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Preface 
 

This thesis for the degree of Doctor of Philosophy is in the format of collated manuscripts 

intended for publication and abides by the ‘Procedures for Presentation and Submission of 

Theses for Higher Degrees – University of Technology, Sydney; Policies and Directions of the 

University. All manuscripts included in this thesis are closely related in subject matter and form 

a cohesive research narrative.  

 

Based on the research design and data collected by the candidate, four manuscripts have been 

prepared for submission into jeer reviewed journals. These papers are initially brought together 

by an Introduction, which provides background information, defines the research problem and 

the aim of each study. A Literature Review then follows to provide an overview of previous 

knowledge regarding Factors affecting training, evaluation, and performance of professional 

referees in the Australian National Rugby League (NRL). The body of the research is presented 

in manuscript form (Chapter Three to Chapter Six), in a logical sequence following the 

development of research ideas in this thesis. Each manuscript outlines and discusses the 

individual methodology and the findings of each study separately and includes all referencing 

specific to each manuscript in each chapter. The General Discussion chapter provides an 

interpretation of the collective findings, makes some practical recommendations, and 

acknowledges the limitations from the series of investigations that comprise this thesis. Finally, 

a Summary and Recommendations chapter presents the conclusions from each project and 

directions for future research to build on the findings of this thesis are suggested. The APA 6th 

reference style has been used throughout the document and the full reference list is at the end 

of the thesis. 
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Abstract 
 

Sports officials are critical constituents to team sports competition, of which professional rugby 

league is no exception. Successful performance in sports officiating involves a complex 

interplay of components including, but not limited to; physical, technical, and perceptual-

cognitive factors. When comparing literature on sports officiating there is a clear paucity of 

research investigating the performance of rugby league referees. As a result, there is a 

deficiency in evidence–based practice when evaluating and training rugby league referees. This 

is of concern given the prominence of the elite rugby league competition has on the Australian 

sporting landscape. Given the scarcity of research into rugby league referees this thesis adapted 

a conceptual model rugby union referee performance as a framework for a preliminary, multi-

disciplinary investigation into factors that affect performance of elite rugby league referees. 

This thesis contains four studies with the aims of; (1) improving understanding of the 

physiological demands of the current 2-referee model utilised in the elite rugby league 

competition in Australia, and, (2) the contextual factors that affect physical performance of the 

referees in the 2-referee model. It is widely reported in the literature that the physical aspect of 

refereeing is only one component of referee performance, therefore, in addition to physical 

performance, the thesis also aimed to (3) examine to what extent other measurable referee 

performance variables, including technical psychological and perceptual-cognitive, contributed 

to rugby league referee performance evaluation. Finally, the thesis aimed to (4) create an 

ecologically valid decision-making task for referee decision making performance, and examine 

perceptual cognitive mechanisms underpinning elite referee decision making. 

 

Study One identified between-role differences for match-activity profiles for the two on-field 

referees (head vs. assist) under the current referee model. Study Two expanded on this research 
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to investigate how contextual factors, specifically referee match experience and referee fitness 

effect the match-activity profiles of elite rugby league referees. The findings highlighted the 

importance of cardio-vascular fitness for elite rugby league referees and the effects of referee 

match experience on movement and positioning. Combined, these studies further the 

understanding of how the referee roles differ and provide supporting evidence to suggest the 

development of role specific training programs. Study Three identified that no movement 

characterises positively factor into the evaluation of referee performance. Rather, referee 

penalty accuracy was found to contribute most to evaluation score. This highlights the 

importance of decision making to referee on-field performance. Finally, the Study Four created 

a valid, reliable, domain specific decision-making test for rugby league referees. Additionally, 

this study found that although referees outperformance non-referees on the decision-making 

task, they do not employ different gaze strategies to the control group when making decisions. 

Results suggest referee have greater ability to process visual information and have increase 

procedural knowledge when applying the rules of rugby league.  

 

In combination, the studies within the thesis provide insights into multi-factorial nature of 

rugby league referee performance. The results give evidence for development of appropriate 

physical training programs, while highlighting the importance of non-physical factors, such as 

perceptual cognitive skills, on referee performance. Furthermore, the thesis suggests that 

referee performance may be improved by the deliberate practice of referee domain-specific, 

perceptual-cognitive tasks in conjunction to role specific physical training programs. The 

unique, ecologically valid decision-making task had the potential to be utilised and future 

research investigations into factors affecting decision making of elite rugby league referees for 

talent identification purposes. 
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Outline 

This thesis contains a series of related studies which examine the development and validation 

of a quantitative performance measure for Australian National Rugby League (NRL) officials 

and an examination of the integrative factors that influence performance of rugby league 

officials. It is expected that the findings of the related studies within the thesis will add to the 

body of research for sports officials and establish a platform for future investigations into this 

cohort. aiming to provide practical outcomes to assist coaches and performance staff with the 

training and evaluation of rugby league referees. 

 

Background 

Rugby league is a team sport played in many countries world-wide. Rugby league has 

particularly high participation and public following in Australia, New Zealand, Great Britain, 

Papua New Guinea, and Fiji, with growing popularity in France, the United States of America, 

Italy, and several other countries. The NRL is the top tier competition for rugby league in 

Australia. The NRL competition consists of 16 professional teams that compete in a regular 

season (March-September) followed by a finals series in October to determine the overall 

champion. Along with the 16 professional teams that compete in the NRL, there is also a 

professional squad of referees (22) and touch-judges (12) that officiate during the matches both 

in the regular season and finals series, along with additional representative and international 

matches.  

 

Historically, rugby league games have been officiated by a single on-field referee, supported 

by two touch judges, and more recently a video referee. The referee controls the 10-m defensive 

line while positioning themselves in the best possible place to make a decision. However, in 



18 
 

2009 the NRL adopted a 2-referee system. Anecdotally, methodology of this model was to 

reduce the physical stress of the game on single referees and to try and ensure better decision-

making in the game. Within the NRL, the Head referee (HRef) assumes the more traditional 

role of holding the 10-m defensive line and controlling play, whereas the Assist referee (ARef) 

monitors the “play-the-ball,” sitting in the space (i.e., pocket) behind the attacking team’s ruck. 

The 2-referee system is also associated with experience. Typically, more experienced referees 

adopt the HRef role for approximately 80% of the game and the ARef for 20%, whereas the 

other less experienced referee acts as the ARef and HRef for 80% and 20%, respectively. These 

officials are employed by the NRL to implement the rules of the game along with controlling 

the flow and progression of the match (Brightmore et al., 2016). Similar to other team sports 

officials, refereeing rugby league requires a combination of physically and mentally demanding 

components (Elsworthy et al., 2014, Emmonds et al., 2015, Mascarenhas et al., 2005a). 

Consequently referees are required to make decisions during bouts of intermittent activity in 

response to the actions of the players, with subsequent performance being critical to both the 

spectacle and fairness of the game whilst maintaining the health and safety of its competitors 

(Brightmore et al., 2016, Castagna et al., 2007, MacMahon et al., 2014).  

 

The NRL competition is fully professional, with wide television exposure throughout 

Australasia and Europe, with the NRL’s last television and radio broadcast deal reported to be 

in excess of $1.9b Australian dollars (Jackson, 2015). Additionally, competing teams are 

supported with high levels corporate sponsorship, meaning success on the field is tightly 

coupled with financial reward. Moreover, recent increases in the prevalence of sports betting 

have seen a rise in the levels of scrutiny placed upon the NRL referees with expectations to 

perform their duties to the highest standard. Increased use of video replay and ‘video 

refereeing’ in the NRL is one example of the extent to which the NRL have moved to assure 
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that on-field refereeing decisions are as consistently accurate as possible. Somewhat 

alarmingly, despite the importance of refereeing performance to the integrity of the NRL 

competition, there is presently no reliable validated measure of NRL referee on-field 

‘performance’. While ‘optimal performance’ is critical for athletes, this concept is difficult to 

measure for sporting officials as on-field performance cannot be measured in discrete variables 

such as time or error counts or binary win/loss ratios. It is generally considered that physical 

capacity, decision-making accuracy, reaction time under high pressure situations, personality 

and management skills each contribute to an ‘elite referees’ performance (Castagna et al., 2002, 

Elsworthy et al., 2013, MacMahon et al., 2014, Mascarenhas et al., 2005a). Unfortunately, 

however, many of these attributes are not easily quantified with little understanding of how 

these aspects translate to on-field performance particularly in rugby league referees.  

 

The difficulty of quantifying referee performance is not unique to rugby league. While few, 

several researchers have examined the myriad of factors that determine successful team sports 

officiating, including; rugby union (Mascarenhas et al., 2005a, Mascarenhas et al., 2005c), 

soccer (Casajus and Castagna, 2007, Costa et al., 2013, Rampinini et al., 2009, Weston et al., 

2006, Weston et al., 2010) and Australian football (Elsworthy et al., 2015, Elsworthy et al., 

2014, Kittel et al., 2017, Larkin et al., 2011, Larkin et al., 2018), with most studies detailing 

movement demands of officials (Brightmore et al., 2016, Castagna et al., 2007, Elsworthy et 

al., 2015, Hoare, 2008, Weston et al., 2011), factors pertaining to training (Castagna et al., 

2002, Kay and Gill, 2004, Weston et al., 2007, Weston et al., 2004, Larkin et al., 2014, Larkin 

et al., 2016), with some studies beginning to address the complex interplay of factors that affect 

the decision making demands of sports officials (Elsworthy et al., 2013, Emmonds et al., 2015, 

Mascarenhas, 2005, Mascarenhas et al., 2009, Moore et al., 2019, Weston et al., 2010, Kittel 

et al., 2017, Larkin et al., 2018, Lorains et al., 2013). Of the published literature on rugby league 
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referees, the majority have focused purely on movement demands (Brightmore et al., 2016, 

Hoare, 2008, Kay and Gill, 2003, Kay and Gill, 2004, O'Hara et al., 2013, Sutherland et al., 

2015), with only two studies investigating decision making performance of rugby league 

referees (Elsworthy et al., 2015, Emmonds et al., 2015) and one study qualitatively outlining  

key performance areas for NRL officials (Morris and O’Connor, 2016).  

 

There is an apparent gap in the body of research with regards to rugby league officials with 

training programs relying heavily on anecdotal or outdated evidence, and current evaluation 

processes that are subjective in nature and lacking validation. Furthermore, this is no current 

method of assessing or comparing rugby league referees’ decision-making skill, within an 

ecologically valid assessment.   

 

Research Question – rationale linking studies 

The framework of the following thesis was designed to address several multi-disciplinary 

factors to NRL referee performance. Due to the scarcity of research within the cohort, the thesis 

aims to establish pilot studies and initial research protocols, in several areas of referee training, 

evaluation and performance. It is anticipated that the studies within this thesis will give 

evidence for the basis of further research investigations with more targeted, specific disciplines 

including, for example, physiology, skill acquisition, psychological and perceptual-cognitive 

domains. Thereby establishing a multidisciplinary platform for further research into the 

performance factors for rugby league referees in Australia.  

 

Rugby league referee performance consists of physical, technical and perceptual cognitive 

components (Emmonds et al., 2015, Mascarenhas et al., 2005a, Morris and O’Connor, 2016). 

Given there is only one investigation comparing the movement demands of the two on-field 
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roles (Brightmore et al., 2016) there is a need to greater understand the physical requirements 

of refereeing rugby league in the NRL (Study One), particularly under the currently utilised 2-

referee model to. Further to this, there would be of practical benefit for referee performance 

and conditioning staff to better understand if there any factors that influence movement 

demands during matches, for example, referee physical fitness, referee previous match-

experience and specific referee role during the match (Study Two). However, physical fitness 

and positioning are only one component of the cornerstones of refereeing performance 

(Mascarenhas et al., 2005a), indeed the NRL referees themselves ranked physical fitness as 

less important than other psychological and perceptual-cognitive based skills (Morris and 

O’Connor, 2016). To better understand what factors were important to rugby league referee 

evaluators, we needed to investigate what factors contribute to the referees’ evaluation score. 

Currently the NRL referees are evaluated subjectively by an evaluator post-match.to date 

however, there is a lack of understanding about which performance measures are attributed to 

successful or less successful performance. There would be great practical benefit for referee 

coaches, referee performance staff and referees themselves to greater understand which 

components of in-match outcomes influence the referees’ evaluation scores (Study Three). It 

is hypothesised that decision accuracy, specifically penalty accuracy contributed most the 

evaluation metric. Because of this we wanted to create an assessment for referee decision 

making, and specifically penalty accuracy. To date there has been no study that has used a 

rugby league specific decision-based task to determine any differences in referee expertise. 

Additionally, using gaze tracking technology, the researchers aim to determine if there are any 

differences in the gaze behaviour of differing expertise levels of referees (Study Four). This 

information could potentially be used both theoretically and practically in the development of 

training programs and talent identification platforms for current and future rugby league 
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referees and additionally as a tool for assessing factors that affect referee decision making in 

elite rugby league referees. 

 

Research Objectives  

A series of applied research studies were conducted to address the research question: 

• The first study quantified the variation between the physical and physiological demands 

of the separate on-field referee roles under the currently utilised 2-referee model in the 

NRL.   

• The second study further explored these findings to examine the effects of match-

related contextual factors, such as referee match experience and referee cardiovascular 

fitness, on the expected running demands of rugby league referees.  

• The third study used a linear regression analysis to identify the match-related contextual 

and random factors which explain the variation of referee post-match performance 

evaluation  

• The fourth study created an ecologically valid decision-making test using first person 

footage captured during top tier rugby league matches to assess referee decision 

accuracy. In addition, during the test the participants wore gaze-tracking technology 

during the assessment to determine any differences in gaze behaviour during the test.  

 

The analysis in this thesis are all data collected initially by the referee’s performance and 

coaching staff and analysed retrospectively by the primary research team (Chapters 3-6).    
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Progression of Studies 

                           

Figure 1.1: Conceptual model of linking of research studies within this thesis. 
 
 

Study 1: Comparison of the running demands of Australian National Rugby League 

referees under the '2-referee model'. 

 

Aim: Quantify physical and physiological match demands of Rugby League Refereeing in the 

NRL under the 2-Referee model. 

 

Significance: Understanding the physical running demands of the currently used refereeing 

model will assist referee performance staff with preparation, training, and recovery strategies 

for referees. Differences between referee roles may also advocate role specific specificity in 

this preparation. 

 

FACTORS FOR REFEREE 
PERFORMANCE

Movement and 
positioning
STUDY ONE

Contextual factors 
affecting movement and 

positioning
STUDY TWO

Factors that contribute 
to evaluation 
performance
STUDY THREE

Assessing referee 
decision making 
(hypothesized)

STUDY FOUR (a)

Assess mechanisms for 
referee decision making

STUDY FOUR (b)
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Hypothesis: The two referee roles in the NRL will exhibit different physical and physiological 

demands.  

 

Contribution made by study: 

1. Quantify running demands of each referee role 

2. Compare the demands of each role to advocate specific role-based training.  

 

Study 2: Contextual factors affecting running demands of Australian National Rugby 

League referees under the '2-referee model'. 

 

Aim: Examine if contextual factors influence the physical demands of Rugby League 

Refereeing in the NRL.  

 

Significance: Understanding how contextual factors, such as referee; fitness, experience and 

role, may or may not affect the running demands of Rugby League officiating could assist 

Referee Performance and Conditioning staff in both strength and conditioning programming 

and greater specificity in recovery practises after matches.  

 

Hypothesis: Contextual factors; referee fitness, referee experience and referee role, will have a 

significant effect on predicated referee running demands. 

 

Contribution of Study: 

1. Greater understanding contextual factors that influence on-field demands 

2. Ability for Referee performance and conditioning staff to greater ‘predict’ on-

filed running demands for individual referees based on contextual factors.  
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Study 3: Factors affecting National Rugby League referees’ performance evaluations  

 

Aim: Utilise a linear regression analysis to explain contextual and random factors and their 

influence on Rugby League referee post-match evaluations scores. 

 

Significance: This investigation will attempt to explain the variance in post-match evaluation 

scores for rugby league referees. This understanding will allow referees and referee coaches to 

understand the key performance indicators for rugby league officiating.  

 

Hypothesis:  

1. Differences in key match factors will explain the variance within referee post-match 

evaluation scores.  

2. Referee decision making accuracy (penalty accuracy) will be the main predictor of 

referee evaluation score 

 

Contribution of Study: 

1. Greater understanding of factors that influence referee post-match evaluation 

will potentially increase the validity and reliability of the current referee 

evaluation process 

2. Understanding which factors contribute to observed variation in evaluation 

scores may provide information on training focus for referee evaluators and 

performance staff 
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Study 4: Assessing rugby league referee decision-making and gaze behaviour in an 

ecologically valid video-based test 

   

Aim: Utilising Referee first-person video footage captured from top tier NRL matches, create 

an ecologically valid video-based assessment task to test decision-making and examine gaze 

behaviour in referees and non-referees.   

 

Significance: This will be the first known referee decision-making test using first-person video 

footage captured form a top tier rugby league competition. Other studies have utilised first 

person footage but in simulated situations, similarly other studies examining referee decision-

making have used video footage form top-tier matches but from third person or television broad 

cast footage. This unique perspective also allows for gaze tracking capture to identify any 

differences in gaze behaviour for referees of differing expertise levels, specifically experienced 

referees, and non-referees with high declarative knowledge of rugby league laws and 

interpretations. This may also allow for identification of correct and incorrect gaze patterns or 

key focal pints that may assist accurate decision-making.  

 

Hypothesis:  

1. The video-based assessment will be able to differentiate decision accuracy between 

rugby league referees of differing expertise levels.  

2. More experienced referees will score higher on the first-person video-based decision 

test 

3. Significant differences will be observed in the gaze behaviour of referees of different 

expertise levels during the first-person video based decision-making task.  
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Contribution of Study: 

Currently there is no valid test to assess rugby league referee decision-making accuracy in a 

contextually controlled environment. This study aims to create an ecologically valid video-

based assessment for rugby league referees. If valid, the test could be used in a controlled 

setting for testing and training of current referees and as a talent identification tool for future 

referees. Furthermore, the nature of the captured vision allows for referees experience the speed 

and skill level of the top tier rugby league competition in Australia. Examining the gaze 

behaviour of referees may allow for identification of key areas of focus and gaze patterns which 

translate to higher decision accuracy in certain situations. This would be a valuable coaching 

tool for both current and up-coming referees.  
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Literature Review 

Rugby League is a prominent team sport in Australia, in which the top-tier competition is the 

Australian National Rugby League (NRL). NRL matches include two competing teams of 13 

on-field athletes per team, with four substitute players available for interchange. The match 

duration consists of two 40-minute halves with a 10-15 minute interval at half-time, however 

total match-play times (including on-field stoppages) may be in excess of 90 minutes due to 

extra time scenarios when NRL match scores are level at the conclusion of normal play (80 

minutes). During matches RL referees enforce the laws of the game in an attempt to ensure the 

game is controlled, safe, the result has integrity and overall played in the best spirit of 

sportsmanship (Brightmore et al., 2016, Emmonds et al., 2015). The NRL uses a 2-referee 

model, whereby play is officiated by a (1) head and an (2) assist referee in the centre of the 

field during match-play (Brightmore et al., 2016, Emmonds et al., 2015). This model is unique 

and relatively new for rugby league, being introduced in into the NRL in 2009. The second-

tier competitions in New South Wales and Queensland are transitioning to the 2-referee model, 

however, generally rugby league competitions (e.g. Australian National Youth Competition, 

English Super League and international test matches) still maintain the 1-referee model.  

 

While there have been many investigations into physical demands (total distance, number of 

high intensity efforts, injury rates etc.) of RL athletes (Austin and Kelly, 2013, Gabbett, 2002, 

Kempton et al., 2013b, McLellan and Lovell, 2013, Sirotic et al., 2009, Sirotic et al., 2011a), 

there is relatively little information about the physical demands of professional rugby league 

referees, particularly investigating comparisons between the two referee roles under the 

contemporary 2-referee model, in the NRL competition.  
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Furthermore, while there are increasing studies into decision making and perceptual-cognitive 

performance factors for sports officials, such as rugby union (Mascarenhas, 2005, Mascarenhas 

et al., 2005b, Mellick et al., 2005, Moore et al., 2019), soccer (Catteeuw et al., 2009b, 

MacMahon et al., 2007, Spitz et al., 2016), and Australian Football (Elsworthy et al., 2015, 

Elsworthy et al., 2014, Larkin et al., 2011, Larkin et al., 2018, Larkin et al., 2014) there is 

currently no research investigating decision making evaluations or decision making 

intervention studies for rugby league officials. As decision making and perceptual cognitive 

skill is a fundamental skill for similar sports officials i.e. rugby union referees (MacMahon et 

al., 2014, MacMahon and Plessner, 2008) it is likely to be a foundation component for rugby 

league referee performance, yet no studies have investigated this key attribute for rugby league 

referees. Indeed, like rugby union, rugby league refereeing performance is likely to be a multi-

factorial skill comprised of many components however there has to date been no research to 

establish foundation investigations into rugby league referee performance other than movement 

and physiological profiles. 

 

Quantifying referee performance 

A difficulty in assessing refereeing performance is the ability to account for the large range of 

attributes that contribute to an elite refereeing performance. In an attempt to clarify what 

identifies an elite referee, Mascarenhas et al, (2005a) developed a model for elite rugby union 

refereeing performance. To achieve this, the authors conducted thematic content analyses on 

four literature sources: referee assessor reports (n=20), conference presentations (n=23), peer 

reviewed journal articles (n=58), and profiled elite rugby union referees (n=14). The inductive 

analysis of these four data sources resulted in five themes of refereeing performance (Figure 

2.1).  
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Figure 2.1: The cornerstones model of refereeing performance. (Mascarenhas et al., 2005a). 
 

 
Each theme was defined by  as listed below: 

1. Knowledge and Application of the Law: The underpinning knowledge of the law that 

allows referees to accurately interpret dynamic situations and penalize accordingly. 

2. Contextual Judgement: An application of the tenor of the game and the referee’s ability 

to alter his or her style of refereeing to suit the nuances of the game. 

3. Personality and Game Management: The verbal and non-verbal interpersonal skills that 

allow referees to communicate appropriately with players. 

4. Fitness and Positioning: The physical attributes that allow referees to “stay-up-with-

play”, see the game from an appropriate perspective, and use the appropriate signals. 

5. Characteristics of Excellence: Common elements including commitment, goal setting, 

imagery, planning, distraction control, responses to pressure situations and realistic 

performance evaluations.   

