360 ° VR something you think could be used to train SNZ umpires? Why or why 

not? 

6. How did the camera stability of the 360 ° VR affect your experience with the 360 ° 

VR videos. 

7. Do you think reality-likeness in 360 ° VR videos is essential to training decision-

making? Why or why not? 

 

 