 

From this model it is evident that many of the cornerstones of referee performance would be 

difficult to quantify objectively, for example contextual judgement and referee personality are 

typically measured in a qualitative manner. It is therefore difficult to quantitatively measure 

referee performance. For example, when a match is reviewed post hoc, a referee’s decisions 

may be termed right or wrong if clearly in disagreement with the laws of the game. However, 

Characteristics 
of Excellence
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in some situations as suggested by the model presented by (Mascarenhas et al., 2005a) not 

ruling on a particular law maybe be contextually correct even if in direct argument with the 

laws of the game, for example not awarding a penalty in the first tackle of the game for a minor 

infringement. This conflict was highlighted by Morris & O’Connor, (2016) where NRL 

referees were asked to rank key performance factors. The two highest factors were; (1) decision 

accuracy, (2) and contextual decision accuracy, two seemingly confounding constructs, both 

of which being difficult to objectively quantify, these findings were found to be strikingly 

similar for Australian Football umpires (Kittel et al., 2019). Indeed, while the focus of research 

into rugby league referees has been focussed on physical attributes for referee performance, 

with only one descriptive study including an aspect of decision making (Emmonds et al., 2015), 

studies into other sports officials have highlighted assessing decision making capacity as 

perhaps the greatest difficulty when assessing sports officials, where the procedural knowledge 

and declarative knowledge may differ depending on the context of the match (Larkin et al., 

2011, MacMahon et al., 2014, Mascarenhas et al., 2005a). These differences will be highlighted 

in greater detail in decision making section of this review.  

 

From a practical sense, this increases the difficulty of evaluating the referees’ performance due 

to the high subjectivity. The use of expert coaches and experienced ex-referees during an 

evaluation process could provide an opportunity to quantify referee on-field performance, 

particularly if the evaluator is present at each match to grasp the context of decisions that may 

not have been apparent during a video review. Indeed, the NRL referees are currently evaluated 

in this way with a points metric awarded post each game (see Appendix A), however the system 

is yet to be validated with little comprehension about to which extent measurable performance 

indicators contribute to the evaluation score. Indeed there may be a number unquantifiable 

measures that coaches inherently and subjectively apply to this metric system, however a 
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factorial approach method is warranted to determine if and how quantifiable metrics, such as 

referee running demands, decision accuracy (post hoc), and post-match stress for example do 

contribute to this ‘performance score’. 

 

Physical Demands of Rugby League Refereeing  

Correct positioning of the referee on the field is critical for refereeing success i.e. the referee is 

required to be close enough to the position of play to clearly visually assess the game situation 

and increase the chance of a correct decision (MacMahon et al., 2014, Weston et al., 2010). 

Therefore, the referees must have the necessary physical capacities to keep up with the speed 

of the game (which is set by the players) (Casajus and Castagna, 2007, Weston et al., 2007). 

Recent developments in athlete tracking technology, primarily global positioning systems 

(GPS), coupled with heart rate monitors, now permit time motion analyses and physiological 

assessments (e.g. heart rate assessment) during competition matches (Coutts and Duffield, 

2010, McLellan and Lovell, 2013). This technology is common place in most high performance 

team-sports (Emmonds et al., 2015), as a result of these technological advances, the 

accompanying data have been used to provide insights into rugby league; match demands 

(Kempton et al., 2013b, McLellan and Lovell, 2013, Sirotic et al., 2009), develop positional 

profiles (Gabbett et al., 2014, Kempton et al., 2013a, Sirotic et al., 2011b) and examine effects 

of fatigue (Gabbett, 2004, Kempton et al., 2013a, Kempton et al., 2015) for players.  

 

While there is a plethora of research detailing match demands for rugby league players, there 

are presently only eight published studies that have investigated movement profiles; (total 

distance, distance in speed zones, accelerations and heart rate zones) for rugby league referees, 

the current literature all has notable limitations when examining the 2-referee system currently 

implemented by the National Rugby League. Most notably, only one of these studies 
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Brightmore et al. (2016) compared the match demands on referees under the current 2-referee 

model in the NRL, with a limited sample size. Whereas, Sutherland et al. (2015) investigated 

referee movement differences between the 1- and 2-referee models utilised in the second-tier, 

New South Wales Rugby League competition. Similarly, Pearce et al. (2017) instigated the 

running demands of referees compared to touch judges in the second-tier Queensland Rugby 

League Competition. Whereas the remaining studies were conducted on the 1-referee model 

(prior to the introduction of the second on-field referee in the NRL) (Hoare, 2008, Kay and 

Gill, 2003, Kay and Gill, 2004), with two studies conducting with European Super League 

officials (one referee model) (O'Hara et al. (2013)Emmonds et al. (2015). The above highlight 

the dearth of current research in the 2-referee model implemented in the contemporary top-tier 

of Australian rugby league.  

 

Initial studies on the NRL referee (1-referee system) have shown that the referee travels ~7607 

m during matches, with most distance covered (67%; 4651 m) between 0 and 1.94 m/s 

(walking/slow jogging), with 6% (443 m) between 4.72 and 8.33 m/s (sprinting) (Hoare, 2008). 

In comparison, Kay and Gill (2003) found NRL referees (1-referee system) covered 6700 ± 

400 m, with jogging (56%) comprising the largest proportion of distance covered, but with 2% 

consisting of sprinting (movement was categorized based on gait characteristics, no speed 

thresholds were provided). In contrast O'Hara et al. (2013) reported English super league 

referees (1-referee model) to travel a total distance of 8951 ± 746 m, with the greatest distance 

covered between 2.01 and 4.0 m/s (42%; 3717 m), but with a calculated distance of 5% (515m) 

>5.51 m/s. Combined, these studies examining the 1-referee model show that typically RL 

referee movement consists of bouts of high intensity movement, interspersed with periods of 

low-intensity exercise. The relative distance covered by SL referees has been reported to be 

77.9 ± 9.6 m/min (O'Hara et al., 2013) and 104.8 ± 10.0 m/min (Emmonds et al., 2015). 
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However, it is not possible to determine if this large difference is of practical importance 

because the data were collected using different sampling frequency GPS devices: 10 and 5 Hz, 

respectively and caution must be observed when comparing units of differing sampling 

frequencies (Brightmore et al., 2016, Coutts and Duffield, 2010).   

 

The 2-referee model was introduced with the aim of reducing the external load (i.e. 

physiological stress) of the HRef. Despite this however,  Sutherland et al. (2015) when 

comparing 1- and 2-referee models concurrently utilised in the second-tier NSWRL 

competition, found that the addition of the ARef increased the running demands of the HRef 

across low speed (<14.4 km/h), high speed (14.4 – 23 km/h), and total match distance speed 

bands when compared to the 1-referee model (HRef 1-referee model = Low speed: 6499 ± 586 

m, High speed: 1584 ± 236 m, Total: 8113 ± 609 m vs. HRef 2-Referee model = Low speed: 

6826 ± 279 m, High speed: 2102 ± 621 m, Total: 8630 ± 543 m) respectively. More notably 

these early findings – albeit from a lower level of rugby league competition – suggested that 

the introduction of second referee may increase decision accuracy by providing a second visual 

perspective behind the ruck position, but conceded that further investigation was required to 

verify (Sutherland et al., 2015).  

 

To date, there has only been one study to report on comparisons between HRef and ARef in 

NRL competition (Brightmore et al., 2016). This recent study examined 19 professional NRL 

referees officiating 45 NRL competition matches using 10 Hz GPS units. The total distances 

covered in match play ranged from 5462 to 8536 m and 6770 to 8675 m for the HRef and ARef, 

respectively. Despite the authors’ hypothesis of having different movement profiles between 

the roles –due to the different requirements of the different roles and the time spent in each role 

(i.e. each referee maintaining their role for approximately 80% of the match), that there would 
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be observed differences - there were no significant differences (trivial and small ES) between 

the mean distance covered by the HRef and ARef in the first half, second half, or in total match 

play (Table 2.1). The relative distance covered in match play ranged from 62.0 ─ 89.5 m/min 

and 75.7 ─ 96.7 m/min for the HRef and ARef, respectively. There were no significant 

differences (small ES) in the relative distance covered by the head and assist referee in total 

match play or in the first or second halves of the match. 

 

Interestingly, despite the lack of differences in activity profile (external load) between each 

half, both roles exhibited lower heart rates in the second halves (HRef = 1st half: 84.0 ± 2.6% 

HRmax vs 2nd half: 82.3 ± 3.1% HRmax, and ARef = 1st half: 86.1 ± 3.7% HRmax vs 2nd half: 

83.5 ± 3.2% HRmax), respectively. It was suggested that psychological aspects of refereeing 

(e.g. anxiety and stress) may have attributed to this (Brightmore et al., 2016). These 

cardiovascular responses are consistent with previous research on NRL referees (Hoare, 2008, 

Kay and Gill, 2004).  Despite these small within match reductions in heart rate, there were no 

between role differences in distances travelled and cardiovascular responses during match play 

(Brightmore et al., 2016).  

 

Taken collectively, the few previous studies show that regardless of their specific role, NRL 

referees have similar activity demands and physiological response to match play. However, it 

must be acknowledged that accurate comparisons between these studies are difficult as each 

were conducted at different times, where the referees may have received different coaching 

instructions (which may have influenced their positioning in matches.  Moreover, there is some 

preliminary (unpublished) data collected time-motion collected during the course of the 2013-

2014 NRL season reported significant (p < 0.05) differences for referee positional roles with 

the HRef (7837 ± 690 m) travelling less than the ARef (8097 ± 715 m) (Jeffriess et al., 2015). 
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Similarly there are reported differences in the amount of high speed running (>14.4 km∙h-1) 

and very high speed running (>19.8 km∙h-1) between the referee roles along with differences in 

match intensities (m/min) and internal loading (% maximum heart rate) (Jeffriess et al., 2015).  

 

There is a clear lack of understanding about the demands of professional rugby league referees 

in the NRL with only one study conducted that identifying no differences in the running profiles 

of the on-field referees despite conflicting albeit preliminary and anecdotal (assist referees 

reporting higher levels of fatigue) evidence that there are differences. Additional research is 

required to gain clearer insight into the relative contributions of physical, technical and tactical 

aspects to referee performance. Specifically, research investigating if referee physical running 

is a factor that referee evaluators take into consideration when assessing referees’ on-field 

performance is also warranted.  

 

Physical fitness and positioning however, has been described as only one component of referee 

performance. Indeed, when creating a conceptual model for rugby union referee performance 

Mascarenhas et al., (2005a) described physical position as one of five ‘cornerstones to 

performance’. Moreover, in a recent qualitative research study , NRL referees were asked to 

rank the theoretical components of referee performance in order of importance (Morris and 

O’Connor (2016). Surprisingly, referees ranked physical components lower than that 

hypothesised by the authors. The results showed that on a 24-point scale, fitness (9th), 

positioning (12th) and aerobic endurance (19th) were ranked lower than most psychological 

components. The top three performance attributes were determined to be decision-making (1st), 

reading the game (contextual decision-making) (2nd) and communication (3rd) (Morris and 

O'Connor, 2017). This highlights that the referees place less importance on the physical 

components on referee performance.  
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These findings were supported in a similar investigation by Kittel et al. (2019), who used the 

same Delhi questionnaire process as outlined by Morris and O'Connor (2017) to identify key 

characteristics for Australian football (n=52 umpires and n=5 elite umpire coaches) umpire 

performance. On a 19-point scale, Australian football umpires ranked physical fitness 14th , 

again citing perceptual-cognitive and psychological skills such as: knowledge of the rules, 

decision-making, communication and teamwork (ranked 1-4 respectively) as more important 

than physical components such as umpire fitness and speed. This again highlights the little 

importance sports officials (form another code) place on physical fitness.  

 

Accordingly, it is important that future research should establish foundation investigations into 

the contribution of psychological traits such as referee decision-making and perceptual-

cognitive skill that rugby league referee possess. Particularly how these aspects of refereeing 

performance may be evaluated and trained given the clear importance that referees and referee 

coaches place upon them in comparison to physical fitness.   

 

Referee Decision-Making 

There are an increasing number of investigations about the relationship between running 

demands and decision-making sport officials. This is understandable given decision making is 

the primary responsibility of these officials (MacMahon et al., 2014). Recently, Elsworthy et 

al. (2014) examined the physical and decision-making requirements of elite Australian football 

(AF) umpires (n=29) during match play (n=20). Match activity demands were analysed using 

GPS micro-technology along with post-hoc video analysis of free-kick accuracy. These data 

were further examined according to the position (mid-zone or end-zone) of the umpire when 

each decision was made. Interestingly, whilst this study showed significant differences in 
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positional physical demands for the umpire roles, there was no significant difference in free-

kick accuracy. This demonstrated that despite a high physical workload, free-kick accuracy 

was maintained across a match, the authors do not dismiss the possible relationship between 

the physical and decision-making components. Rather, the authors concluded that positional 

rotations of umpires between the mid-zone and end-zone position (officiating model) allow for 

the demands to be shared among all field umpires during a match. It is evident that similar 

research would lead to a better understanding of the demands and performance characteristics 

of rugby league referees.  This is particularly relevant with the recent introduction of the 2-

referee model where the referees are less likely to swap roles.  

 

In comparison Larkin et al. (2014) examined the relationship between decision making (video-

based test) and fatigue in Australian Football umpires(n=15) during pre-season matches at the 

sub-elite level.  The results showed no significant correlations between physical exertion in a 

match quarter and decision making in either the same or any other match quarter.  The authors 

concluded that fatigue – assessed via blood lactate concentration - may not be an indicator of 

Australian football umpire’s decision-making performance. Rather, the authors outlined the 

presumption that decision-making performance may be a factor of time or context of the match. 

Limitations of this study must be noted. Physical exertion during pre-season sub-elite matches 

may not equal the exertion levels during a top-tier Australian football match. Furthermore, 

while the video clips used in the decision-making task had previously been validated (Larkin 

et al., 2011), there are some limitations to utilising video based clips that will be detailed later 

in this review. Regardless, the studies of both Elsworthy et al. (2014) and Larkin et al. (2014) 

indicate that while no direct correlations were apparent in their investigations on Australian 

rules football umpires, there would be merit in examining this relationship within rugby league 

referees as any information may guide referee training and conditioning programs.   
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While investigations into the fatigue and decision accuracy relationship for officials are 

increasing in other football codes, there is only one known study that has specifically 

investigated this relationship within rugby league referees. Emmonds et al. (2015) conducted 

an investigation into the match demands and penalty accuracy of the English Super League RL 

referees (one on-field referee). In this study, time motion analysis was undertaken on referees 

(n=8) over 148 Super League matches. Penalties awarded were then judged correct or incorrect 

post-hoc via an expert panel (n=3) to determine penalty accuracy. Whilst the authors reported 

a significant moderate (effect size=0.86) decrease in decision accuracy for the last 10-minute 

period of matches only small correlations were observed between external loads (i.e. total 

distance and high intensity running), internal loads (i.e. heart-rate) and penalty accuracy. It was 

concluded that there was not a clear association between the physiological and movement 

demands of refereeing and decision-making ability. These observations suggest that other 

confounding variables influence referee decision-making accuracy, and therefore require 

further investigation. Moreover, this study has a low sample of referees (n=8), and the repeated 

measures taken from this small group may limit the generalizability of these findings. Further 

investigation is warranted to examine if similar conclusions are deductible for rugby league 

referees under the two-referee model in the national rugby league competition. 

 

Referee match experience has also been reported to affect the activity profile and tactical 

approaches to decision-making. Indeed, Weston et al. (2010) found that experienced English 

Premier League soccer referees were not significantly further away (distance) from an 

infringement when awarding free kicks despite more having less total external loads (total 

distance, high-speed running, sprints). This would suggest that with increased match 

experience referees ‘learn’ how to better manage a match or show increased positional 
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awareness. This investigation may also be pertinent to rugby league referees as it may indicate 

that with experience, referees are able to observe and learn the tactics of teams and how to 

position themselves so that they are not required to run as much as less experienced referees, 

however the effect of expertise (number of matches) is yet to be examined in elite rugby league 

referees. 

 

Whilst some studies have examined the match demands and decision-making in team sport 

officials, the consensus amongst the literature suggests that factors other than physical activity 

might have a greater influence on decision-making and therefore performance. One such factor 

may be cognitive fatigue (Gunzelmann et al., 2010, Smith et al., 2013, Van Dongen et al., 

2011). Cognitive fatigue is a mental state experienced during and after prolonged periods of 

demanding cognitive activity and characterised by tiredness, loss of motivation and reductions 

in effort, alertness and energy (Barwick et al., 2012, Boksem et al., 2006, Boksem and Tops, 

2008). Similar to physical fatigue, a significant dose-response effect occurs with cognitive 

fatigue (Gunzelmann et al., 2010, Van Dongen et al., 2011) Indeed, as time on task increases 

so does cognitive fatigue and its associated performance decrements (Nédélec et al., 2013). 

The effects of cognitive fatigue would be of interest to rugby league performance staff, as a 

greater understanding may help prolong accurate decision making in matches, however this is 

yet to be investigated.  

 

It has been suggested that team sport performance imparts significant cognitive stress on 

athletes as they are required to maintain concentration and make quick, accurate decisions 

based on the retrieval and processing of information from a constantly changing environment 

(Nédélec et al., 2012). Furthermore, cognitive fatigue, represented by errors made in a vigilance 

task, has been shown to increase in the final stages of a task designed to simulate the physical 
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demands of soccer, again demonstrating the time on task effect (Greig et al., 2007). 

Considering the level of concentration and focus required to referee for an entire match, a level 

of cognitive fatigue may be present during a rugby league match.  Indeed this may be one 

contributing factor for the recent findings of Emmonds et al. (2015) who reported a significant 

drop in referee penalty accuracy during the last 10-minute period of English Super League 

matches (from 74 ± 5 % to 67 ± 13 % - effect size 0.86). This is of concern to referees as 

incorrect decisions in this period of a match may ultimately decide the outcome, particularly in 

close, tightly contested matches. Furthermore, if an incorrect decision is made during this 

period, it is likely to receive more harsh criticism from commentators and media. Despite this 

there is no published research on the effects of cognitive fatigue and NRL referee performance.   

 

Smith et al. (2013) found that cognitive fatigue may impair team sport performance (i.e. 

physical and decision-making abilities) due to a refocussing of attentional resources on 

irrelevant stimuli, and a decrease in error detection and correction as well as motivation. One 

potential approach to combat fatigue during a match may involve cognitive training. Physical 

training is a well-established strategy to reduce the effects of physical fatigue (Bangsbo et al., 

2006), with higher fitness levels corresponding to decreased fatigue and an ability to exercise 

at a greater intensity throughout a match (Bangsbo, 1994, Edwards and Clark, 2006, Mohr et 

al., 2003, Reilly et al., 2008).  If referees are able to positively adapt to cognitive stress in a 

similar way to the adaptations experienced with physical training, it is possible that cognitive 

training sessions would be a logical addition to a training program. To date however, no studies 

have examined the efficacy of cognitive training as an ergogenic training effect to improve 

decision-making capacity within sports officials. 
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Effects of Contextual and Random factors on Referee Performance 

Within a sporting match there is a wide variety of information that is observed and stored by a 

match official which then may alter further decisions that will be made in the same game (or 

future games). The high amount of these contextual factors that can contribute to a decision 

may cause incorrect decisions in the ongoing of the game if not processed correctly – and to 

what extent these factors are being used have limited research. A study conducted by Mallo et 

al. (2009) found that there were a greater number of incidents in the final 15 minutes of a 

football match, however it also achieved the lowest decision accuracy (77%). This coincides 

other findings showing the last 10 minutes of a match had in a decrease in penalty decisions 

(Emmonds et al. (2015). These decisions are likely affected by a multitude of factors, with 

these two studies only focussing on looking at the physiological and mental fatigue aspects 

resulting in these findings. Both studies fail to consider the contextual impact that may have 

occurred to obtain these decisions.  

 

One study that does examine the effects of contextual effects is the Plessner and Betsch (2001) 

study that examines the sequential effects of previous decisions that may alter a future decision. 

These researchers examined football referees viewing 20-videotaped scenes from Spanish 

Primera Division and found that similar situations that may have occurred earlier in a match 

effect later decision-making. They identified that for penalty scenarios committed by the same 

team in succession elicited a negative contingency, in contrast a positive contingency was 

found when penalties where exhibited between alternative (opposing) teams. This suggests that 

referees in this study likely perceived that the opportunity of awarding a penalty is a limited 

one and should not be taken too frequently. A notable limitation to this study is that the 

methodology does not utilise representative design and only used vision from broadcast angles 
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and from only one single game. One potential delimitation would be utilising multiple games 

for each video clip, as this may remove team or player bias. 

 

Additional contextual factors that may affect decision making is stress (Stewart et al., 2004, 

Taylor et al., 1990, Wolfson and Neave, 2007). Stewart et al. (2004) surveyed a random sample 

(n=498) of collegiate basketball referees using an adapted form of the Ontario Soccer Officials 

Survey (Taylor et al., 1990). From the survey containing 30 response variables, four factors 

(fear of failure, fear of physical harm, time pressure, and interpersonal conflict) contributed to 

84.7% of the response variance for referee ‘stress’, with fear of failure being the most 

significant contributor.  In this survey, the ‘fear of failure’ was sub-categorised into the 

following parameters; making a bad call, having a bad game, critical decisions during a game, 

critical outcomes for either team (match importance), maintaining concentration and being in 

position. Furthermore, the aforementioned study was based around a survey by Taylor et al. 

(1990), who found that collegiate basketball referees pin-pointed stress and burnout to be a 

contributing factor to errors made when officiating a week-long college basketball competition. 

While the NRL referees rarely officiate in more than one game per week, this phenomenon 

may have potential importance for junior rugby league referees who often officiate in multiple 

matches junior rugby league carnivals with little time allocated between matches for 

physiological recovery. Indeed, while the recovery priority is often physical recovery between 

matches for athletes, it has been suggested that sports officials should focus on ‘coping 

strategies’ or ‘mental recovery’ between matches (Wolfson and Neave, 2007). These studies 

emphasise that sports officiating is not only a physical capacity, rather that referee performance 

comprises several psychological and perceptual cognitive traits. To date however, all research 

regarding performance of NRL officials have focused on physical movement profiles, which 

highlights a clear death of research. Indeed, future research should focus on how stress affects 
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referee performance, and to what extend coping strategies could be utilised as decision making 

training tools.  

 

Decision-making Assessments and Training for Sports Officials 

Research investigating referee decision making expertise have had increasing attention in 

recent literature. Mascarenhas et al. (2005c) demonstrated that the majority of studies into 

sports officials have examined psychological factors such as stress (Anshel and Weinberg, 

1995, Stewart et al., 2004), coping (Anshel and Weinberg, 1996, Wolfson and Neave, 2007), 

judgment bias (Pettersson-Lidbom and Priks, 2010, Sutter and Kocher, 2004), and personality 

characteristics of referees (MacMahon et al., 2014, Morris and O’Connor, 2016), which could 

be described as “researching psychology through refereeing” (Mascarenhas et al., 2005a) rather 

than directly assessing domain-specific decision making performance of sports officials. 

Indeed, Ste-Marie (2003) have collated a number of laboratory-based video decision making 

tasks (Table 2.1) that have identified dimensions of referee decision expertise and generally 

categorised them into knowledge categories – declarative and procedural knowledge, whereby 

declarative knowledge is knowledge of the rules, and facts that pertain to the specific event in 

question, as opposed to procedural knowledge which is described as the ‘how to’ or application 

of the rules (Allard et al., 1993).  

 

Ste-Marie (2003) summarised the available investigations by stating that there is a trend for 

expert officials to have greater declarative and procedural knowledge and suggested that it is 

due to experts do not have the same visual processing limitations by (a) being more sensitive 

to sensory/perceptual discriminations, (b) knowing what information is relevant, (c) knowing 

what to expect, and (d) knowing the interrelations among variables. To date, however, there 

has been no investigations to the declarative or procedural knowledge expertise of rugby league 
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officials. Such instigations may prove beneficial for referee coaches and performance staff, by 

providing evidence for both individual referee and group improvement areas as well as 

supporting the implementation of perceptual-cognitive training programs for NRL referees.  
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Table 2.1: Overview of research on expertise in sports officials and judges using video playback systems and written or verbal response.  

Authors/Participants Methodology Main Findings 

Bard et al. (1980) 
Gymnastics Judges 

Eye movement recording during error detection in a 
video playback. 

Expert judges fixate more on upper body of participants* 
Expert judges have fewer fixations 
Expert judges make fewer mistakes 

Deakin and Allard (1992) 
Basketball Referees, Coaches and 
Athletes 
Larkin et al. (2018) 
Australian Football Umpires 

Foul detection task during video playback 
Written declarative knowledge tests 
 

Video-based training intervention 

Referees superior at identifying type of foul* 
No difference in foul detection 
Superior knowledge of referees on rules/signals* 
6-week video-based training improved both expert and non-expert 

umpires, with increased performance highlighted for non-experts* 

MacMahon and Ste-Marie (1999) 
Rugby Union Referees 

Video-based foul detection task 
Verbal accounts of information 

No differences for referees with differing experience levels 
Experts use more episodic and semantic information* 

Plessner and Betsch (2001) 
Gymnastics Judges 

Video-based perceptual judgement task Experts have superior performance in discriminating joint angle 
deviance* 

Ste-Marie and Lee (1991)  
Gymnastics Judges 

Video-based Error detection task Experts superior at detecting form errors 

Ste-Marie (1999) 
Gymnastics Judges 

Video-based error detection task 
Perceptual anticipation task 
Declarative knowledge task 
 

Experts superior at error detection 
Experts superior at anticipating next element 
Experts demonstrate superior declarative knowledge*  

*Denotes statistical (p<0.05) difference between participant groups. 
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Although the overall trend of the literature utilising laboratory methodology indicates that there 

are differences between performances of video-based decision tasks for officials, very few 

studies have investigated the use of video footage for perceptual-cognitive training of referees 

and the effects of or translation to on-field performance. Indeed, MacMahon et al. (2007) 

described how the video footage could be used in deliberate practise to assist the skill 

development of referees similar to experts in the field such as medicine and military where 

performance simulations are impractical. In a dual study on the skill acquisition of emerging 

FIFA referees, MacMahon et al. (2007) showed that referees were better than players at 

applying the laws of the game, and indicated that this skill developed primarily through 

refereeing matches, rather than structured perceptual-cognitive training with feedback. While 

the referees in this study benefit from the guidance of referee-coaches, they undertake little 

practice that receives performance feedback. Furthermore, the authors reiterate that the nature 

of the video-based task should maintain high levels of ecological validity coupled with relevant 

feedback in a representative design format.  

 

In comparison, Mascarenhas et al. (2005c) found that using video-based training for rugby 

union in elite officials did not improve their performance or confidence scores. It did however, 

improve performance and confidence scores of the sub-elite/lower level officials, which 

suggests that to become elite in officiating, much more than isolated decision-making is 

required. Indeed an overall ability of game management may be the critical factor for optimal 

performance. However, this does impact on training and the development of training programs 

of younger or less experienced officials. This may be particularly pertinent to younger rugby 

league officials who have less exposure to the assist referee role compared to the 1-referee 

model (used in second tier competitions) as footage captured from this vantage point may 

provide exposure to this relatively new ‘position’. 
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Nazarudin et al. (2015) created a reported valid and reliable video-based training task (n=18 

video clips) to assess the decision making performance of Malaysian rugby referees. The study 

included a large cohort of officials (n=132), which is a considerably higher test pool than most 

referee studies available (Mann et al., 2007). The authors concluded that the test could assist 

players and coaches in understanding of the referee “philosophy” (Nazarudin et al., 2015), 

while also recommending the use of the video battery for deliberate practise for referees to the 

Malaysian Rugby Union governing body. A limitation to this research is that no clear 

parameters where given with regards to how performance was assessed post training. While it 

is possible that the test would help assist in decision-making abilities of officials in a virtual, 

off-field reality,  more research is required, with clear performance measures to investigate if 

there is a skill transference to on-field performance.  

 

The suggestion that video-based training coupled with relevant feedback may be a useful tool 

for referee skill development is supported by findings of Schweizer et al. (2013), a study that 

researched decision-making in elite German basketball officials (n=33). The test was an on-

line platform of (n=15) video clips where respondents made a decision by using a ‘mouse click’ 

and consisted of two phases a learning and test phase whereby two groups were given correct 

and (deliberately) incorrect feedback respectively. The group that received correct feedback 

scored significantly (p<0.05) better in a follow-up video test with a large effect size (Cohen’s 

d = 1.82). The authors stated that video training can improve the officials’ ability to learn 

common standards among ambiguous incidents, however the training cannot be concluded to 

transfer to on field performance. The findings show the importance of accurate, immediate 

feedback to subsequent performance for match officials. These findings may assist NRL 
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referees’ coaches particularly when reviewing referees’ decisions post hoc and providing 

accurate feedback for referees.  

 

Larkin et al. (2018), investigated the efficacy of a video-based training programme, aimed to 

provide a greater amount of contextualised visual experiences without explicit instruction, to 

improve decision making skill of Australian football umpires (n=52). Participants were 

randomly assigned to an intervention or control group and classified according to previous 

umpire game experience (i.e., experienced; less experienced). The intervention group 

completed a 12-week video-based decision-making training programme, with decision-making 

performance assessed at pre-training, and 1-week retention and 3-week retention periods. The 

control group did not complete any video-based training. Results indicated within-group 

differences over time for the intervention group. In addition, decision-making performance of 

the less experienced umpires in the intervention group significantly improved. Thus, video-

based training programmes may be a viable adjunct to current training programmes to hasten 

decision-making development, especially for less experienced umpires. A limitation to this 

research, however, was the representative design of the video-based task. The video footage 

used was from broadcast footage and therefore may have less ecological validity to first person 

footage.  

 

While there are some promising research findings which show that video based training may 

transfer into to a direct improvement in on-field performance of elite officials of other sporting 

codes (Larkin et al., 2018), no research has investigated if video based tasks can have a positive 

transferring into increased performance for rugby league referees. Indeed, there is the potential 

benefit of being able to compare two (or more) referees’ decisions within the same contextual 

stimuli (MacMahon et al., 2007). Referee coaches could potentially improve overall 
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consistency of the body of referees, by confirming which the correct decision is, particularly 

for more difficult or ambiguous decisions (Kittel et al., 2017).  

 

The majority of the available literature emphasised the importance of representative design to 

maximise ecological validity within the implementation of any video based tasks (MacMahon 

et al., 2014, Moore et al., 2019).  Indeed, Mann et al. (2007) reported the largest differences for 

decision accuracy and gaze behaviour were reported in in situ studies, followed by video, and 

static-slides studies, respectively. This suggests that there is a greater likelihood of finding an 

expert advantage when skilled participants are asked to perform in ecologically valid tasks. 

Although a number of the video-based paradigms have attempted to appropriately capture the 

essence of expertise during task performance, researchers using video-based tasks have 

generally asked participants to respond in manner that is not representative or have changed the 

nature of the task such that the expert advantage is diminished (Mann et al., 2007). While field 

studies have demonstrated the greatest ability to discriminate experts from non-experts, they 

also present issues around internal validity. Therefore, video-based tasks, with a higher degree 

of internal, but a lower degree of external validity, still provide a viable alternative when the 

video presented from the perspective of the performer. Indeed, most of the video-based 

assessment, or training has utilised, broadcast or training footage captured from exterior angle. 

To maximise ecological validity, the representative design of video-based tasks should attempt 

to use first-person or point of view footage. Furthermore, with advances in gaze tracking 

technology, with the same representative design, gaze patterns could be recorded during these 

tests to assess which specific ques are being observed to make correct or indirect decisions. 

Indeed, this is area of interest for researchers investigating decision-making scenarios. 
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Assessing Gaze Behaviour and Decision-making  

Although decision-making performance may be readily apparent on observation or evaluation, 

the underlying perceptual-cognitive mechanisms that contribute to expert decision-making are 

less evident (Mann et al., 2007).  Assessing the gaze behaviour of an official may give a better 

insight into the vision input and stimuli that generated superior or substandard decision-making 

respectively. Indeed Mann et al. (2007) stated that knowing where and when to look is crucial 

for sports performance, yet at any one time the visual display is vast and often saturated with 

both relevant and irrelevant information needed for successful decision-making. For some time, 

researchers have endeavoured to investigate the psychological factors that discriminate 

between levels of expertise, with experts showing greater declarative and procedural 

knowledge that allows them to anticipate and predict future events (Beilock et al., 2002, Singer 

et al., 1996).  Furthermore, experts have revealed to have greater perceptual cognitive skills, 

such as more effective attention allocation and cue utilisation (Mann et al., 2007). This has led 

to inquiries regarding perceptual skill acquisition in developing sports expertise.  

 

While steadily increasing, few studies that look at the visual patterns of officials, with only a 

small variety of studies being undertaken in the recent years. Two studies, Bard et al. (1980) 

and Pizzera et al. (2018) have investigated the search behaviour of monitors – i.e. officials with 

a high number of visual cues but no interaction with athletes (MacMahon and Plessner, 2008). 

In both studies, experienced and less-experienced gymnastics judges displayed no differences 

in the number or duration of visual fixations, however expert judges fixated more on 

competitor’s upper-bodies when assessing single-gymnast routines (Bard et al., 1980, Pizzera 

et al., 2018). These findings demonstrate that both fixation length (as a proxy of the amount of 

information extracted from a scene) and the gaze location (the source in which the most the 

most task-relevant information is captured) should be used to better understand perceptual-
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cognitive skill of match officials. Interestingly, when assessing gaze behaviour of assistant 

soccer referees while judging if an attacking player was off-side, higher- and lower-level 

referees did not differ in terms of number of fixations, fixation durations, or the time spent 

looking at certain areas of interest (AOI); passer, receiver or off-side line respectively 

(Catteeuw et al., 2009a, Schnyder et al., 2017). This discrepancy found between the gaze 

strategies used by expert gymnastics judges and soccer referees undoubtedly reflect that there 

is likely no ‘one size fits all’ visual search strategy used by monitors across different disciplines.  

 

Several studies have been conducted with interactors - i.e. officials who monitor a high number 

of cues and also regularly interact with athletes (MacMahon & Plessner, 2008) in ice-hockey 

(Hancock and Ste-Marie, 2013), soccer (Schnyder et al., 2017) and rugby union (Moore et al., 

2019). Two of these studies, in soccer and ice-hockey referees, found that higher- and lower-

level referees did not differ in the number and duration of fixations when making decisions 

(Hancock & Ste-Marie, 2013; Spitz, Put, Wagemans, Williams, & Helsen, 2016). However, 

compared to the lower level soccer referees, the higher-level soccer referees spent more time 

fixating on the body part of the attacking player involved in the infringement during open play 

situations (Spitz et al., 2016). Contrary to other findings, Moore et al. (2019) found significant 

differences in gaze behaviour for higher- lower- and novice rugby union referees when ruling 

on scrum scenarios in a video-based task. The elite group displayed a lower search rate 

characterised by fewer fixations of a longer duration than the trainee (sub-elite) and novice 

groups. In addition, the elite and sub-elite referees fixated more on specific areas of interest 

(i.e., front rows, binds, and contact point), than novices. In line with the information-reduction 

hypothesis (Haider and Frensch, 1999) this result suggests that through experience, referees 

have learnt to optimise the amount of information they process, neglecting task-redundant cues 

and selectively focusing on task-relevant information (Moore et al., 2019).  
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Despite an abundance of research that investigates the perceptual-cognitive skills of athletes, 

there is relatively few research studies on perceptual-cognitive expertise in sports officials, and  

no research has been conducted that examines expert visual search behaviour in rugby league 

referees. In addition, of the existing research on the gaze behaviour studies for sports officials, 

there is a wide variance in the methodology adopted when preforming these investigations. 

Mann et.al., (2007) described the wide variance in stimulus presentation (field vs video vs 

slide/still) task modalities (temporal, spatial, anticipation, recall, recognition, decision-making 

, task performance) and sport type (interceptive vs. strategic, vs closed skill) within this research 

domain. Of these, with regards to expert/novice decision accuracy, and fixation duration 

stimulus presentation was shown to have a significant effect in determining decision making 

expertise in sports officials (Mann et al., 2007). Stimulus presentations elicited large-to-

moderate effects with significant increases in the magnitude of effects as the mode of stimulus 

presentation became progressively more representative of a real-world task (i.e., static, video, 

field). The larger effects were reported in the field studies, followed by video, and static slides, 

respectively. This suggests that there is a greater likelihood of finding an expert advantage 

when skilled participants are asked to perform in ecologically valid environments. It was 

suggested that although a number of the video-based paradigms had appropriately captured the 

essence of expertise during task performance, many had asked participants to respond in an 

alternate manner or have changed the nature of the task such that the expert advantage was 

diminished. An example of this would be having a tennis player respond to a serve by pressing 

a button, rather than swinging a racquet. However, Abernethy et al. (1993) stated that when 

field situations are not viable, video based tasks are a viable means of assessment, pointing to 

level of experimental control achieved when testing in the naturalistic environment. Although 



55 
 

effects are larger in the field, it is difficult to ascertain whether participants are responding to 

different stimuli, rendering reliable comparison highly problematic. 

 

Based on these observations, a potential solution would be the creation of an ecologically valid 

video-based assessment, whereby first-person footage was captured in actual top-tier 

competition matches, yet included or excluded for specific criterion so that a controlled test is 

created. Furthermore, this would elicit video from the first person in situations and movement 

patterns more closely representing the decision task when compared to broadcast or fixed 

camera footage. The creation of this assessment could potentially assist in identifying different 

decision expertise and different gaze behaviour of expertise levels in rugby league referees 

which to date has not been done.  

 

Summary 

The majority of the research that has informed current understanding of the factors that 

contribute to team sports official’s performance has been investigated in sports other than rugby 

league (i.e. primarily soccer and rugby union). While rugby league shares some physiological 

similarities to other sports (e.g.  rugby union), there are several distinct rules that differentiate 

rugby league and therefore make officiating in rugby league unique. Indeed, there is a lack of 

research in all aspects of contemporary rugby league referee performance, with most of the 

investigations pre-dating the currently utilised 2-referee model or being conducted rugby 

league referees in competitions outside of the NRL. Research into the multi factorial aspects of 

performance factors in NRL referees must be established to allow for greater understanding of 

factors that contribute to referee performance and to provide evidence that may allow for more 

astute training and evaluation processes.  
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Traditionally measuring, monitoring, and training for on-field NRL referee performance has 

been of a qualitative nature with little evidence-based practice translating into structured 

training programs or indeed performance evaluation. The emergence micro-technologies such 

as GPS technology and minimally invasive heart rate monitors mean that detailed information 

can be used to identify running demands of the two on-field referees. To date only one study 

has examined the running demands of the contemporary 2-referee model utilised in the NRL 

for comparison between the two on-field referees (Brightmore et al., 2016). Further analysis is 

warranted to establish if there are differences in the running demands given roles and 

responsibilities of the referees may have changed subsequent to the data analysis of Brightmore 

et al. (2016). Contrary to the conclusion of this study, it is hypothesised that; a larger sample 

size with more sensitive GPS units (15 Hz vs. 10 Hz) coupled with the increase in specificity 

of the assist referee to more closely adjudicate ruck decisions, further GPS analysis will elicit 

differences in movement profiles (total distance, total high speed running, and very high speed 

running). Specifically, that the assist referee will be higher for the measured speed-based 

distances. Furthermore, while studies in other sports officials have identified contextual factors 

that effect on-field running demands, no such studies have been conducted for NRL officials. 

Preliminary investigations outlining how these contextual factors affect running demands will 

assist referee performance staff in the preparation of the referees for matches.  

 

In addition, quantification of referee performance involves a complex interplay of objective 

and subject components (MacMahon et al., 2014, Mascarenhas et al., 2005a, Mascarenhas et 

al., 2005c). While researchers of other sports codes have created validated metrics for sports 

officials performance (Mascarenhas et al., 2005a, Mascarenhas et al., 2005c) this is yet to be 

completed for rugby league referees. Indeed, the performance of the NRL referees are currently 

evaluated post-match by a procedure that is highly subjective and yet to be validated. 
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Investigations into available performance metrics and potential effects that these factors have 

on the current evaluations scoring system is warranted. Research that can highlight key 

components evaluators use to measure on-field performance of referees could potentially 

improve referee performance by targeted training in these areas.  

 

Lastly, unlike other investigations in other sports officials, to date there is no ecologically valid 

decision-making assessment for rugby league officials. Traditionally, NRL referees will watch 

a replay of a match as part of their evaluation process with the coach and or evaluator via 

broadcast footage. Creation of a decision-making assessment from the point of view of the on-

field referee will likely increase ecological validity and may theoretically serve as a preliminary 

platform for many interventional studies into NRL referee decision making. Furthermore, this 

decision-making task could potentially provide a useful tool in the week to week perceptual-

cognitive training of NRL referees, and as a talent identification means for young referees 

aspiring to officiate in the NRL.  

 

While other team sports are investing heavily in research into the performance factors for their 

respective officials (i.e. Australian Rules Football, soccer, rugby union, etc.), the present review 

revealed a clear gap with research into rugby league referees. This is of concern given the 

popularity and major presence of rugby league within the context of the Australian sporting 

landscape. While there is some literature with regards to the physical demands of rugby league 

officials, most of these investigations have the clear limitation of not being conducted under 

the current refereeing model. Perhaps more importantly, given the multifactorial nature of 

referee performance as pointed to by numerous studies examined within this review (Kittel et 

al., 2019, Larkin et al., 2011, Mascarenhas et al., 2005a, Morris and O'Connor, 2017), there 

have been no investigations into the many other aspects of rugby league referee performance. 
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There include, contextual factors, psychological aspects, evaluations methods, perceptual-

cognitive aspects, and the effectiveness of training methodologies and modalities. There is a 

great need for studies within each of these domains to establish a base for further research 

projects within rugby league referees as to mirror the research practises of other sports codes 

officials globally.   
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Abstract 

Understanding the specific match demands of sports officials is essential for the design of 

specific training programs, particularly where referee roles differ (i.e. head referee (HRef) vs. 

assistant referee (ARef)). Presently there is little known about the 2-referee model used in the 

Australian National Rugby League (NRL). The objective of this study was to compare the 

movement demands of elite rugby league referees, both HRef and ARef under the 2-referee 

model by comparing activity profiles including; total distance, relative distance, high speed 

running distance (HSR) (>14.4 km/h), very high speed running distance (VHRS) (>19.8 km/h), 

sprint (>25.2 km∙h-1) distance and number of sprints (n), along with heart rate data. Global 

positioning systems (GPSports, 15Hz) data was captured from 18 fulltime referees over 314 

(628 files) top tier Australian National Rugby League (NRL) matches during the 2013 and 2014 

seasons. Match activity profiles were created for both on-field referees and analysed for each 

match half. Total distance covered each half was 3942 ± 353 m, 3902 ± 380 m for HRef and 

4040 ± 414 m, 4057 ± 412 m for ARef, respectively. ARef completed significantly more HSR 

and VHSR than HRef. The relative distance was significantly (p < 0.05) higher for the ARef 

than the HRef (ARef = 89.1 m/min vs. HRef = 86.7 m/min [first half], ARef = 87.0 m/min vs. 

HRef = 83.4 m/min [second half]). Similarly, mean heart rates (percentage maximum) for ARef 

were higher than HRef (ARef = 83 ± 11% max vs. HRef = 75 ± 19% max [first half] and ARef 

= 81 ± 11% max vs. HRef = 74± 19% max [second half]). These findings highlight that there 

are different movement demands between HRef and ARef and the ARef endures comparatively 

higher match running demands than the HRef under the currently utilised 2-referee model. 

These findings will help referee performance coaches train referees specifically for their on-

field roles. 

 

Key words: sports officials, refereeing, physical match profile, GPS. 
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Introduction 

Rugby league is an team sport involving consisting of primarily low speed running with 

intermittent bouts of high speed running, performed over two 40-minute match halves 

(Kempton et al., 2013b). The nature of rugby league means that the referees are involved with 

the speed, momentum and overall flow of match-play (Brightmore et al., 2016). The Australian 

National Rugby League (NRL) is one of the leading competitions in the world. The NRL has 

adopted an on-field officiating model (since 2009) that consists of two on-field referees; head 

referee (HRef) and assist referee (ARef) along with two touch-judges or side-line officials. This 

model is unique to the NRL with other elite rugby league competitions e.g., the European Super 

League, and International Test Matches maintaining a 1-referee model. Understanding the 

physical requirements of refereeing at the top-most level of rugby league as is important referee 

on-field performance may be pivotal in determining just outcomes of matches (Brightmore et 

al., 2016, Emmonds et al., 2015). Despite this, there is little concise evidence investigating the 

match activity profiles 2-referee model or moreover overall NRL referee performance. 

Increased understanding of the match-activity profiles of the on-field referees may assist referee 

performance staff by providing evidence to develop structured training programs to reflect the 

specific physical requirements of in-match running performance (Emmonds et al., 2015, O'Hara 

et al., 2013) thereby facilitating the ability of the referees to keep up with play with reduced 

effort, allowing them the optimal viewing position to make a correct decision (Brightmore et 

al., 2016). 

 

To date, only one study has investigated the physiological demands of the 2-referee model in 

the NRL. Brightmore et al. (2016) examined NRL referees (n = 19) officiating NRL 

competition matches (n = 45) using 10 Hz global positioning systems units (GPS) during the 

2013 season. The total distances covered in match play ranged from 5462 m to 8536 m and 
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6770 m to 8675 m for the HRef and ARef, respectively. Despite the authors’ hypothesis of 

having different movement profiles between the roles, given the nature of the specific roles, 

there were no significant differences (trivial and small ES) between the mean distance covered 

by the HRef and ARef in the first half, second half, or in total match play. Similarly, there were 

no significant differences between roles for any of the five running velocity categories 

investigated by the researchers. The relative distance covered in match-play ranged from 62.0 

─ 89.5 m/min and 75.7 ─ 96.7 m/min for the HRef and ARef, respectively. There were no 

significant differences (small ES) in the relative distance covered by the HRef and ARef in total 

match play or in the first or second half. However, both roles had a lower relative distance and 

covered a lower distance between 5.51 and 7.0 m/s in the second half. Both roles covered the 

largest distance and number of efforts at velocities of 0.51–2.0 m/s and 2.01–4.0 m/s, which 

were interspersed with efforts >5.51 m/s. Findings show that there was a significantly 

(moderate ES) lower %HRmax in the second half for both the HRef and ARef respectively. 

The authors concluded that a referee’s weekly training program should have a blend of high- 

and low-intensity aerobic sessions, as well as including sessions to improve running economy, 

repeat sprint ability, and high-intensity intermittent endurance (Brightmore et al., 2016). 

Importantly, a limitation to this study is the relatively small sample size, with 45 matches 

included for analysis. The regular NRL season is comprised of over 200 matches, and therefore 

increasing the sample size when investigating the 2-referee model may attenuate differing 

results.  

 

There have been previous studies investigating the movement demands of rugby league referees 

(Hoare, 2008, Kay and Gill, 2003, Kay and Gill, 2004, O'Hara et al., 2013). However these 

investigations examined movement demands of RL referees in a 1-referee model and may be 

redundant under the current two referee model. Sutherland et al. (2015) when comparing the 
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match-profiles of the 1- and 2-referee models in the New South Wales Rugby League 

competition (which concurrently utilised both referee models), found that the addition of the 

ARef, increased the running demands of the HRef when compared to the running demands of 

the HRef in 1-referee matches (HRef 1-referee model = Low speed: 6499 ± 586 m, High speed: 

1584 ± 236 m, Total: 8113 ± 609 m vs. HRef 2-Referee model = Low speed: 6826 ± 279 m, 

High speed: 2102 ± 621 m, Total: 8630 ± 543 m) respectively. Indeed, the addition of the 

second referee (ARef) is of note as the required duties of this referee differ from the roles of 

the HRef during a rugby league match-play. Within the NRL, the HRef assumes the more 

traditional role of holding the 10-m defensive line and controlling play, whereas the ARef 

monitors the “play-the-ball,” sitting in the space (i.e., pocket) behind the attacking team’s ruck 

(Brightmore et al., 2016), highlighting the different positional requirements of each referee role.   

 

In comparison, studies have highlighted the difference in movement demands of different 

playing positions in rugby league (Sirotic et al., 2011b, Kempton et al., 2013b, Kempton et al., 

2015, King et al., 2009, Sykes et al., 2009). These findings emphasise the importance of training 

rugby league athletes for specific playing roles. This is an important concept for rugby league 

referee performance staff to understand if differences in referee profiles are established. 

 

It is hypothesised therefore, that due to the differing nature of the two referee roles in the NRL 

when compared to the 1-referee model employed in various other rugby league competitions 

and by increasing the sample size when compared to (Brightmore et al., 2016) the findings of 

the current study will indicate significant differences in movement profiles between the two 

referee roles.   
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Methods 

Retrospective referee time-motion analysis data was obtained by research team from the NRL 

referees performance department on a total of 314 Australian NRL matches total of 628 referee 

profiles (HR and AR each match) using portable 15Hz GPS devices (SPI-Pro, GPSports, 

Canberra, Australia) and heart rate monitors (T-14, Polar. Oy, Finland) during the 2013-2014 

NRL seasons. All participants were familiar with wearing GPS units, as the units are worn 

regularly during training sessions and matches. Prior to match data collection all participants 

completed a field-based maximal aerobic test (Yoyo IRT-1) to determine individual maximum 

heart rate (maxHR), (Bradley et al., 2011, Krustrup et al., 2003). MaxHR was used to determine 

percentage heart rate zones during match analysis.  

 

Participants 

Eighteen fulltime professional rugby league referees (36 ± 4 y, 177.3 ± 23.2 cm, 80.5 ± 8.9 kg) 

participated in the study. All referees had a minimum 1-year experience officiating in the NRL 

competition with an average of 132.6 ± 89.0 matches.  

 

Procedure  

Retrospective data collected by the NRL referee’s performance department was obtained for 

analysis. Use of the retrospective data received ethical research approval in accordance to UTS 

ethical procedures (UTS HREC REF NO. 2014000612). Each referee was allocated a GPS 

device for the duration of data collection to minimise inter-unit error (Kempton et al., 2015). 

Prior to match day warm-up, referees were fitted with a customised vest (GPSports, Canberra, 

Australia) which positioned the GPS device between the referee’s scapulae at the base of the 

cervical spine. Heart rate was recorded during matches using a heart-rate monitor (T31, Polar, 
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Oy, Finland). Following each match, the data were analysed using proprietary software 

(TeamAMS, GPSports, Canberra, Australia). Each file was trimmed so that only data recorded 

during each match half was included for analysis. The propriety software provided 

instantaneous raw velocity data at 0.2 s intervals which was then exported and placed into a 

customised Microsoft Excel (Microsoft, Redmond, WA USA) spreadsheet (Kempton et al., 

2013b). The spreadsheet provided total, HSR (>14.4 km∙h-1), VHSR (>19.8 km∙h-1) and sprint 

(>25.2 km∙h-1) data (Rampinini et al., 2007), as well as a measure of referee match intensity 

(m∙min-1). Raw heart rate (b∙min-1) data were also analysed in the spreadsheet to provide the 

percentage heart-rate max (%HRmax). One week prior to the commencement of the 2014 season 

the NRL performance team conducted  Yo-Yo Intermittent Recovery Test Level 1 (Yo-

YoIRT1)  to ascertain preseason fitness levels, the observed maximum heart rate values for 

referees at the completion of the test were used as the referees observed maximum heart rate 

for analysis, as per (Krustrup et al., 2003).  

  

Statistical Analyses 

Referee physical movement profiles (total, HSR, VHRS, sprint distances and m∙min-1) and 

internal load (%HRmax) were organised into match halves for comparison (first half vs. second 

half). The assumptions of normality were verified prior to parametric statistical analysis. There 

were 42 match samples where the heart-rate data produced outlying data (heart rate monitor 

unavailable and or incorrectly fitted). These samples were excluded from analysis. A one-way 

analysis of variance (ANOVA) was used to compare differences (HR vs. AR and first half vs. 

second half) in referee movement profiles and internal load (%HRmax). When significant main 

effects were observed Bonferroni’s correction was applied. All data was reported as mean ± 

standard deviation unless otherwise specified. Statistical significance was set at P < 0.05. 

Statistical analyses were conducted using Statistica software package (StatSoft. Inc. Tulsa, OK, 
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USA). Cohen d effect size (ES) was reported using a modification to the ES scale (Cohen, 

2013) The magnitude of the ES was classified as trivial <0.2, small 0.21 to 0.6, moderate 0.61 

to 1.2, large 1.21 to 1.99, and very large >2.0.18 (Batterham and Hopkins, 2006).  

 

Results 

Referee role had significant (p<0.05) small effect sizes on referee total match distance (d = 

0.37) (ARef = 8097 ± 715 vs. HRef = 7837 ± 690), HSR distance (d = 0.50) (ARef = 1660 ± 

461 m vs. HRef = 1434 ± 447 m) and VHSR distance (d = 0.23) (ARef = 227 ± 133 m vs. HRef 

= 196 ± 134 m). Match half had a small effect size on HRef VHSR m (d = 0.24) (1st half =106 

± 75 m vs. 2nd half 89 ± 69 m) (Table 3.1). 

 

The ARef match intensity (m/min) was significantly higher than HRef match intensity across 

both 1st (ARef = 89.17 ± 7.89 m/min vs. HRef = 86.81 ± 7.26 m/min, [ES = 0.31]) and 2nd 

(ARef = 87.97 ± 6.98 m/min vs. HRef 83.43 ± 6.72 m/min [ES = 0.66]) halves respectively. 

Match half had a small effect on HRef match intensity (m/min) (d = 0.48) (1st half = 86.81 ± 

7.26 m/min vs. 2nd half = 83.43 ± 6.72 m/min) (Figure 3.1). No significant differences were 

recorded when analysing data per year 2003 vs 2004.  
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Table 3.1: Global Positioning Systems (GPS) data comparing head referee (HR) and assist referee movement profiles and internal loads during 
top-tier Australian National Rugby League matches (314 matches during the 2013-2014 season). 
  

Head Referee (HR)  Assist Referee (AR) Effect 
Size 

 1
st
 Half 2

nd
 Half Total 1

st
 Half 2

nd
 Half Total d 

Distance (m) 3942 ± 353 3902 ± 380 7837 ± 690* 4040 ± 414 4057 ± 412 8097 ± 715* 0.37 

HSR (m) 756 ± 230 677 ± 233 1434 ± 447* 816 ± 262 790 ± 260 1660 ± 461* 0.50 

VHSR (m) 106 ± 75
†
 89 ± 69

†
 196 ± 134* 121 ± 82

†
 106 ± 74

†
 227 ± 133* 0.23 

Sprint (m) 6 ± 15 5 ± 13 12 ± 23 6 ± 16 7 ± 16 14 ± 23 - 

Heart Rate 
(%HRmax) 

75 ± 19 74 ± 19 79 ± 24* 83 ± 11 81 ± 11 83 ± 16* 0.20 

 
*Denotes significant difference between referee roles (p < 0.05). †Denotes significant difference between match halves (p < 0.05).
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Figure 3.1: Difference in match intensity (m/min) according to referee role (Head Referee = 
1st half vs Assist Referee) and match half. *denotes significant difference 
between match halves. # denotes significant difference between referee roles. 

 

Assist Referees (ARef) match intensity (m/min) was significantly higher than Head Referee 

(HRef) match intensity across both 1st (ARef = 89.17 ± 7.89 m/min vs. HRef = 86.81 ± 7.26 

m/min [d= 0.31]) and 2nd (ARef = 87.97 ± 6.98 m/min vs. HRef 83.43 ± 6.72 m/min [d = 0.66]) 

halves, respectively.  Match-half had a small effect on HRef match intensity (m/min) (d = 0.48) 

(1st half = 86.81 ± 7.26 m/min vs. 2nd half = 83.43 ± 6.72 m/min). 

 

Discussion 

This study is only the second study to compare the movement profiles of HRef and ARef under 

the current two-referee model utilised in the top tier NRL as of 2013-2015. Significant 

differences in movement profiles with ARef displaying higher; total running distance, HSR 

distance, VHSR distance, and higher %HRmax. Referee role had significant (p<0.05) small 

effect sizes on referee total match distance (d = 0.37) HSR distance (d = 0.50) and VHSR (d = 

0.23). This is in line with the study hypothesis and perhaps due to the different requirements 
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and responsibilities of the on-field roles Additionally, ARef match intensity (m/min) and 

%HRmax were significantly higher than HRef for respective 1st and 2nd halves. The nature of the 

ARef role means that the ARef would more closely follow the movement of the ball by the 

offensive team. In comparison the HRef typically adopts a more centralised positioning 

controlled the defensive team and the 10 m offside line (Brightmore et al., 2016), resulting in 

less observed running demands and corresponding %HRmax responses.  

 

The observed difference between the match intensities was not as pronounced as anticipated. 

A determining factor for this outcome may be that neither the HRef nor ARef are ‘locked’ into 

their specific role and indeed will often swap roles if dictated by play. Referees in the 2-referee 

model are required to ‘transition’ or ‘swap’ between roles, when match-play has elicited the 

referees to be in the alternate role i.e. typically the HRef is in front of the ball (80% of the 

match). If the HRef gets caught behind the ruck/ball they will assume ARef roles until match-

play allows the HRef to communicate and effect a physical swap via a running action. Indeed, 

this was a reason presented for the observed increase in HRef movement profiles when 

comparing HRef movement in the 1- and 2-referee models in sub-elite rugby league referees 

(Sutherland et al., 2015). Transitioning between roles is a unique movement pattern within the 

2-referee system. Currently there is little understanding about how the added need to physically 

‘transition’ between roles affects match running demands or indeed referee decision making in 

the 2-referee model, and the effects of referee transitions would be worthy of further 

investigation. 

 

These findings of the current study are conflicting to those of Brightmore et al. (2016) who 

found no differences in referee match activity profiles when comparing referee roles in the NRL 

2-referee model. Indeed, Brightmore et al. (2016) hypothesised that due to the nature of the 
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referee roles, there would be differences in the match activates, however their study results did 

not reflect this. One potential reason for the observed differences in match profiles between 

Brightmore et al. (2016) and the current study were the sampling rates of the GPS units utilised 

(10 Hz Catapult vs 15 Hz GPSports, respectively). Indeed, Johnston et al. (2014) revealed that 

10 Hz GPS units were a valid (p > 0.05) and reliable (percentage typical error measurement = 

1.3%) measure of total distance. In contrast, the 15 Hz GPS units exhibited lower validity for 

total distance and average peak speed. Further, as the speed of movement increased the level 

of error for the 10 Hz and 15 Hz GPS units increased (percentage typical error measurement = 

0.8–19.9). The findings from this study suggest that comparisons should not be undertaken 

between 10 Hz and 15 Hz GPS units. In general, the 10 Hz GPS units measured movement 

demands with greater validity and interunit reliability than the 15 Hz units, however, both 10 

Hz and 15 Hz units provided the improved measures of movement demands in comparison to 

1 Hz and 5 Hz GPS units. Indeed, this is a limitation to the current research.  

 

Additionally, the current study included data from both the 2013 and 2014 NRL seasons for 

analysis in the current study. Seasonal changes to NRL competition laws and interpretations 

could potentially change the match activity profiles for rugby league referees however this 

would require further longitudinal investigation as there were no significant differences 

observed when examining comparison between year. Indeed in a longitudinal observational 

study on rugby league players, Kempton et al. (2013b) found that the seasonal, between-match 

variability is greater for high-speed (CV 14.6%) and very-high speed (CV 37.0 %) running 

compared to total distance (CV 3.6 %). Therefore, a longitudinal season to season comparison 

for referee match-profiles warrant investigation. Indeed when comparing the historical 

descriptive studies of referee match demands, it would appear that there are increasing running 

demands on rugby league referees, however this is speculative given the inherent caution that 
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is required when comparing between studies observing different referee models (Emmonds et 

al., 2015, Hoare, 2008, Kay and Gill, 2003, Kay and Gill, 2004, O'Hara et al., 2013), levels of 

competition (Pearce et al., 2017, Sutherland et al., 2015) GPS studies with different sampling 

rates (Brightmore et al., 2016).  

 

Interestingly, however, there was no difference found in the total sprint distance between 

referee roles. One possible explanation for the observed similarity in sprint distance is that due 

to the implementation of the second referee, neither HRef nor ARef are required to reach 

velocities within the specific sprint zones i.e. >25.2 km∙h-1. A typical instance that may require 

referees to sprint would be an unexpected turn over in possession (e.g. interception and runaway 

try), however, in such an instance the due to the on-field positioning of the referees, the referees 

will swap roles allowing the closer (assist) referee to assume the duties of the head referee for 

the duration of that play. Indeed the total sprint distances reported in the current study (HRef = 

12 ± 23 m, ARef = 14 ± 23 m), are much smaller than those reported by O'Hara et al. (2013) 

who analysed RL referee movement under the one-referee model, HRef = 12 ± 23 m, ARef = 

14 ± 23 m vs. One-referee = 120 ± 97 m. Although it must be acknowledged that the 

aforementioned authors examined referees in a different competition (Super League vs NRL), 

this suggests that the sprinting demands required of the referees are much less under the two-

referee model due to the opposing referee being able to assume control in unexpected instances 

of a turnover or interception, however further within competition research is required to 

confirm these findings.  

 

The current study identified significant decreases in VHSR for both referee roles across match 

halves and a significant decrease in HRef match intensity for the second half. Previous research 

has documented this reduction in referee second half match activity profiles for a number sports 
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including soccer (Castagna et al., 2007, Mascarenhas et al., 2009, Weston et al., 2011), 

Australian Rules Football (Elsworthy et al., 2014) and rugby league (Brightmore et al., 2016, 

Emmonds et al., 2015, O'Hara et al., 2013) referees respectively. Researchers have questioned 

whether this observation is due to referee fatigue or lower match-tempos (player fatigue), while 

this may provide potential rationale for this observation, player match profiles were not 

examined within the context of the current study, which is a limitation of this study. Indeed, 

further research should attempt to observe both referee and player data in concert to examine 

if any relationships exists.  

 

Although rugby league athlete match-profiles have been published previously (Gabbett et al., 

2014, Kempton et al., 2013a, McLellan and Lovell, 2013), player movement profiles were not 

included in the present study. Accordingly, we cannot definitively state wheter these previously 

observed decreased occurred in the present study.  However investigations of work-rates of 

players and officials are measured simultaneously would be of practical application as it would 

provide greater understanding of rugby league referee in-match fatigue levels.  

 

Importantly we must acknowledge the limitations to GPS research. The aforementioned 

technical error of GPS devices is an important consideration when comparing different activity 

profile investigations (Johnston et al., 2014, Kempton et al., 2013b). Furthermore, the current 

study did not code for number of ‘transitions’ within each match. Future investigation into the 

2-referee model should code for this in their data analysis as we hypothesis that this unique 

movement for the 2-referee model may have some effect on the observed differences between 

the referee roles. Nonetheless, the current findings may have practical significance for rugby 

league referee performance coaches. The findings further he understanding of the different roles 

and the observed differences in activity profiles suggest potential benefit in developing 
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specialised training programs depending on referee role. For example, HRef may focus more 

on cardio vascular fitness levels, whereas ARef may require greater emphasis on short sprints 

of higher intensity.  

 

Conclusions and Practical Applications 

The findings of this study indicate that there is a difference in running demands for the 2 

separate on-field referees’ roles (HRef vs ARef) in NRL competition. This will assist this is in 

line with the hypothesis of the study with changes in the 2-refree model meaning the roles are 

kept more segregated than in previous years. This finding can assist Referee performance and 

conditioning staff by providing a greater understanding of the requirements of referees when 

appointed to their separate on-field roles. It also suggests that there could be value in training 

specification of typical head or assist referees if they are more likely to continually officiate in 

that role on a continual basis. As this study suggests the overall running demands differ between 

the referee roles, further research is warranted that focuses on analysis of the specific movement 

profiles with regards to directional running (forwards, backwards and side-slide), or whether 

contextual factors such as referee fitness or referee experience have an effect on the referee 

running demands.  
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Abstract 

Studies have described the physical and physiological demands of elite rugby league referees 

officiating in the Australian National Rugby League (NRL) competition however few have 

investigated the demands for the currently utilised 2-referee model. At present no study has 

investigated the effects of referee experience or referee fitness on the running demands of NRL 

officials. This study aimed to investigate the effects of referee cardiovascular fitness and 

referee match experience on referee running demands. Global positioning systems and heart 

rate data for (n=18) fulltime NRL referees across 318 match samples along with referee pre-

season fitness rank and match experience ranking were obtained for analysis. Referee fitness 

had moderate positive correlations to sprint distance (r = 0.57), very high speed running (r =0 

.65), high speed running (r = 0.63), and number of sprints (r = 0.65), whilst having a moderate 

negative correlation with mean percentage maximum heart rate (r = -0.50). Moderate negative 

correlations were observed between referee experience and number of accelerations (r = -0.54). 

Small negative correlations were also observed for experience and total distance (r = -0.47) and 

relative distance (m/min) (r = -0.46). Linear regression revealed referee role, fitness, match half 

and round were able to explain 38% of the variance in total distance covered. Similarly, referee 

role, fitness, match half and round were able to explain 26% of the observed variance in referee 

high speed running. These findings highlight the importance of aerobic fitness for referees as 

fitter referees generally exhibit higher movement patterns. In addition, assist referees run for 

longer distances at higher speeds. Finally, more experienced referees tend to run less, with 

fewer accelerations, potentially due to their greater game awareness and positioning sense. 

Further research is required to assess if running demands are indicative of improved match-

performance. These findings could assist referee performance staff by enabling a greater 

understanding of the effects of cardiovascular fitness of referees, particularly the assist referees.  

Key words: sports officials, match-experience, fitness, global positioning systems.  



80 
 

Introduction 

In all sports, including rugby league, referees / officials are essential component to having fair 

and safe competition. The nature of rugby league means along with enforcing the rules of the 

game, the referees are involved with the speed, momentum, and overall flow of match-play. 

Previous research investigating the running demands of rugby league referees has indicated 

that the movements required to officiate a rugby league match elicit primarily low intensity 

(80-90% HRmax), low velocity (2.1 - 4.0 m.s-1 41.4 ± 2.4% total match distance) (O'Hara et 

al., 2013) with intermittent bouts of high intensity (Brightmore et al., 2016, Emmonds et al., 

2015) indicating the primarily aerobic requirements of refereeing rugby league (Hoare, 2008, 

Kay and Gill, 2003, Kay and Gill, 2004). These findings are similar to the running demands of 

other sports officials including Australian football umpires (Elsworthy et al., 2013, Larkin et 

al., 2014), rugby union referees (Mellick et al., 2005) and soccer referees (Castagna et al., 2002, 

Weston et al., 2007, Weston et al., 2011). While limited descriptive literature on movement 

profiles of rugby league referees exists, there are no studies investigating contextual match 

factors or referee attributes that may influence a rugby league referees’ on-field movement 

profile. This is despite an abundance of similar literature investigating internal-contextual 

factors (referee age and fitness) on sports officials running demands, including referee 

experience (Castagna et al., 2007, Weston et al., 2010) and referee fitness (Castagna et al., 

2002, Krustrup and Bangsbo, 2001, Krustrup et al., 2002, Weston et al., 2011). 

 

Weston et al., (2010) investigated the effects of age on the movement profile of 22 premier 

league referees (31 – 48 y) to determine the effects of age on the physical movement profiles 

of referees given the well documented decline in age-related physical fitness. When examining 

referee movement performance of 4 English Premier League seasons (778 matches), significant 

age effects were observed for total distance (r = -0.52), high intensity running (r = -0.53) and 
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sprint count (r = -0.53), respectively.  However, no age effects were observed for referee 

distance from fouls nor referee distance from the ball. This suggests that although more 

experienced referees exhibit lower physical match profiles, these decreases did not affect the 

referees’ ability to keep up with play. This was an important finding for the premier league 

officials due to the age limit imposed on their referees. Although rugby league referees have 

no current age limits, findings in line with the study by Weston et al. (2010) may indicate that 

with referee experience comes a greater aspect of positioning and game awareness however the 

influence of age on physical activity profile is yet to be investigated in rugby league referees.  

 

In comparison, Castagna et al., (2002) examined the relationship between anaerobic and 

aerobic fitness tests in experienced, elite-level Italian soccer referees (n = 22) officiating in the 

Serie A and B Italian championships and match running performance. Referees were tested for 

fitness (Anaerobic: 50-m, 200-m and Aerobic: 12-minute run tests) and observed 1-3 times (n 

= 39) during Serie A matches. The 12-minute run test showed a moderate correlation with total 

match distance (r = 0.71) and a low correlation with HIA and maximal speed distance (r = 0.51 

and r = 0.32, respectively) while the anaerobic tests showed no significant correlation. Despite 

the lower sample size, these findings further indicate the predominantly aerobic nature of 

soccer officiating. While practical application of these findings may be difficult to interpret, 

the findings suggest that more aerobically fit referees have a higher correlation for total running 

distance in matches compared to less aerobically fit referees.  

 

Given previous research has identified that rugby league referees exhibit similar running 

demands to the officials in these studies, research is warranted to investigate if these 

relationships exist for rugby league referees. Therefore, the purpose of this research is to 

examine the effects of referee attributes (on-field role, fitness, experience) on running demands 
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in elite rugby league competition. It is hypothesised that referee fitness will have a positive 

relationship with running profiles whereas referee experience will have a negative relationship 

to match running profiles in line with research on soccer referees.  Furthermore, this 

investigation will examine if total running distance and high-speed running distance will be 

able to be predicted by referee role, fitness, and match half. 

 

Participants 

Data were collected relating to the 18 fulltime professional Australian National Rugby League 

(NRL) referees (36 ± 4 y, 177.3 ± 23.2 cm, 80.5 ± 8.9 kg) for the 2013 and 2014 regular seasons. 

All referees had a minimum 1-year experience officiating in NRL matches (132.6 ± 89.0).  

 

Methods 

Retrospective referee time-motion analysis data was obtained by research team by the NRL 

referees performance department on a total of 314 Australian NRL matches total of 628 referee 

profiles (HR and AR each match) using portable 15Hz GPS devices (SPI-Pro, GPSports, 

Canberra, Australia) and 1 Hz heart rate monitors (T-14, Polar. Oy, Finland) during the 2013-

2014. All participants were familiar with wearing GPS units, as the units are worn during 

training sessions. Prior to the commencement of each season (2013-2014) all participants 

completed a field-based maximal aerobic test (Yoyo IRT-1) to determine individual maximum 

heart rate (HRmax), (Bradley et al., 2011, Krustrup et al., 2003). HRmax was used to determine 

percentage heart rate zones during match analysis. All data and procedures were obtained 

analysed in accordance with the University of Technology, Sydney ethical research procedures; 

(UTS HREC REF NO. 2014000612). 
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Referee match running demands (Global Positioning Systems & Heart Rate) 

All GPS data were split into distance variables for; total, high speed running (HSR) (>14.4 

km∙h-1), very high speed running (VHSR) (>19.8 km∙h-1) and sprint (>25.2 km∙h-1) data 

(Rampinini et al., 2007), as well as a measure of referee match intensity (m∙min-1). Raw heart-

rate (b∙min-1) data (T31, Polar, Oy, Finland) were also to provide the percentage heart-rate max 

(%HRmax). 

 

Referee fitness ranking 

Data from the aforementioned Yo-Yo Intermittent Recovery Test Level 1 (Yo-YoIRT1) 

conducted one week prior to the start of the NRL competition season, were also used to rank 

referee fitness levels from 1-18. The referee with the highest predicted VO2max received a rank 

of 1, the remaining participants were ranked in ascending order according to predicted VO2max 

throughout the entire squad. No two referees had the same predicated VO2max. This ranking 

was then median split to provide two more- and less-fit referee groups. 

 

Referee match experience (number of matches officiated) 

Referee match experience was also used as a contextual variable. Number of NRL matches 

officiated prior to the commencement of the 2014 regular season totalled 132.6 ± 89.0 and 

referees were allocated a rank (1-18) depending on their experience level. Specifically, the 

referee with the most NRL matches officiated received a rank of 1, the remaining participants 

were ranked in ascending order according to match experience throughout the entire fulltime 

squad. No two members of the squad had the same match experience. This rank was then 

median split providing two groups of more- and less-experienced referees.  
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Data were collated into one customised Microsoft Excel (Microsoft, Redmond, WA USA) 

spreadsheet. Referees were de-identified by being randomly assigned an identification number. 

Referees were ranked (1-18) in accordance to; fitness (YoYo IRT 1extrapolated VO2max), 

match experience (number of NRL matches officiated prior to season commencement) 

respectively.  

 

Statistical Analyses  

Two stepwise linear models where created to investigate the influence of the referees’ role, 

referee fitness (VO2max), referee experience, referee ranking and match halves (1,2) on the 

relative total running distance (m/min) and relative HSR distance. Prior to data analysis, Role 

was converted into a dummy variable where a participant was assigned ‘1’ when they 

functioned as a head referee and ‘0’ when they did not function as the head referee in a game. 

Relative total distance ran per game (m/min), and relative high speed running (HSRm/min), 

converted into a normalised and standardised quotient score (100+(z-score*15) with a standard 

deviation of 15 and an average of 100 arbitrary units. These variables were then entered into a 

factor analysis (Principal Component Analysis, PCA) with the output of a single factor, 

representative for the physical demand of a game (relative total distance and relative HSR 

distance, respectively). 

 

Results  

Referee fitness (YoYo IRT scores) had moderate positive correlations to several movement 

criterion (Sprint [m] = 0.57, VHSR = 0.65, HSR = 0.63, Sprint [n] = 0.65), whilst having a 

moderate negative correlation with %HRmax (-0.50). Referee experience had a moderate 

negative correlation to accelerations (n) (-0.54) and a small negative correlation to relative 

match distance (m/min) (-0.47) Results for the correlation analysis can be found in Table 4.1. 
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Table 4.1: Correlation analysis for association between contextual factors and referee running 
parameters in NRL referees (n=18) during the 2013 and 2014 NRL seasons. Referees were 
median split for each criterion (fitness ranking and experience ranking).  

 Experience m/min Distance 
Sprint 

(m) 

VHSR 

(m) 

HSR 

(m) 

Sprint 

(n) 

Acc. 

(n) 

Dec. 

(n) 

%HR 

max 

Fitness -0.15 0.36 0.35 0.57* 0.65* 0.63* 0.65* 0.41 0.22 -0.50* 

Experience - -0.47† 0.11 0.11 -0.06 -0.27 0.13 -0.54* -0.37 -0.29 

 

(m/min) = relative match distance in metres per minute, (VSHR) = very high speed running 
(>19.8 km∙h-1), (HSR) = high speed running (>14.4 km∙h-1), (Acc.) = acceleration (>2.5 m∙s-2, 
>1 s), (Dec.) = deceleration (>-2.5m∙s-2, >1s), (%HRmax) = heart rate expressed as a 
percentage of heart maximum. *Denotes Moderate correlation †Denotes Small correlation.  
 

Predicting Total distance 

A stepwise linear model revealed a significant effect of referee role (p=0.006), a referee’s 

cardiovascular endurance (p = 0.002), a referee’s cardiovascular endurance dependent on their 

role (role*cardiovascular endurance interaction effect, p<0.001), a game’s half (p<0.001), on 

the relative total distance covered by a referee in a game. Additionally, allowing the model’s 

intercept to vary randomly and allowing random slopes for the effect of round provided the 

best model fit (AIC = 8657.6, df = 9, p = 0.004, Chi2 = 8.34) and explained 38% of the variance 

in distance covered during a game. Total distance model coefficients can be found in Table 4.2.  
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Table 4.2: Linear regression model coefficients examining contextual factors (referee role, 
referee fitness and match half) for relative match running distance (m/min) for Rugby League 
Referees (n=18) in the Australian National Rugby League during season 2013 and 2014.  

Final model coefficients (*) Estimate  
(Speed (m/min)) Standard error t-value 

Intercept 18.95 12.55 1.51 

Role (reference is head referee) -9.22 17.46 5.28 

YOYO VO2 1.20 0.22 5.43 

Half (reference is first half) -2.80 0.44 -6.31 

Role*YOYO VO2 interaction effect -1.56 0.30 -5.15 
YOYO VO2 = predicted VO2max from the yoyo intermittent running test (Bangsbo et al., 2008). 

 

Assistant referees covered 9.22 m/min (SE = 12.55 m/min) more than head referees. 

Additionally, with every increase in one unit of VO2max, there is a 1.2 m/min increase in running 

distance during a game. There is an interaction effect of referee role and cardiovascular 

endurance where fitter head referees run more (1.19 m/min increase per unit of VO2max) and 

fitter pocket referees run less (0.36 m/min decrease per unit VO2max). Finally, a main effect of 

half was observed where a referee runs 2.8 m/min less in the second half than in the first half 

of a game. 

 

Predicting High speed running 

A stepwise linear model revealed a significant effects for; referee role (p<0.001), and referee’s 

cardiovascular endurance (p = 0.004), and match half (1st v 2nd) (p<0.001), on the relative 

distance covered while running at high speed during a game. Additionally, allowing the 

model’s intercept to vary randomly and allowing random slopes for the effect of round 

provided the best model fit (AIC = 7326.2, df = 8, p < 0.001, Chi2 = 17.93) and explained 26% 

of the variance in distance covered during a game.  
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Assistant referees covered 1.72 m/min (SE = 0.66 m/min) more in high speed running than 

head referees. Additionally, with every increase in one unit of VO2
max, there is a 0.31 m/min 

(SE = 0.09 m/min) increase in high speed running distance during a game. Also, a main effect 

of half was observed where a referee runs -1.69 m/min (SE = 0.26) less in the second than in 

the first half of a game. High speed running model coefficients can be found in Table 4.3. 

 

Table 4.3: Linear regression model coefficients examining contextual factors (referee role, 
referee fitness, for match high speed running (>14.4 km∙h-1) for Rugby League Referees (n=18) 
in the Australian National Rugby League during seasons 2013 and 2014.  
 

Final model coefficients (*) Estimate  
(Speed (m/min)) Standard error t-value 

Intercept -0.93 5.12 0.181 

Role (reference is head referee) -1.72 0.66 2.608 

YOYO VO2 0.31 0.09 3.407 

Half (reference is first half) -1.69 0.26 6.506 

YOYO VO2 = predicted VO2max from the yoyo intermittent running test (Bangsbo et al., 2008). 

 

Model fit 

The residual distributions from the final models in both analyses were significantly different 

from normal when assessed using a Shapiro Wilk normality test (p<0.05). However, visual 

inspection of the total distance model revealed an acceptable fit. Upon visual inspection of the 

high-speed running model residuals, it was observed that especially in the tails of the data, 

some error is apparent. Therefore, these models fit the data well for referees with VO2max and 

high speed running distances that are in the belly of the distribution, but some error should be 

acknowledged when using this model to estimate high speed running distance covered for 

referees with high or low VO2max values. 
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Discussion 

The purpose of this study was to examine the effects of referee attributes (fitness and match 

experience) on observed match-running demands. In-line with the study hypothesis referee 

fitness had a positive correlation with observed NRL referee movement demands, and referee 

experience had a negative relationship observed NRL referee movement demands. In addition, 

referee role, fitness and match half were found to be significant predictors of relative total 

match running and relative total match high speed running.  

 

Referee fitness (YoYo IRT scores) had moderate positive correlations to several movement 

criterion (Sprint distance r = 0.57, VHSR r = 0.65, HSR r = 0.63, Sprint number r = 0.65), 

whilst having a moderate negative correlation with %HRmax (r = -0.50). These findings are in 

agreement with recent research that has suggested that increased fitness (cardio-vascular 

capacity) translates to the ability to complete higher movement demands and lower internal 

loads (%HRmax) (Bangsbo et al., 2008, Bradley et al., 2011, Emmonds et al., 2015). Previous 

studies have reported that NRL referees complete ~ 8-11 km per match, with the majority of 

movement as speeds between 0.51–2.0 m/s and 2.01–4.0 m/s, highlighting the aerobic nature 

of rugby league officiating (Emmonds et al., 2015, Hoare, 2008, Kay & Gill, 2003, O'Hara et 

al., 2013). Whilst primarily aerobic in nature, the referees will complete short bouts of HSR, 

VHSR and sprinting intermittently. The results of this research suggest that rugby league 

referees with higher fitness levels will have the capacity to complete more of these higher speed 

movements throughout the match, if required, to get into best position for decision-making at 

lower internal cost (%HRmax). While Emmonds et al. (2015) found no significant relationships 

between the movement demands of Super League referees referee penalty accuracy, examining 

the relationships between position and movement on the field and decision making of NRL 

referees and is of merit, as greater understanding of best practise in positioning on field may 



89 
 

direct future training and indeed adaptations to the 2-referee model. Referees in the 2-referee 

model are required to ‘transition’ or ‘swap’ between roles, when match-play has elicited the 

referees to be in the alternate role (i.e. typically the HRef is in front of the ball (~80% of the 

match)). If the HRef gets caught behind the ruck/ball they will assume ARef roles until match-

play allows the HRef to communicate and effect a physical swap via a running action. Indeed, 

there is little is understood about how the added need to physically ‘transition’ between roles 

affects match running demands or indeed referee decision making. And is a warranted area of 

further research.  

 

Findings from the present study found that referee experience was associated with lower 

observed accelerations (r = -0.54), total distance (r = -0.47) and relative distance (r = -0.46). A 

possible explanation for this could be that the more experienced referees have a greater ‘game 

sense’ or ‘game awareness’ allowing for better positioning and a lowered subsequent need for 

sprints. These findings agree with Weston et al. (2010) who found that more experienced 

referees in the English Premier League displayed significantly lower workloads when 

compared to less experienced officials. Similarly, the previous authors attributed this finding 

to a greater understanding of the flow of the match allowing for more effective positioning 

during play. It must be noted that in both the study by Weston et al. (2010) and the current 

study that age may also have contributed to this finding however referee age was not included 

as a variable in the current analysis. Naturally the referees with greater experience are older 

and therefore may experience a decline in their ability to complete a high number of sprints 

due to a decline in repeat sprint ability, however in the present study, referee experience and 

age only had a trivial negative association (r = -0.15) suggesting that more experienced referees 

(older) did not have significantly lower fitness levels. Indeed, the findings from the Weston et 
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al. (2010) indicated that although there was a difference in workload, there was no difference 

in the referees distance from a foul when a decision was made.  

 

The present findings agree with results from other team sports codes. In particular, Castagna et 

al. (2002) who challenged the international age ceiling (45-years) on soccer officials. The study 

investigated 22 professional soccer referees (age 31- 48 years) with a median age split to 

compare physical match profiles as well as performance (distance from ball, and distance from 

fouls). The study found no significant age effects where found (younger vs. older) for physical 

match profile variables: total match distance (r = -0.52), high intensity running metres (r = -

0.53), sprint counts (r = -0.53). In contrast no age effects were found for the performance 

indicators of distance from the ball or distance from fouls. The authors concluded that the 

reduced physical parameters associated with increasing referee age did not appear to impact 

the older referees’ ability to keep up with the movement of the players, or therefore, impede 

referee performance.  Further research would be needed to determine if this is true for rugby 

league referees. Indeed research investigating distance from penalties and whether the penalty 

was given via communication from the assistant referee would be of great practical importance 

as there is some speculative conjecture about the appropriateness or of the 2-referee model with 

critics preferring the apparent increased consistency of decisions under the previous adopted 

1-referee model, however to-date there are no known studies comparing the decision accuracy 

of referees under the 1- versus 2-referee models.  

 

The present findings showed that the the linear models were only able to account for 38% 

variation in distance and 26% variation in high speed running metres, respectively. These are 

relatively low prediction values, with other factors not included within this analysis seeming 

to have a contribution to referee match running demands. It is worth noting that the running 
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requirements of the referee may be related to the running output of the players, however this 

relationship is yet to be investigated. Indeed, Kempton et al., (2013) reported that there are 

decreases in relative total distance and HSR distances for NRL players during matches; away 

from home, early in the season and following short recovery cycles. Similarly, the same authors 

found that NRL players decrease their relative total distance in the second half of matches 

pointing to possible fatigue related causes (Kempton et al., 2015). Whether the referees 

experience the same fatigue symptoms, or simply don’t require to run as much due to the 

observed decrease in movement of the players is yet to be investigated, but may have great 

practical significance. Indeed, Emmonds et al. (2015) reported a significant drop in referee 

penalty accuracy during the last 10-minute period of English Super League matches (from 74 

± 5 % to 67 ± 13 % - effect size 0.86). This is of concern to referees as incorrect decisions in 

this period of a match may ultimately decide the match outcome, therefore further investigation 

may warrant an increase in recovery strategies at half-time.  

 

This is the first known study to investigate the effects of rugby league referee attributes (match 

experience, fitness, and on-field role) on running demands in the NRL. Despite this validity, 

some limitations must be noted. Referee fitness ranking was taken at the beginning of the 

season via a YoYo IRT1 test. It is possible that referee’s fitness levels changed throughout the 

season with changes in appointments and training loads. Similarly, referee experience and 

referee role are not completely unrelated variables. Referees in the head referee role are 

generally those with greater match experience. There are however, career assist referees 

(experienced referees that are only appointed to the assist role) that were included in the study 

and therefore separating these variables (role and experience) deemed as we wished to examine 

the effects of match experience on running demands regardless of role. Further investigation is 



92 
 

warranted to examine the movement profiles of experience on role specific movement. This 

could potentially provide evidence for NRL referee-role specific coaching.  

 

Conclusions and Practical Applications  

This is the first study to investigate the effects of NRL referee attributes (match experience, 

fitness, and on-field role) on running demands in the NRL. Higher preseason fitness ranking 

(YoYo IRT1 scores) was moderately correlated with several observed match-speed parameters 

including high speed running, very high-speed running, and sprint distances. Higher fitness 

levels were also moderately correlated with lower internal loads (%HRmax). Referee 

experience had a moderate negative correlation with number of performed accelerations. 

Referee role (HRef vs ARef), referee fitness and match half were able to predict 38% and 26% 

of the observed variance in total match running distance and high-speed running distance, 

respectively. Together the findings highlight the importance of cardio-vascular fitness for 

referees, particularly less experienced assist referees. Referee performance staff and coaches 

could potentially utilise the more experienced referees, in either role, to assist in positional 

awareness and position coaching of the less experienced referees. Lastly, there was an apparent 

decrease in running performance in the second half of matches which is consistent with 

previous referee and player literature. Research investigating if this is observation is due to 

previously reported decreases in match running demands of players or due to fatigue of the 

referees is warranted as fatigue may affect referee decision making however this requires 

further confirmation. 
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Abstract 

 

Rugby League referees are responsible for officiating and controlling the conduct of rugby 

league matches and are thus essential to the game. Despite this, there is little published 

literature around key performance indicators for rugby league referees. The aim of this paper 

was to investigate which quantifiable factors contribute to referee evaluation via linear 

regression analysis. Retrospective data for physical movement profiles, decision-making , rank, 

fitness and contextual factors were included for (n=19) fulltime NRL referees to examine which 

factors contributed to post-match referee evaluation scores provided by experienced referee 

evaluators for the 2014 NRL season. The factors included in the stepwise analysis were only 

able to explain 20% (adj R2 = 0.20, (F (5,288) = 15.300; p<0.001) of the variance in evaluation 

scores. The factors that significantly accounted for variance in referee evaluation scores were; 

penalty accuracy (p<0.01, t = 6.731), referee role (head vs. assist referee) (p<0.001, t= -4.435), 

competition round (time) (p = 0.025, t = 2.260) very high speed running distance (>14.4km/h) 

(p = 0.026, t = -2.235), and referee post-match self-reported stress (p=0.052, t=-1.948). Other 

factors including referee rank, referee fitness and identification of off-side players (inside-

defensive 10m) were not significantly associated with performance evaluation scores. The 

findings suggest that referee performance is multi-factorial, encompassing a combination of 

perceptual-cognitive, physical, and contextual factors, and cannot be captured accurately in one 

post-match evaluation score. As penalty accuracy contributed most to evaluation variance, 

referee coaches and performance staff should include a focus on training referees with domain-

specific judgement tasks to improve rugby league referee decision-making in situ.  

 

Key words: rugby league, referee, evaluations, performance, decision-making   
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Introduction 

Rugby league (RL) referees are responsible for officiating and controlling the conduct of 

matches and are essential to the game. To perform their duties, referees need well developed 

physical and cognitive attributes (Castagna, 2007; Catteeuw, 2009; Elsworthy, 2014; 

Mascarenhas, 2005).  Indeed, RL referees need to possess physical capacities that facilitate the 

ability to place themselves in appropriate field positions to observe match play and to make 

accurate decisions according to the rules of the game (Brightmore, 2016; Emmonds, 2015). 

Well-developed psychological and perceptual-cognitive attributes are also essential for sports 

officials as they require a high level of sustained vigilance (Larkin et al., 2011, Larkin et al., 

2016), excellent decision-making skills (Kittel et al., 2017, MacMahon et al., 2014) and strong 

communication abilities (Casajús, 2015; Elsworthy, 2014).  Indeed recent studies have shown 

that when asked about key attributes for refereeing rugby league (Morris and O'Connor, 2017) 

and umpiring Australian football (Kittel et al., 2019), both groups rated perceptual-cognitive 

or psychological skills higher than physical skills. However, whilst there is a general 

understanding of the qualities required of rugby league officials, no studies have examined the 

efficacy of methods for assessing rugby league referee performance. Nonetheless, currently 

employed methods for assessing referee performance are subjective evaluations of referees’ 

performances are often used to determine match allocations (i.e. which referees are selected to 

referee specific matches), career progressions and salaries.  

 

One method employed the Australian National Rugby League (NRL) referees’ high-

performance unit – the highest level of RL match officials in Australia - is to use subjective 

post-match evaluations. During these evaluations, referee coaches review video footage from 

a referee’s match performance and use that video to provide referees with a score between 0-

100 points. Referees start at 100-points and are deducted points (-1, -2 or -10) for decision 

errors depending on the perceived severity of the decision error.  ‘Effort area’ points can be 
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allocated for positive on-field actions relating to the referee’s communication, teamwork, and 

positioning (see Appendix A). However, despite being the standard method of referee 

evaluation in the NRL, this method has not yet been validated. Therefore, a study that helps to 

understand the factors that contribute to the variance in post-match evaluation scores can help 

referees and referee coaching staff to refine the assessment procedure, understand the possible 

biases in subjective evaluations, and ultimately improve on-field performance.  

 

Whilst the current evaluation method for assessing RL referees has not been empirically 

validated, a structured framework for assessing performance of officials has been described in 

professional rugby union (Mascarenhas, 2005). The framework describes a ‘Cornerstones 

Performance Model for Refereeing’ that details four pillars of rugby union referee 

performance: 1) Personality and Game management, 2) Knowledge and application of the law, 

3) Contextual judgement, and 4) Physical fitness positioning and mechanics. This framework 

for assessment has shown predictive validity (distinguishing expertise levels) and has been 

adopted as the assessment model for officials working in the Rugby Football Union (RFU) 

(Mascarenhas, 2004). As there are many similarities in the roles of officials for both RL and 

rugby union, there is merit in examining how the current RL referee evaluation model relates 

to the quantifiable measures contained in this framework.  

 

Whilst physical match performances (i.e. positioning and mechanics) of RL officials have been 

well described (Brightmore et al., 2016, Emmonds et al., 2015, Kay and Gill, 2003, Kay and 

Gill, 2004, O'Hara et al., 2013 Hoare, 2008 #85, Pearce et al., 2017), fewer investigations have 

examined the technical or cognitive demands (i.e. knowledge-application of the law and 

contextual judgement) placed on RL referees during matches. Indeed, to date, relatively few 

studies have investigated the relationship between physical and cognitive demands of match 
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officials (Elsworthy et. al. 2014., Emmonds et al., 2015, Larkin et al. 2014). These studies have 

shown no relationship between penalty or free-kick accuracy and physical activity profiles in 

RL (Emmonds et al., 2015) and Australian Football (Elsworthy et. al. 2014 ;2015, Larkin et al. 

2014), respectively. 

 

Refereeing elite RL is likely to result in physical (Elsworthy et al., 2013, Emmonds et al., 2015, 

Pearce et al., 2017), and mental fatigue (Elsworthy et al., 2015, Elsworthy et al., 2014, 

Emmonds et al., 2015, Smith et al., 2013) which may affect performance. Whilst no studies 

have examined the relationship of physical and mental fatigue during match play per se, several 

investigations have assessed the association between physical activity and decision accuracy 

in matches (Emmonds et al., 2015) used match fatigue and video-based decisions (Larkin et 

al., 2014) and in match simulations under laboratory conditions (Elsworthy et al., 2013). 

Emmonds et al., (2015) reported an overall match decision accuracy (penalties awarded) of 74 

± 5% in RL referees during competitive matches (English Super League) but no differences in 

accuracy between halves or 10-minute periods were observed.  Similarly, Elsworthy et. al. 

(2014) reported and an umpire decision accuracy (free-kicks awarded) of 84 ± 6% in (n=20) 

Australian Football Umpires during match play, and also observed no temporal changes in 

decision accuracy during the match, suggesting match-induced fatigue did not negatively affect 

overall decision-making  performance in competition..  

 

While referee fitness and decision-making are relatively easily quantified (correct or in-correct 

adjudications), other potentially critical aspects of performance such as contextual judgement 

or game management are difficult to assess. For example, an important role of a RL head-

referee is to set a 10-m defensive distance (i.e. between opposing teams) every time a player is 

tackled. In these situations, conditions, the referee is required to adjudicate on any defending 
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player infringing within this distance. Indeed, accurate identification and prompt 

communication for 10-m rule infringing players may be an important measurable factor in RL 

referee ‘game management’. To achieve this, the referee will use their own visual perception 

and accompanying verbal information from touch-judges (side-line officials) to verbally ‘call’ 

players off-side and then make decisions on infringements based on the following actions of 

these players (response action or no-response action). If referees miss or incorrectly identify 

these infringing players’, they provide an illegal advantage to the defending team.  However, 

despite this aspect being considered a component of referee performance (i.e. ‘game 

management’), little is known about how this may relate to perceptions or moreover 

evaluations of RL referee performance. 

 

There are many contextual or random factors that could influence sports officials’ performance.  

For example, referee ranking, referee on-field role (head vs. assist referee), the referee 

psychological state (e.g. stress, pressure, perceived match-difficulty) (Castagna et al., 2007, 

Stewart et al., 2004, Wolfson and Neave, 2007) the final score-line (Gift, 2012) and home-team 

win/loss (Pettersson-Lidbom, 2010; Sutter, 2004) and time of season (Emmonds, 2015), may 

have the potential to directly or indirectly influence performance. To date however, no studies 

have examined if these factors influence post-match evaluation of RL referee’s performance.  

At present, extraordinarily little is known about the contributing factors to successful or 

unsuccessful RL referee performance. Therefore, the aim of this study was to examine 

measurable factors that contribute to the NRL referees performance evaluation metric by 

including theoretically relevant performance elements such as; movement profile, decision 

accuracy, 10 m off-side rule management , self-reported stress, mental fatigue and time 

pressure, score-line, or home-team win/loss. It was anticipated that an improved understanding 

of how these factors may influence the evaluation of referees’ on-field performances could be 
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used to better inform referee assessment methods. Additionally, improved knowledge in this 

area may also be used to better prepare referees for their match officiating roles.  

 

Methods 

All data collated for the analysis were collected by the NRL referee’s performance department 

relating to the 19 fulltime professional NRL referees (36 ± 4 y, 177.3 ± 23.2 cm, 80.5 ± 8.9 kg) 

for the 2015 regular season. All referees had a minimum 1-year experience officiating in NRL 

matches (133 ± 89 matches). A total of 294 complete observations from 19 referees were used 

in this study after applying an outlier labelling rule to the data whereby all evaluation score 

values that fell outside of a range determined by adding 2*IQR to the 75th and subtracting 

2*IQR from the 25th percentile which removed 12 observations from the dataset (Hoaglin and 

Iglewicz, 1987, Hoaglin et al., 1986). The project received the appropriate ethical approval 

(UTS HREC REF NO. 2014000612). 

 

Measurements 

Evaluation quotient (dependent variable).  

Referee post-match evaluation data was obtained for the 2015 season.  Following this 

evaluation system, referees began each match with a score of 100 points and points were 

deducted or added according to evaluator assessments. All match officials (2-onfield and 2 

touch judges) were scored individually whereby any officials that contributed to a decisive 

effort or error were awarded/deducted points.  Evaluation points were attributed as follows: 

minor error (-1 point), major error (-2 points) , error resulting in points for the opposing team 

(-10 points), good effort in; positioning, communication or teamwork (+1 point) and excellent 

effort in; positioning, communication or teamwork (+2 points) (see Appendix A).   



103 
 

Officials were able to dispute incorrect decision points and point weighting(s) with the referee 

evaluator. Where agreement was not met, the Referees General Manager made final 

adjudication on decision accuracy and evaluation point allocation. Following the assessment, 

all individual evaluation scores were recorded and collated by the Referees data analyst for 

performance tracking. After data for all referees’ performance evaluation scores were received, 

a standardized Evaluation Quotient score was calculated for each referee by first obtaining 

sample specific z-scores before calculating the quotient score as follows: Quotient Score = 

100+(z-score*15). This resulted in a standardized and normalised score for which the average 

score is 100, and the standard deviation is 15.  

 

Referee role and evaluations 

The NRL operates under a two-referee system where the on-field officials assumed the roles 

of either Head referee or Assist Referee.  Prior to commencing the 2014 season, the referees 

were ranked, according to the General Manger of Referees expert opinion from the previous 

season.  No stipulations were given with regards to referee on-field role, or previous referee 

match experience when making the rankings. 

 

Fitness ranking (season commencement)  

The Yo-Yo Intermittent Recovery Test Level 1 (Yo-YoIRT1) conducted one week prior to the 

start of the NRL competition season, were also used to rank referee fitness levels from 1-18. 

The players were ranked from highest to lowest according to their YoYoIRT1 performance 

(Krustrup et al., 2003) 
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Referee post-match subjective ratings 

Following each match, the referees were asked to provide subjective ratings of match mental 

demands (How mentally demanding was the match? 1 = not at all, 20 = maximal mental effort), 

stress (How much stress did you feel whilst officiating the match? 1 = none at all, 20 = maximal 

stress) and time pressure (How would you rate the time pressure of the match (number of 

decisions)? 1 = hardly any decisions, 20 = maximal number of decisions possible) on a 20-

point visual analogue scale (VAS). The referees recorded this data within 30-minutes of match 

completion on their own devices (iPhone, Android phone) and the data were stored on a secure 

cloud-based athlete management system (Smartabase, Fusion Sport, Brisbane, AUSTRALIA).  

 

Game Penalty Accuracy 

Referee penalty accuracy was recorded as part of the post-match evaluation procedure. Each 

penalty awarded was determined to be correct or incorrect by an independent expert match 

evaluator. The match evaluator also indicated any missed penalties (i.e. game situations that 

required a penalty but were not given). Penalty accuracy was then calculated via the following 

formula:  

Penalties correct  

                          -----------------------------------------------------             (x 100) 

Penalties correct + penalties incorrect + penalties missed 

 

10 m offside penalties 

Identifying 10-m penalties is a unique aspect of refereeing and assessed separately to the more 

generalised penalty accuracy.  A commercial statistics company (STATS Pty Ltd, Surry Hills, 

Sydney, Australia) records every player that is inside this 10 m distance each play was used to 

assess 10-m offside penalties.  Each occurrence was classified according to whether a 10-m 
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rule infringement was missed or managed (verbally identified by the referee).  The 10-m offside 

penalty accuracy was determined using the following formula: 

Players inside 10-m managed 

-------------------------------------------------------------    (x100) 

Players inside 10-m managed + Players inside 10m missed 

 

Match Running Demands  

Each referee was allocated a GPS device  for the duration of data collection to minimise inter-

unit error (Kempton et al., 2015). Prior to match day warm-up, referees were fitted with a 

customised vest (GPSports, Canberra, Australia) which positioned the GPS device between the 

referee’s scapulae at the base of the cervical spine. Following each match, the data were 

analysed using proprietary software (TeamAMS R1-2016.1, GPSports, Canberra, Australia). 

Each file was trimmed so that only data recorded during each match half was included for 

analysis. The propriety software provided instantaneous raw velocity data at 0.2 s intervals 

which was then exported and placed into a customised Microsoft Excel (Microsoft, Redmond, 

WA USA) spreadsheet (Kempton et al., 2013b). The spreadsheet provided total, High Speed 

Running (HSR, >14.4 km∙h-1), and Very High Speed Running (VHSR, >19.8 km∙h-1) data 

(Rampinini et al., 2007), as well as a measure of match speed (m∙min-1). 

 

Random Factors 

Each match officiated during the season was classified according to match result (home team 

won=0 or lost=1), score-line margin (winning team points score – losing team points score) 

and playing round (1-26).  
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Statistical Analyses  

Assumptions for running linear regression models were assessed prior to analysis such as the 

linearity of the relationship between dependent and independent variables, and possible 

collinearity between the independent variables. Prior to analysis, total metres covered and 

experience rank were removed from the list of independent variables as they correlated highly 

with other independent variables (rank and relative distance per minute), but had poorer 

correlations with the dependent variable than rank and relative distance per minute, which were 

ultimately retained for further analysis. The homogeneity of residual variance and the normality 

of the residual distribution were assessed post modelling using a Levene’s test and a visual 

inspection of the residual distribution using qqplots, respectively.  

 

Despite the repeated measures (referees were evaluated over multiple games) and the potential 

risk for the violation of the assumption of independence (values clustered within the same 

referee may be more related to each other than to the values of other referees), a linear mixed 

effects null model with random intercepts for referees did not reveal a significantly better 

model fit than a multiple linear regression null model (mixed effects model: AIC = 2397.1, df 

= 3; linear regression: AIC = 2395.1, df = 4).  Therefore, a multiple linear regression was 

ultimately used to investigate the factors affecting referee evaluation score. Evaluation 

Quotient was entered as the dependent variable, and referee role, overall ranking, fitness 

ranking, mental VAS, physical VAS, Time pressure VAS, Stress VAS, the amount of game 

penalties correct, the amount of 10m calls correct, the distance covered overall, in high speed 

running and in very high speed running, the point margin, and the round were introduced as 

independent variables. A step-up approach was used for the introduction of independent variables, 

where an independent variable was retained in the model if it yielded a significantly better model fit. 

Table 5.2 shows an overview of all variables included and retained or discarded within the 

model. All data was analysed in R and significance thresholds were set at p<0.05. 
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Table 5.1: Descriptions of predictors used to explain the variance in National Rugby League referee post-match evaluation scores. 

 
Dependent Variable Predictor Description Units 

Evaluation score 
 

   
On-Field Role   

 Referee role Head Referee vs Assist Referee Head Referee = 0 
Head Referee = 1 

 Preseason Rank   
Referee rank 
Fitness rank 
 

Subjective Rank of referee ability 
Rank of Referee fitness (YoYo IRT1) 

Rank 1-18 
 

 
 Referee Subjective Scores   
 Mental Difficulty 

Time Pressure 
Stress 

Referee rating of match mental demands 
Referee rating of match time-pressure (decisions/time) 

Referee rating of match stress/duress 

Likert Scale 1-20 
 

    
Game Decision Accuracy 
Referee Penalty Accuracy 
10m-offside Identification Correct penalties/correct penalties + missed & incorrect penalties 

Number of players inside defensive 10 m identified/Number of 
players inside defensive 10 m identified + not identified. 

 
% 
 

    
Match Running Demands 
HSR 
VHSR 
Match Intensity 

 Match running distance 4 ms1< x <5 ms1 
Match running distance > 5 ms1 

Total running distance / Total match time 

m 
 

m.min-1 
    

Random Factors 
Winner Away Team (Y/N) 
Score Margin 
Round 

 Did the visiting team win 
What was the score margin 

Time of season – what round is it 

No= 0 
Yes=1 

Integer 1-26 
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Table 5.2: Multiple linear regression examining factors that contribute to National Rugby League referees post-match evaluations scores.

  Intercept Role 
(HR) Rank Fitness 

rank Mental Time 
Pressure Stress Game 

Penalty 10m HSR VHSR m/min 
Winner 
(away 
team) 

Margin Round 

Coefficient±SE 100.3±0.8               

t-value 119               

p <0.001               
                

Coefficient±SE 103.4±1.1 -6.7±1.7              

t-value 92.05 -4.05              

p <0.001 <0.001              
                

Coefficient±SE 104.5±3.0 -7.3±2.2 -0.1±0.2             

t-value 35.07 -3.33 -0.41             

p <0.001 <0.001 0.068             
                

Coefficient±SE 103.3±1.7 -6.7±1.7  0.0±0.2            

t-value 61.22 -3.98  0.04            

p <0.001 <0.001  0.97            
                

Coefficient±SE 108.7±3.7 -6.5±1.7   -0.4±0.3           

t-value 29.09 -3.95   -1.48           

p <0.001 <0.001   0.14           
                

Coefficient±SE 107.5±3.5 -6.7±1.7    -0.4±0.3          

t-value 30.66 -4.03    -1.25          

p <0.001 <0.001    0.21          
                

Coefficient±SE 110.0±3.0 -6.6±1.6     -0.6±0.3         

t-value 36.18 -4.06     -2.35         

p <0.001 <0.001     0.019         
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Table 5.2 (Cont.):  

 

  Intercept Role 
(HR) Rank Fitness 

rank Mental 
Time 

Pressur
e 

Stress Game 
Penalty 10m HSR VHSR m/min 

Winner 
(away 
team) 

Margin Round 

Coefficient±SE 74.1±6.3 -
6.8±1.5 

    -
0.5±0.2 0.4±0.1        

t-value 11.7 -4.42     -2.09 6.37        
p <0.001 <0.01     0.037 <0.001        
                

Coefficient±SE 64.8±10.9 -
6.9±1.5 

    -
0.5±0.2 0.4±0.1 0.1±0.1       

t-value 5.93 -4.45     -2.15 6.3 1.05       
p <0.001 <0.001     0.033 <0.001 0.296       
                

Coefficient±SE 76.5±6.4 -
7.1±1.5 

    -
0.5±0.2 0.4±0.1  -

0.0±0.0 
     

t-value 11.9 -4.61     -1.99 6.56  -1.93      
p 0.001 0.001     0.048 <0.001  0.055                      

Coefficient±SE 75.6±6.3 -
6.8±1.5 

    -
0.5±0.2 0.4±0.1   -

0.1±0.0 
    

t-value 11.92 -4.43     -2.24 6.51   -2.01     
p <0.001 <0.001     0.026 <0.001   0.046     
                

Coefficient±SE 71.1±12.1 -
6.4±1.7 

    -
0.5±0.2 0.4±0.1   -

0.1±0.0 0.1±0.1    

t-value 5.87 -3.77     -2.24 6.43   -2.04 0.44    
p <0.001 <0.001     0.023 <0.001   0.043 0.66    
                

Coefficient±SE 76.1±6.4 -
6.8±1.5 

    -
0.5±0.2 0.4±0.1   -

0.1±0.0 
 -

1.6±1.6 
  

t-value 11.96 -4.43     -2.11 6.46   -1.85  -1.01   
p <0.001 <0.001     0.036 <0.001   0.065  0.314                   

Coefficient±SE 72.6±6.5 -
6.8±1.5 

    -
0.4±0.3 0.4±0.1   -

0.1±0.0 
  0.1±0.1  

t-value 11.08 -4.44     -1.62 6.51   -1.95   1.79  
p <0.001 <0.001     0.105 <0.001   0.052   0.075                  

Coefficient±SE 70.7±6.7 -
6.7±1.5 

    -
0.5±0.2 0.5±0.1   -

0.1±0.0 
   0.2±0.1 

t-value 10.63 -4.44     -1.95 6.73   -2.23    2.26 
p <0.001 <0.001     0.052 <0.001   0.026    0.025 
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Results 
Twenty percent of the variance (adj R2 = 0.20, (F(5,288) = 15.300; p<0.001) in Evaluation 

Quotient could be explained by a combination of Role (p<0.001, t= -4.435), stress VAS 

(p=0.052, t=-1.948), penalty accuracy (p<0.01, t = 6.731), VHSR (p = 0.026, t = -2.235), and 

Round (p = 0.025, t = 2.260). In this stepwise model, the most important predictor of evaluation 

score was penalty accuracy (beta (standardized) coefficient = 0.4) followed by role (-0.2), and 

round (0.1), VHSR distance (-0.1) and stress (-0.1). There is a positive relationship between 

game penalty score and evaluation quotient (with every unit increase in game penalty score 

accuracy there is a 0.5±0.1 unit increase in EQ), and between round and EQ (with every round 

there is a 0.2±0.1 unit increase in EQ). However, there was a negative association between EQ 

and Role (head referees receive an average evaluation that was 6.7±1.5 points lower than 

assistant referees), VSHR distance (with every m spent in VHSR there is a 0.1±0.0 units 

decrease in EQ), Stress (with every unit increase in self-reported stress there was a 0.5±0.2 unit 

decrease in EQ).   

 

Following data analysis, homogeneity of variance of the residuals was confirmed (Levene’s 

test F(18,275) = 0.820, p = 0.681) and despite a Shapiro Wilk test revealing a non-normal 

distribution of the model residuals (W = 0.98, p=0.001), a visual inspection of the model 

residuals revealed random patterns in a residuals vs observed plot and visually normally 

distributed residuals in a quantile-quantile plot. Given the nature of the data collected in this 

study, it can be expected that any model explaining referee evaluation scores would show some 

measure of error; however, upon visual inspection of the residual plots it was deemed this 

measure of error was acceptable in the current study and therefore the model developed in this 

study appeared to fit the data reasonably well. All p-values associated with the step-up 
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approach used, and the coefficient scores for each of the independent variables introduced or 

retained in the multiple linear regression can be found in Table 2.  

 

 

Discussion 
This study aimed to investigate the factors that contribute to the post-match evaluation scores 

of NRL referees, using subjective and objective data collected from an NRL season.  Using a 

step-up approach, a multiple linear regression model was only able to explain 20% of the 

variance in post-match evaluation scores.  The relatively low amount of variance explained by 

this model indicates that the factors in the regression model used in this study fail to capture 

the complexity of subjective referee evaluations.  It is likely that referees are evaluated using a 

multitude of factors, some of which could be difficult to quantify (i.e. psychosocial factors, 

motivation, evaluator expertise, predetermined relationships between evaluator and referee 

etc.). Additionally, while this study measured aspects of refereeing performance that have 

either high face validity (e.g. referee rank) or have been reported to be related to performance 

in previous studies (e.g. decision-making accuracy), it is highly unlikely that these measures 

accurately capture the complex nature of refereeing itself.  Indeed, Mascarenhas et al. (2005c) 

stated that the ‘Cornerstones Performance Model for Refereeing’ provides a useful framework 

for a referee assessment tool.  Of the four cornerstones reported in this framework, the current 

study included quantifiable factors relating to three with the exception of ‘personality and game 

management’, which in Mascarenas’ performance model, included; sub factors of 

communication, body language, presence, integrity, image and self-management. It is likely 

that many of these sub-factors are inherently assessed by the referee evaluators; however, the 

factors included within the analysis of this study fail to validly quantify these components of 

referee performance.   



112 
 

 

Of the 14 measurable variables included in the model, only five variables were found to be 

significant contributors to the variance in evaluations scores: penalty accuracy, referee role 

(head referee vs. assist referee), round of competition, VHSR distance, and referees 

subjectively reported post-game levels of stress. Of those, penalty accuracy revealed the 

highest standardized coefficient (i.e. beta value), showing that penalty accuracy was the most 

important variable in explaining the variance in referee evaluation scores in this sample. This 

finding follows logic as a penalty (i.e. decision to award a penalty) can significantly advantage 

one team (Emmonds, 2015), and thus an incorrect penalty may inadvertently lead to an 

erroneous advantage (points) to one team or the other.  

 

In the current study, normalised and standardized referee evaluation scores increased by 0.451 

± 0.067 units with every unit increase in penalty accuracy.  The average penalty accuracy score 

reported was 81.2 ±11.4%, which shows that referees who received a penalty accuracy score 

of one standard deviation lower or higher than the mean score would have received an average 

evaluation that was 5 evaluation quotient units lower or higher than the sample mean. In 

comparison, Emmonds et al. (2015) reported the penalty accuracy of European Super League 

Referees (n=8) across 148 matches in the 2012 English Super League competition to be 74 ± 

5 % whilst Elsworthy et al. (2014) reported that ‘free-kick’ (penalty) accuracy for Australian-

Rules Football umpires (n=24) across 20 matches to be 84 ± 6%. The present results suggest 

RL referee evaluators place significant weight on penalty accuracy when allocating referees 

with an evaluation score.  

 

However, there are limiting factors to penalty accuracy scores. Factors such as time and score-

line can critically alter the game-importance of a specific penalty decision. For example, one 
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incorrectly awarded penalty at mid-field at the start of a match has the potential to advantage a 

team’s attacking field position with no subsequent effect on the match score. Conversely an 

incorrect penalty that is given near the try line at the end of a close match, may incorrectly 

decide the outcome of the match as teams may score from a penalty (2-points for a penalty 

goal). Therefore, it could be possible for a referee to have an exceedingly high penalty accuracy 

for an entire match yet be penalised for a single incorrect decision that ultimately decides the 

outcome of that match. To account for this match points margin was included as a random 

factor within the current study to potentially capture this, however it was not found to be a 

significant contribute to EQ. Weighing of specific decisions and the potential effect of points 

for or against one team are outside the scope of this current project, but may have significant 

merit in future investigations.  

 

Awarding penalties, however, are not the sole decisions that are required of RL officials. In 

RL, the referee must set the 10-m distance every tackle (~300 times per match).  To achieve 

this, they receive communication from the touch judges (side-line officials) to that assist them 

in identifying off-side defensive players that are within this 10 m. While this measure had 

sufficient face validity to be included in the explanatory models developed in this study, 

identification accuracy of 10 m-infringing players did not explain a significant proportion of 

the variance in referee evaluation score, and therefore its inclusion in the final model was not 

warranted. This is surprising given the apparent importance that is placed on controlling and 

refereeing this aspect of a RL match and as a theoretical ‘game-management’ element. 

Furthermore, due to the uniqueness of the 10-metre rule, being one aspect that is unique to 

rugby league, further investigations into how it is officiated are warranted.  
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In the current study, head referees scored lower than assistant referees by an average of 6.74 ± 

1.52 points. This is an important finding, as head referees are often nominated to this ‘superior’ 

role because of their expertise and experience. Accordingly, it is rational to expect head referees 

to achieve higher evaluation scores. However, the head referee is involved in every decision of 

the match, including every penalty awarded throughout match play, and the increased 

involvement in decisions increases the chances of contributing to an erroneous decision. On 

the other hand, assistant referees are responsible for identifying infringements and 

communicating relevant information regarding such infringement to the head referee. 

Depending on the location of the infringement however, a referee may award a penalty on 

information given by a touch judge, or indeed solely by his/her own judgement. Given the 

significant contribution played by correct penalty decisions on referee evaluations, it is likely 

a higher involvement in penalty calls negatively compromises head referees’ evaluation scores. 

This highlights the extra responsibility placed on the head referee.  Developing methods to 

account for this increased decision-making responsibility warrants further investigation.  

 

The present results show that referee evaluation scores are affected by the phase of the NRL 

season. While it is unlikely that the association between evaluation score and competition 

round is linear, there appears to be a positive association indicating that with every successive 

round, referees are evaluated 0.2 ± 0.1 points higher. In practical terms, this indicates that at 

the end of a 26-round season, referee evaluators rate referees approximately six evaluation 

quotient points higher than in the beginning of the season. This increase in grading may be the 

result of the referees’ ability to adjust to changes in match rules and interpretations. 

Additionally, NRL referees may also exhibit a learning effect throughout the season because 

of increased exposure to the tactics utilised by teams and individual players, which allows them 

to pre-empt certain decisions and more accurate adjudicate on illegal play. However, it should 
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be noted that despite observing a positive association between round and evaluation score, the 

learning associated with increased exposure throughout the season could bias referees via an 

apparent learning effect. Referees may be consciously looking for repeat offenses by certain 

players throughout the season and may unduly pre-empt actions that may not arise due to pre-

priming (Mascarenhas, 2005). Referee coaches should be aware of this priming and reinforce 

a sense of neutrality before matches. As part of the weekly post-match process, it is regular 

practise for all officials to complete video review from their matches and discuss decisions as 

a group. This form of ‘shared mental modelling’ is similar to that conducted by sports officials 

in other football codes (Mascarenhas, 2005) and could reasonably account for this progression 

of evaluation scores throughout the season – with referees and evaluators reaching increasing 

levels coherence and more consistent group consensus via this on what constitutes a correct 

penalty for the current game rule interpretations.  

 

The present results showed that VHSR was the only movement variable included that 

significantly contributed to the referees’ evaluations scores. For every 1-m increase in VSHR 

distance there is 0.1 ± 0.02 units decrease in EQ.  Previous investigations have found that RL 

referees will complete short intermittent bouts of VHSR (total match: head referee = 196 ± 134 

m and assistant referee = 227 ± 133 m, respectively). Previous studies have found no significant 

relationship with high intensity efforts and referee decision accuracy in RL (Emmonds, et al., 

2015), rugby union (Mascarenhas et al., 2009) soccer referees (Weston et. al, 2007) 

respectively. However, Elsworthy et.al, (2014) reported that a high intensity effort 5-s before 

a decision is more likely to produce and erroneous decision in Australian Rules football 

umpires. Emmonds et al., (2015) reported a moderate correlation between referee maximal 

velocities observed during a match and penalty accuracy and speculated that this may mean the 

referees were able to get into better position to view decisions.  However, these previous 
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findings conflict with the current negative association between VHSR distance and referee 

evaluations scores. It is possible that the speed of match play and the addition of the assist 

referee mean that RL referees in the current study can get into position using running velocities 

below the VHSR thresholds. It may also be that referees only elicit VHSR when they 

attempting to recover from incorrect positioning or unexpected instances in match-play (e.g. 

intercept). This very high-speed movement to recover from poor position then may provide 

rationale for the negative association with EQ observed in this study, however this speculation 

would need further investigation. 

 

For the current study, referee subjective stress is a subjective rating provided by the referees, 

within 30-minutes of match completion. In the current model this subjective rating of stress 

was shown to contribute to EQ. For every 1 unit increase in reported Self-reported Stress (20-

point scale) there is a 0.471 ± 0.242 unit decrease in EQ, showing a negative association. 

Stewart et al. (2004) surveyed a random sample (n=498) of collegiate basketball referees using 

an adapted form of the Ontario Soccer Officials Survey (Taylor et al., 1990). From the survey 

containing 30 response variables, four factors (fear of failure, fear of physical harm, time 

pressure, and interpersonal conflict) contributed to 84.7% of the response variance for referee 

‘stress’, with fear of failure being the most significant contributor.  In this survey, the ‘fear of 

failure’ was sub-categorised into the following parameters; making a bad call, having a bad 

game, critical decisions during a game, critical outcomes for either team (match importance), 

maintaining concentration and being in position. It is possible that the referees in the current 

study may also feel game related stress (Stewart et al., 2004), and as such stress should be 

considered an important factor in both performance and subsequent performance for RL 

referees. Although the self-reported stress factor used in the present study did not elaborate on 

mechanisms of stress for RL referees it is a worthy topic for future investigations.  
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In contrast to our initial expectations, several factors included in the current analysis that did 

not significantly contribute to EQ. The most unexpected was referee rank. This observation 

suggests that referee evaluators tend to not have any pre-conceived bias towards a referee’s on-

field performance based on prior reputation or experience. Indeed, this relationship would be 

worth investigation into the performance of Rugby League referees, as Pizzera and Raab (2012) 

found referee experience (years) to predict and be positively correlated with referee 

performance in handball and ice hockey referees respectively. In contrast, the same authors, 

found a negative relationship between experience (years) when predicting soccer referee 

performance although a positive correlation was reported from visual experience (number of 

games watched per week/year) and performance of soccer referees. This would be an important 

consideration for NRL referees. Indeed, a greater understanding of the cognitive mechanisms 

and internal factors that underpin NRL referee performance may provide evidence for current 

training modalities to change. While this analysis was outside the scope of the current study, it 

is recommended that a similar investigation to that of Pizzera and Raab (2012) be conducted 

with the NRL referee cohort.  

 

Referee fitness rank also did not contribute to the variance observed in the EQ. While a certain 

level of fitness is required for referees to ‘keep up with play’, particularly at the elite level, the 

current study shows that referee fitness is not the most critical factor in referee performance. 

This is in agreement with Morris & O’Connor, (2016) where NRL referees ranked physical 

fitness 9th in importance to performance with the top 6 categories being cognitive-perceptual 

factors. Indeed, in Morris & O’Connor’s qualitative survey, decision accuracy was ranked as 

the top ranked performance factor for NRL referees. This finding may also be important for 

referee performance staff and coaches, as it may indicate more efficient allocation of training 
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resources to focus less on physical attributes of referees and higher on perceptual cognitive 

training.  

 

Other random factors included within the model included Home or Away side victory, and 

score margin. These factors were included in the model as previous studies in other codes have 

shown apparent referee biases for home teams (Pettersson-Lidbom and Priks, 2010, Sutter and 

Kocher, 2004) with referee awarding more penalties for the home team. More specifically, in 

the present study, these factors had no significant contribution to the scoring of RL referee 

evaluators. A potential limitation to the current study is the nature of the geographical locations 

of some of the team withing the NRL. The high percentage of teams based in the Sydney region 

can lead to teams ‘sharing’ the larger stadiums as home venues in an attempt to increase fan 

attendance and team revenue, which is also common in Australian Rules football for 

Melbourne based teams (Larkin et al., 2016). Regardless of this fact, due to the ‘home’ team 

having greater member privileges at shared venues, it is common that this team has a higher 

percentage of crowd/fan support at these venues. Therefore the home/away team variable is 

not so much a measure of venue, rather the number of supporting fans that verbally may sway 

the referees decisions (Sutter and Kocher, 2004). 

 

There are several other limitations for this investigation. Most importantly, the model was only 

able to explain 20% of the variance in RL referee evaluations. The current method for 

evaluating NRL referees is yet to be validated, and the subjective nature of evaluation is 

perhaps represented with the low variance prediction in this model. Mascarenhas et al, (2005) 

reported on the low level or agreement with referee evaluators for rugby union, our findings 

support this for RL evaluators. Several the factors used in our model were taken as a single 

assessment (i.e. referee rank and referee fitness) at the beginning of the season. It is likely that 
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both factors would change throughout a season. Referee self-reported stress is a complex factor 

and may have many contributing factors. We did not capture any pre-match stress ratings, so 

this factor may have more significance than reported and is worthy of more detailed 

investigation. Nonetheless, the findings of the current paper may be useful for guiding decision-

making for referee evaluators and coaches.  

 

Conclusions and Practical Applications 

This study aimed to investigate factors that contribute to match performance evaluation scores 

of NRL referees. The factors included in the stepwise regression were only able to account for 

twenty percent of the variance in the EQ scores. This highlights the multi-factorial nature of 

RL referee performance. Of the factors included, penalty accuracy was the most significant 

contributor to referee EQ. None of the physical movement characteristics included in the model 

had positive associations with EQ, with VHSR having a negative association to EQ. This 

suggests that referee coaches and performance staff should evaluate the allocation of resources 

when training NRL referees to focus more on perceptual cognitive training and domain specific 

training rather than traditional fitness or speed training. Referee self-reported stress also had a 

negative association with EQ. NRL Referees could potentially gain from adopting stress coping 

methods to help with on-field performance. Finally, there was an observed positive trend in EQ 

throughout the duration of the competition season. This indicates that referees may have a 

learning effect over time as they adapt to seasonal changes in the laws and interpretations of 

RL matches. Collectively, these findings may have implications for the training and coaching 

of NRL referees. The findings of this study indicate that performance could benefit from a 

focus shift away from the physical preparation of referees to include greater phycological and 

mental skills. Furthermore, the findings may indicate to the coaches themselves what aspects 
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they are assessing when grading and scoring referee on-field performance, and additionally the 

findings suggest that there should be a review of the current evaluation method.  
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Abstract 

Perceptual cognitive skills are fundamental for sports officials. While there is increasing 

research investigating perceptual cognitive skills for sports athletes there is relatively little 

research exploring the nature of expert referee decision-making and the perceptual cognitive 

skills underpinning expert performance. The aim of this paper was to (1) create an ecologically 

valid decision-making assessment for rugby league referees and (2) investigate the gaze 

behaviour of expert referees in comparison to novice – non-referees with high levels of 

declarative knowledge during the decision-making assessment. Video footage captured via 

head-mounted ‘referee-camera’ during elite rugby league matches was collated into decision 

clips. During the assessment participants (experienced referees n=9, and non-referees n=9), 

wore gaze tracking glasses to assess gaze behaviour. Referees scored significantly (t (13.9) = 

5.662, p<0.001) higher for decision accuracy than non-referees (ref = 2.4±0.2 vs. non-referees 

1.7±0.3 points) on a three-point scale. Gaze analysis revealed no significant AOI experience 

interaction effects for: relative glance duration (F(6,11) = 0.497, p=0.582, ES = 0.03); first glance 

duration: (F(6,11) = 0.530, p=0.671, ES = 0.03); or glance count: (F(6,11) = 0.574, p=0.532, ES = 

0.04) on specified areas of interest. Results suggest that rugby league referees can make more 

accurate decisions despite sharing similar visual search strategies to non-referees. The superior 

decision accuracy is likely due to referees’ greater procedural knowledge rather than increased 

perceptual abilities. Referee performance staff should focus on training procedural knowledge 

by implementing targeted, domain-specific training protocols when training perceptual 

cognitive skills.  

 

Key words: sports officials, perceptual-cognitive skill, eye tracking, area of interest fixation, 

declarative knowledge, procedural knowledge.   
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Introduction 

Expertise is defined as the ability to consistently demonstrate superior performance (Janelle and 

Hillman, 2003, Starkes and Allard, 1993). In sport, experts generally outperform non-experts 

in domain-specific physical, perceptual-motor and perceptual-cognitive tasks (Abernethy et al., 

1993, Beilock et al., 2002, Janelle and Hillman, 2003).  Perceptual-cognitive skill refers to 

ability to identify and acquire environmental information for integration with existing 

knowledge so that appropriate responses can be selected and executed (Marteniuk, 1976), or 

the ability to couple relevant information with action, while minimising the processing 

requirement of a task (Araujo et al., 2006). Regardless of its definition, well-developed, 

domain-specific perceptual-cognitive skill appears to be a prerequisite for expertise in sport 

(Mann et al., 2007).  While there have been investigations into perceptual cognitive skills for 

athletes (Mann et al., 2007), only a few studies examined the  perceptual cognitive skills that 

contribute to expert performance of sports officials or referees (MacMahon et al., 2014, Moore 

et al., 2019).  This is particularly surprising given that perceptual cognitive skills may be even 

more important for officials than for athletes (MacMahon et al., 2014). Indeed, referees often 

make many decisions at a fast rate (e.g., three to four per minute in soccer (Helsen and Bultynck, 

2004)) that have the potential to influence match outcomes (Moore et al., 2019). Furthermore, 

referees need to rely on well-developed perceptual abilities and an intricate knowledge about 

the rules of the game to allow them to correctly identify rule violations. Collectively this 

demonstrates that refereeing and match officiating, as a sub-discipline of sporting expertise, is 

heavily reliant on the perceptual-cognitive expertise of its performers. 

 

Independent of the context, expert decision-making requires the processing of task-relevant 

information, while ignoring less relevant information (Williams et al., 1999). This ability for 

experts to extract more task-relevant visual information from their environment can be assessed 
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using a variety of research methodologies such as the use of temporal occlusion (Starkes et al., 

1995), spatial occlusion (Panchuk and Vickers, 2009), or gaze behaviour (Laffer et al., 2019, 

Vaeyens et al., 2007). Many studies have reported on differences in gaze behaviour that 

underpin perceptual-cognitive expertise in sport, where experts generally present fewer 

fixations of a longer (Dicks et al., 2009, Janelle and Hillman, 2003, Mann et al., 2007, Williams 

et al., 1999). This represents the experts’ ability to extract more information from the most 

relevant sources. Despite this, there is no clear consensus on expert visual search behaviour, as 

experts have also been reported to have the tendency to switch more frequently between 

available sources of information (Vaeyens et al., 2007). Nonetheless, due to the limited 

research, such conclusions are yet to be clearly established for visual search behaviour for sports 

officials.  

 

Two studies, Bard et al. (1980) and Pizzera et al. (2018) have investigated the search behaviour 

of monitors – i.e. officials with a high number of visual cues but no interaction with athletes 

(MacMahon and Plessner, 2008). In both studies, experienced and less-experienced gymnastics 

judges displayed no differences in the number or duration of visual fixations, however expert 

judges fixated more on competitor’s upper-bodies when assessing single-gymnast routines 

(Bard et al., 1980, Pizzera et al., 2018). These findings demonstrate that both fixation length 

(as a proxy of the amount of information extracted from a scene) and the gaze location (the 

source in which the most the most task-relevant information is captured) should be used to 

better understand perceptual-cognitive skill of match officials. Interestingly, when assessing 

gaze behaviour of assistant soccer referees while judging if an attacking player was off-side, 

higher- and lower-level referees did not differ in terms of number of fixations, fixation 

durations, or the time spent looking at certain areas of interest (AOI); passer, receiver or off-

side line respectively (Catteeuw et al., 2009a, Schnyder et al., 2017). This discrepancy found 
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between the gaze strategies used by expert gymnastics judges and soccer referees undoubtedly 

reflect that there is likely no ‘one size fits all’ visual search strategy used by monitors across 

different disciplines.  

 

Several studies have been conducted with interactors - i.e. officials who monitor a high number 

of cues and regularly interact with athletes (MacMahon & Plessner, 2008) in ice-hockey, soccer, 

and rugby union. Two of these studies, in soccer and ice-hockey referees, found that higher- 

and lower-level referees did not differ in the number and duration of fixations when making 

decisions (Hancock & Ste-Marie, 2013; Spitz, Put, Wagemans, Williams, & Helsen, 2016). 

However, compared to the lower level soccer referees, the higher-level soccer referees spent 

more time fixating on the body part of the attacking player involved in the infringement during 

open play situations (Spitz et al., 2016). Contrary to other findings, Moore et al. (2019) found 

significant differences in gaze behaviour for higher- lower- and novice rugby union referees 

when ruling on scrum scenarios in a video-based task. The elite group displayed a lower search 

rate characterised by fewer fixations of a longer duration than the trainee (sub-elite) and novice 

groups. In addition, the elite and sub-elite referees fixated more on specific areas of interest 

(i.e., front rows, binds, and contact point), than novices. In line with the information-reduction 

hypothesis (Haider and Frensch, 1999) this result suggests that through experience, referees 

have learnt to optimise the amount of information they process, neglecting task-redundant cues 

and selectively focusing on task-relevant information (Moore et al., 2019).  

 

Despite an abundance of research that investigates the perceptual-cognitive skills of athletes, 

and some research on perceptual-cognitive expertise in sports officials, no research has been 

conducted that examined expert visual search behaviour in rugby league referees. Therefore the 

aim of this investigation is to observe and compare the visual search behaviour and decision 
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accuracy of rugby league referees and non-referees in a video-based decision-making task using 

a video based task It is hypothesised that; 1) referees will have higher decision accuracy than 

the non-referee group, and 2) differences in gaze behaviour will be apparent between the 

referees and the non-referee control group. The findings of this research may have implications 

for training perceptual cognitive skills in rugby league referees and other sports officials.  

 

Participants  

Data were collected from NRL referee performance department after 7 elite, 2 sub-elite and 9 

non-referee participants were tested as. Although small, the sample sizes are similar to 

investigations in gaze behaviour of sports officials (Moore et al., 2019). The elite referee 

participant group (n=7) (36±4 y, 177.3 ± 23.2 cm, 80.5 ± 8.9 kg) were members of the NRL 

professional full-time referee squad with a minimum >1-year experience officiating in NRL 

matches (ave.132.6 ± 89.0 matches). The sub-elite group (n=2) were recruited from the NRL 

part-time (second tier) squad (age: 30.5 ± 4.1 y, body mass: 75.9 ± 2.1 kg, height: 176.8 ± 2.3 

cm). The average match experience of this group was 37 ± 12 games in the National Youth Cup 

(NYC) competition under either the one- or two-referee model. The control group consisted of 

regular spectators of rugby league with no prior history of refereeing. After explanation of the 

test and procedure this group was asked to rate their knowledge of rugby league rules on a 5-

point Likert scale (1= very poor, 2= poor, 3=average, 4=good, 5=very good). To be eligible to 

participate individuals had to have a self-reported ‘good’ or ‘very good’ knowledge of the rules 

of rugby league which resulted in a control group of (n=10) participants.  
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Methods 

Video-Footage 

The NRL referee’s performance department obtained video footage was captured from ‘referee-

cam’ camera (Globecam, Telstra, AUSTRALIA). This camera was a head-mounted (Figure 

6.1) to the assist referee during 38 live NRL competition matches in 2016. This camera view 

was originally installed by trained technicians prior to match commencement and implemented 

for broadcast purposes, however the NRL referee performance department was able to obtain 

footage for referee training purposes. This raw footage was then obtained and cut and coded 

into isolated decisions by a member of the NRL elite performance department, resulting in a 

database of 139 videos. After obtaining ethical clearance the research team were given access 

to the database for analysis (UTS HREC REF NO. ETH19-3853). For control purposes the lead 

researcher and the head referee coach then eliminated clips using criteria including; video 

length and clarity, quality of vantage point or line of sight, type of infraction, and decision 

ambiguity (Moore et al., 2019). Videos were retained when the assist referee position (camera 

position) was situated behind the ruck, less than 5 m (on-field) away from the resulting 

infringement. This was done to limit the amount of camera movement. Two different referee 

coaches independently analysed and decided on the correct decision response, categorisation, 

and subsequent action for each remaining clip (n=37). Where consensus on decision, category 

and subsequent action could not be obtained by the two coaches, a third, (head) referee coach 

would discuss key indicators for or against the decision with both other two coaches. If 

consensus was not obtained the clip was excluded from the study. The final video battery 

consisted of 24 clips. Each clip consisted of at least five seconds of footage prior to the target 

decision to allow the participant enough time to familiarise themselves with the situation 

(Mascarenhas, 2009). Vision was occluded prior to any indicators of the recorded decision of 

the ruling referee in an attempt to its confounding effect (Moore et al., 2019).  
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Figure 6.1 Example of the head-mounted referee camera worn by National Rugby League 
Assist Referees during NRL matches. 
 

Decision response assessment 

When making on-field decisions NRL referees are required to; (1) interject with the use of a 

whistle and gesture, then (2) categorise decision (verbal and gesture), before (3) recommencing 

play with the appropriate ‘re-start’. Therefore the 3-point decision system was utilised to create 

an “in game” perspective to enhance the representativeness of the task, and thus the likelihood 

of revealing expertise differences in decision accuracy and gaze behaviour (Dicks et al., 2009). 

Following the cessation of the video clip, participants were required to verbalise their decision, 

verbally categorise the decision (i.e. declarative knowledge, knowing what to do), and verbally 

state the outcome of the decision (procedural knowledge, i.e. knowing how to do it). Participants 

were given no verbal prompting/priming or contextual information about any of the clips prior 

to testing (Moore et al., 2019). Participants were scored one point for each correct response 

with all 24 clips having a possible 3-point ‘decision’ response score. Following the data 

collection process (24 clips), 10 participants were randomly chosen for a test-rest whereby 10 

videos were shown again, 1-week later, in a different order to determine internal consistency of 
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the test. The intra-class correlation was 0.89 (95% CI, 0.53-0.98) which suggests the videos 

have strong internal consistency levels.  

 

Gaze behaviour measurement 

Gaze behaviour was measured using a SensoMotoric Instruments (SMI; Boston, MA) mobile 

eye tracker. This lightweight (76 g) binocular system uses dark pupil tracking to calculate point 

of gaze and record the visual scene at a temporal resolution of 30 Hz and a spatial resolution of 

0.5°. Gaze was viewed in real time by the researcher using portable device (Samsung Galaxy, 

Note 10) installed with iViewETG software. Participants were connected to the device via a 

1.80musb cable, and the researcher and device were located behind the participant to minimise 

distractions. Two calibration validations were performed: between the familiarisation and test 

sequences. When calibration was deemed inappropriate during one of the validations, a one-

point calibration method was used to re-calibrate. The gaze data was recorded for subsequent 

offline analysis. The task required participants to make decisions regarding possible infractions 

while watching video clips of different recorded segments of play on a 2.10 m (diagonally 

measured) screen television (Samsung Series 8 RU8000 4K Ultra HD LED Smart TV). 

Participants stood 250 cm away from the screen, subtending a 45° visual angle (Figure 1). After 

each video clip, the screen occluded for 10 s while participants verbalised their decision (Moore 

et al., 2019). Prior to each clip, a circle figure would gradually disappear (10 s) to que the 

participant for when the next clip would commence. Prior to testing all participants completed 

a 20-minute familiarisation session which comprised of wearing the SMI tracking glasses and 

watching 20-minute of continuous, miscellaneous ref-cam footage.  
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Figure 6.2. Example test procedure set up for National Rugby League referees decision-making 
and gaze tracking assessment. Note: occlusion screen shown.  
 

Gaze behaviour 

Following the data collection process, all participant gaze files were downloaded and exported 

to the proprietary software (BeGaze 3.7.42 - SMI, Boston, MA) for individual analysis. Three 

gaze measures were assessed for each of the 24 video clips and averaged across infringement 

scenarios: (1) relative glance duration, (2) glance count; and (3) first fixation duration. As the 

videos were dynamic in nature, the lead researcher moved each Area of Interest (AOI) frame 

by frame across all recorded trials for each participant. Relative glance duration was calculated 

by dividing the total number of fixations by the total duration of fixations towards all key 

locations in milliseconds as per the methods by Moore et al. (2019). Glance count was the total 
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number of times that an AOI was fixated on throughout all video clips including revisits. Mean 

glance count was calculated by dividing total AOI glance count for all trials by the number of 

video clips (n=24) (Vaeyens et al., 2007). First glance duration was the amount of time in 

milliseconds (ms) the participant fixated on an AOI during the first fixation on that AOI. First 

glance duration has been used as an indicator of information extraction between novel and 

relevant AOI (Kafkas and Montaldi, 2015). First fixation duration for each AOI across all trials 

was totalled and divided by the number of trials.  

 

Following discussions with the referee head coach, seven AOIs were identified; (1) ball, (2) 

ruck, (3) markers, (4) first defender contact, (5) second defender contact, (6) off-ball players 

and (7) other referee. When the gaze cursor was outside of any of these AOIs, it was deemed to 

be on ‘other’ visual information. A video recording containing each participant’s eye 

movements (via a gaze cursor overlayed on a scene video with a radius of 0.5°) was downloaded 

using specialised software (BeGaze 3.7.42 - SMI, Boston, MA). AOIs were then overlayed on 

the video and analysed frame-by-frame across the entirety of each infringement by the one 

researcher using standardised definitions regarding size, place, and timing of AOI based on 

discussion with the referee head coach.  
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Figure 6.3. Example of areas of interest (AOI) overlayed onto the referee head-mounted camera 
footage, used for gaze behaviour analysis in a video based decision-making assessment for 
rugby league referees. 
 

Statistical analysis 

An independent samples t-test was used to investigate the differences in decision-making score 

between referees and non-referees. The average decision-making score was entered as 

dependent, and experience group (referee or no referee) was entered as an independent variable. 

Mean differences and 95% Confidence Intervals of the mean difference as well as t-values and 

p-values were obtained. To investigate if experience level affected the gaze behaviour of 

participants, three separate repeated measures MANOVAs were used (one for each separate 

independent variable). The independent variables were relative glance duration, first glance 

duration and glance frequency. The AOIs (second contact, ball, contact, markers, off-ball 

players, other referee, and ruck) were entered as a within-subjects factor while experience level 

was entered as a between-subjects factor. Mauchly’s test of sphericity was used to investigate 

the equality of variances at the different levels of the within-subjects factor, and the 

Greenhouse-Geisser correction was reported when the assumption was violated. The 

Ball 

Ruck 

Markers 
Referee 
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significance level was set at p<0.05, and the thresholds for the magnitude of partial eta squared 

effect sizes (ES) were set at 0.01, 0.06, and 0.14 for small, moderate and large effects 

respectively (Cohen, 1988). 

 

Results 

An independent samples t-test revealed that there were significant differences between the mean 

decision-making score of referees and non-referees (t (13.9) = 5.662, p<0.001). With a mean 

maximum possible score of three, referees scored on average (95%CI) 0.7 (0.4-0.9) points 

higher than non-referees (mean ± SD score for referees: 2.4±0.2 points, non-referees 1.7±0.3 

points; Figure 6.4).  

 

 
Figure 6.4. Mean decision-making scores (AU out of 3) for referees (n=9) and non-referee 
(n=9) groups during a first-person, video-based rugby league referee decision-making 
assessment. AU = arbitrary unit. * Denotes significant (p <0.05) difference between participant 
groups.  
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Figure 6.5 shows relative glance duration (%), first glance duration (ms), and glance count (n) 

(mean ± standard deviation) between experienced referees and non-referees on specified AOI.  

Three repeated measures MANOVAs revealed significant and large effects of AOI on relative 

glance duration (F(6,11) = 16.963, p<0.001, ES = 0.52), first glance duration (F(6,11) = 20.285, 

p<0.001, ES = 0.56), and glance count (F(6,11) = 16.410, p<0.001, ES = 0.51). No significant 

AOI*experience interaction effects were revealed (relative glance duration: F(6,11) = 0.497, 

p=0.582, ES = 0.03; first glance duration: F(6,11) = 0.530, p=0.671, ES = 0.03; glance count: 

F(6,11) = 0.574, p=0.532, ES = 0.04). At a univariate analysis level, all participants regardless of 

their experience level, had significantly different relative glance times at all different AOIs. The 

participants glanced for the longest relative amount of time at the markers, followed by the 

ruck, the second contact, the contact, the off-ball players, the ball and finally the referee. The 

longest first glance was on the second contact, followed by equally long first glances on the 

markers and the ruck, the contact, the off-ball players, the ball, and the other referee. Finally, 

participants glanced most frequently at the markers, followed by the ruck, second contact, 

contact, off-ball players, the ball, and the referee (Table 6.1).   
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Table 6.1: Relative glance duration (%), first glance duration, and mean glance count on 
specified areas of interest (Markers, 2nd Defender contact, Ruck, 1st Defender Contact, Ball, 
Off-Ball Players and Referee) during a first person, video-based rugby league referee decision 
assessment. Participants (non-referee n =9, referee n= 9), across (n= 24) video trials. 
 

Area of Interest Group (n=9, n=9) Relative Glance 
Duration (%) 

First Glance 
Duration (ms) 

Mean Glance Count 
(n) 

Markers 
Non-referee  23.47 ± 19.0 218.78 ± 151.7 7.30 ± 6.6 

Referee  28.06 ± 12.7 294.81 ± 82.0 9.95 ± 4.8 

2nd Defender 
Contact 

Non-referee  13.89 ± 9.2 290.44 ± 147.4 4.64 ± 2.8 

Referee  20.50 ± 10.0 292.91 ± 28.1 7.20 ± 3.1 

Ruck 
Non-referee  19.73 ± 13.6 255.04 ± 91.1 2.77 ± 5.7 

Referee  19.39 ± 15.7 276.57 ± 81.0 6.98 ± 5.1 

1st Defender 
Contact 

Non-referee  6.89 ± 8.3 144.76 ± 145.8 2.50 ± 2.91 

Referee  8.22 ± 7.8 150.29 ± 99.3 3.03 ± 2.9 

Off-ball Players  
Non-referee  3.04 ± 2.9 96.51 ± 84.1 1.15 ± 1.1 

Referee  3.82 ± 2.1 119.61 ± 78.1 1.46 ± 0.8 

Ball 
Non-referee  0.98 ± 1.1 127.08 ± 107.7 0.46 ± 0.5 

Referee  1.96 ± 2.1 179.74 ± 82.1 0.87 ± 0.9 

Referee 
Non-referee  0.17 ± 0.2 34.47 ± 53.3 0.20 ± 0.3 

Referee  0.23 ± 0.41 20.36 ± 45.0 0.09 ± 0.2 

 

 

No significant univariate Area of Interest (AOI) experience interaction effects were revealed 

(glance duration: F (6,11) = 0.497, p=0.582).  
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Figure 6.5: Comparison of relative glance duration (%), first glance duration (ms), and glance 
count (n) (mean ± standard deviation) between experienced (NRL) referees (n=9) and non-
referees (n=9) on specified areas of interest (AOI) during a video-based, first-person rugby 
league referee decision-making task. 
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Discussion 

While many studies have examined how sports performers make decisions at a perceptual–

cognitive level (Mann et al., 2007), there are relatively few studies that have investigated sports 

officials or referees (MacMahon et al., 2014). One aim of this study was to determine if there 

were any differences between accuracy scores and gaze behaviour of experienced and non-

experienced referees during a first-person video based decision-making assessment for rugby 

league referees. In agreement with our initial hypothesis, the video-based task was able to 

discriminate between groups, with referees scoring on average 0.7/3.0 points (23.3%) higher 

than non-referees. This finding is similar to previous studies that have demonstrated differences 

in decision accuracy for video based assessments when observing similar sports officials (i.e. 

‘interactors’ officials who monitor a high number of cues and also regularly interact with sports 

performers) - in rugby union (Moore et al., 2019), ice-hockey (Hancock and Ste-Marie, 2013) 

and soccer (Spitz et al., 2016). Taken collectively this shows that the video-based decision task 

used in this study is a valid tool for distinguishing between expertise levels in referees and non-

referees.  

 

A unique aspect of the current study was the use of video footage captured from the perspective 

of the referee (ref-cam) during elite competition (NRL) matches. This approach was used in an 

attempt to maximise the ecological validity of the research design and to overcome the 

limitations of previous studies that have used broadcast or tripod mounted video footage. Mann 

et al. (2007) reported the largest differences for decision accuracy and gaze behaviour were 

reported in in situ studies, followed by video, and static-slides studies, respectively. This 

suggests that there is a greater likelihood of finding an expert advantage when skilled 

participants are asked to perform in ecologically valid tasks. Although a number of the video-

based paradigms have attempted to appropriately capture the essence of expertise during task 
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performance, researchers using video-based tasks have generally asked participants to respond 

in manner that is not representative or have changed the nature of the task such that the expert 

advantage is diminished (Mann et al., 2007). While field studies have demonstrated the greatest 

ability to discriminate experts from non-experts, they also present issues around internal 

validity. Therefore, video-based tasks, with a higher degree of internal, but a lower degree of 

external validity, still provide a viable alternative when the video presented from the 

perspective of the performer. Indeed, the findings of the current study are in-line with Mann et 

al. (2007) who found increasing differences (increasingly larger effect sizes) within expertise 

levels as decision tasks increased in ecological validity.  

 

While two previous studies did find expertise differences decision accuracies for ice-hockey 

and soccer referees (Hancock and Ste-Marie, 2013, Spitz et al., 2016), a recent study found no 

differences in expert and trainee rugby union referees decisions during a rugby scrum 

adjudication task (Moore et al., 2019). One explanation that the authors used was that the sub-

elite group had acquired enough declarative and procedural knowledge from comparatively 

less referee experience to effectively make accurate decisions within the constraints of an 

isolated decision (video) task. Although this was not directly measured within the current study, 

both referees and non-referees were selected for their excellent self-reported knowledge of the 

rules (declarative knowledge). It is likely that similar differences in declarative and procedural 

knowledge between the referees and non-referees produced the differences observed in 

decision score in the current study. Indeed, the non-referee group scored higher that 

hypothesized within the current study. It is possible that the non-referee group had better than 

reported declarative knowledge, given they have a history working in or supporting rugby 

league. We decided to control for only good or very-good declarative knowledge, as any less 

many move the results away from the intended hypothesis test. For example, it is expected that 
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non-referees with poor declarative knowledge would clearly perform poorly on a rugby league 

decision making test and therefore skew the results. Indeed, choosing this group also allowed 

us to greater test the second hypothesis with regards to recoding differences in gaze behaviour. 

Our decision results however, would support conclusions from other researchers suggesting 

refereeing is not isolated to decision-making, but includes other factors such as game 

management, personality and ‘contextual application of the laws’ (Mascarenhas et al., 2005a). 

A recommendation for future investigations would be that a decision-making task should 

clearly delineate between declarative (a knowledge of the rules) and procedural (contextual 

application of the rule) knowledge. In this way, the current methodology and future 

investigations could be used as a valid tool for assessment, training and talent identification for 

developing rugby league referees by identifying where referees lack either declarative or 

procedural knowledge when making decisions within the video-based task.   

 

The second aim of the study was to observe if referees use different visual search behaviour 

when making decisions than non-referees. Expert decision-making requires the processing of 

task-relevant information, while ignoring less relevant information (Williams et al., 1999). As 

a result, understanding which information referees attend to when they make decisions is 

crucial in understanding the perceptual-cognitive demands of match officiating in the NRL. 

Previous studies have identified similar gaze patterns for elite and sub-elite referees (Catteeuw 

et al., 2009a, Hancock and Ste-Marie, 2013, Spitz et al., 2016), but different gaze patterns for 

novice referees (Moore et al., 2019). These findings in studies using match officials corroborate 

those observed in studies using athletes, with expert and novice athletes exhibiting different 

gaze behaviour (Laffer et al., 2019, Mann et al., 2007, Starkes et al., 1995, Vaeyens et al., 

2007). However, in contrast to previous research, and our hypothesis, the current study found 

no significant differences between referees and non-referees for any of the measured gaze 
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behaviours; relative glance duration, first glance duration or glance count during the decision 

task. These findings would seem to contradict the information-reduction hypothesis (Haider & 

Frensch, 1999), which suggests that elite referees optimise the amount of information they 

process by neglecting task-redundant cues and selectively focusing on task-relevant 

information. While speculative, the findings in the present study could imply that, although 

utilising the same search strategies and visual ques, through experience, the referees interpret 

or categorise visual information better to make more accurate decisions. Indeed the manner in 

which the information is processed and evaluated is at least as important as the way in which 

it is extracted from the display (Abernethy, 1991). Therefore, the results that are observed are 

likely a result of superior procedural knowledge rather than elevated perceptual abilities. As 

such, the present data has practical importance for training rugby league referees as these 

findings suggest that an emphasis on developing referees’ information processing abilities 

could be a worthwhile strategy to prepare them for the decision-making demands of match 

officiating in the NRL.  

 

In the present study, both groups demonstrated a similar relative glance duration suggesting 

that the referees and non-referees spent the same amount of time observing the specified AOI. 

The time spent gazing at a particular information source has been identified as a measure of 

the amount of information derived from a specified AOI (Abernethy, 1991). The most viewed 

AOI, irrespective of experience, were the markers, followed by second defender, ruck, first 

defender and off-ball players, the ball and finally the other referee. This suggests that the 

referees and non-referees did not differ in terms of gaze strategy when accruing visual stimulus 

during the decision task despite the differences in decision accuracy, and that both groups 

obtained most of the information that underpinned their decisions from the markers in the video 

display. Interestingly, Moore et al. (2019) found that visual search rate did not significantly 
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predict decision-making accuracy and only accounted for 7% of variance (equating to a small 

to very small effect size) implying that visual search might not underpin decision-making 

proficiency. Although similar conclusions could be drawn from the current study, further 

analysis is required.  

 

Collectively, the findings of the current study suggest that rugby league referees can make more 

accurate decisions despite sharing similar visual search strategies to non-referees with high 

levels of declarative knowledge. It is likely that referees were able to interpret or categorise 

visual information in a manner that effects more accurate decisions because of being exposed 

to refereeing in matches. This highlights the difference between knowing and applying the rules 

of rugby league.   

 

The results of the current study need to be interpreted considering its limitations. Although the 

procedures used in this study included a 20-minute familiarisation process, the ‘shaky’ nature 

of ref-cam footage may have caused some disorientation to some participants compared to real-

life in-situ settings, which may have affected the participants’ natural gaze strategy. We 

included two sub-elite referees with the ‘experienced referee’ group. Including these officials 

with the more experienced referees may have skewed results given there are mixed results 

when examining gaze behaviours within expertise levels of referees (Hancock and Ste-Marie, 

2013, Moore et al., 2019, Spitz et al., 2016), indeed further research is warranted into gaze 

behaviour of rugby league officials of differing expertise. Finally, to control the video clips, 

we only included footage shot behind the ruck in the typical assist referee position. It is possible 

that head referees who are less exposed to this vantage point may also have different search 

strategies to referees that are more often in the assist role. Indeed, referee role and gaze 



146 
 

behaviour would be a worthy topic for investigation as role was not included a variable within 

the current research.  

 

Conclusions and Practical Applications 

This is the first study to assess decision accuracy and gaze behaviour in rugby league referees 

using an ecologically valid decision-making task. While this study revealed that rugby league 

referees outperform a control group with considerable declarative knowledge in a video-based 

decision-making task, no differences in visual search behaviour were observed. These findings 

may indicate that referees’ decision-making performance is a result of their ability to apply the 

rules of Rugby League to a specific context, given that their ability to obtain perceptual 

information does not appear to differ from non-referees. Referee coaches and performance staff 

could use the results from this study to focus referees’ decision-making training on improving 

their ability to apply the rules (procedural knowledge) using representative practice design.  
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Main Findings 

This thesis aimed to provide a preliminary multidisciplinary investigation into professional 

rugby league referee performance in the Australian National Rugby League. The thesis, in 

general, displays high ecological validity as the studies were each conducted with the entire 

population of elite rugby league referees in Australia. From the outset it was apparent that the 

proposed investigations would need to be multidisciplinary i.e. a combination of physiological 

and psychological, due to the multi-factorial nature of (then) unknown issues faced by the NRL 

referee elite squad and also the lack of comprehensive preliminary investigations into this 

population. The structure of this thesis is centred on the conceptual model for rugby union 

referee performance proposed by (Mascarenhas et al., 2005b) (Figure 7.1) which similarly 

accounts for the cornerstones of rugby league referee performance. 

 

 
 
Figure 7.1: Adaptation of the ‘cornerstones model of refereeing performance’.(Mascarenhas 
et al., 2005b). With corresponding study focus within the thesis.  
 

Figure 7.1 indicates the structure of the approach taken by the research team in the design of 

the thesis and the outcomes of each study. With the lack of a binary outcome for referee 

performance i.e. win or lose, and the subjective nature of referee performance evaluation we 

attempted to focus the first studies on the readily quantifiable aspects of referee performance. 
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Therefore, the initial focus of the thesis was on the movement demands of refereeing at the 

elite level and investigation into what extent contextual factors change these movement 

demands (Studies One and Two) using retrospectively captured GPS data. The outcomes of 

these studies are in direct contradiction to previous studies on a similar cohort which showed 

no differences in movement requirements for each of the referee roles. There a number of 

potential reasons for the observed differences in our study, including, larger sample sizes used 

in the present thesis, higher sampling rates of the GPS units, but most likely we attribute to the 

findings to the evolution of the 2-referee model with increased referee role specification. These 

findings suggest that the assist and head referees spend a greater period of a match in their 

specific roles (without changing), and therefore the subsequent data reflects the observed 

(different) movement patterns when compared to previous studies.  

 

The second focus of the thesis was to understand what factors contributed to the evaluation 

process used by the NRL referee’s department (Study Three). Of the fourteen quantifiable 

metrics used in the model only five were attributed to the observed variance, with the model 

only able to account for twenty per cent of the variance. This is the first known study to 

investigate referee performance models using linear regression of measurable performance 

factors. Furthermore, it highlights the multi-factorial nature of referee performance and the 

need for a more valid measure of referee performance evaluation.  

 

Finally, Study Four aimed to create a novel, ecologically valid rugby league decision-making 

assessment. This was done by utilising video footage captured in elite NRL matches from the 

referees’ on-field point of view (via a head-mounted camera). Although the referees performed 

better at the decision task, there were no differences in gaze behaviour during the testing. Like 

studies One and Two, these findings opposed published literature with regards to the gaze 
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behaviour of novice and experts. These findings suggest that referee performance staff and 

coaches could place more emphasis on training procedural knowledge or declarative 

knowledge and procedural knowledge of referees rather than simply declarative knowledge or 

perceptual abilities, respectively.  

 

Collectively, the studies provide a framework for future research into the performance, training, 

and evaluation of elite rugby league referees. The methods used within this thesis could be 

adapted for future investigations to examine a wide-range of domain-specific effects and 

practical interventions for improving referee performance.   

 

Contribution of Thesis  

Research investigating the performance factors for rugby league referees is scarce. 

Performance of rugby league referees involves a complex interplay of many factors, including 

but not limited to; movement demands, contextual factors including on-field role (head vs. 

assist referee), referee fitness and match experience. A greater understanding of the relationship 

between these factors and how they affect referee performance will inevitably help referee 

coaches and performance staff with the physical preparation of referees for matches.  In 

addition, evaluation of referee on-field performance is highly subjective in nature, with little 

known about measurable performance indicators for rugby league referees. Refining the 

evaluation process will assist in highlighting areas of improvement for referees while 

acknowledging successful aspects of on-field performance. Lastly, there was a need for a 

reproducible, ecologically valid decision-making assessment for rugby league referees. This 

assessment could serve as a training tool as well being applied to talent identification and 

referee recruitment. The decision task served as a platform to assess referee gaze behaviour 
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compared to non-referees to determine if expert referees employ different gaze strategies to 

elicit more accurate decisions. Below is a summary of the main findings for the current research 

thesis investigation performance factors for training, evaluation, and performance of 

professional rugby league referees in the Australian National Rugby League. 
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Study 1: 

 

COMPARISON OF THE RUNNING DEMANDS OF AUSTRALIAN NATIONAL 

RUGBY LEAGUE REFEREES UNDER THE '2-REFEREE MODEL' 

Previous studies detailing the physical and physiological demands of NRL referees under the 

two-referee model have found no difference between the two on-field roles (head vs. assist 

referee). The findings of Study 1 (chapter 3) are the first to document differences in the physical 

requirements of the different on-field roles from GPS and heart rate data. Specifically, the assist 

referee displayed higher, total running distance, high-speed running distance, very high-speed 

running distance, and higher observed heart rate during matches. This suggests that changes in 

the refereeing model since 2013, (compared to previous investigations) and adaptions to rules 

and interpretations of the rugby league have changed the specific physiological requirements 

for the different roles. Indeed, this may require development of specific individualised training 

for the separate on-field roles. These findings are in direct contrast to previous literature which 

found no differentiation between the movement requirements of the referees. Indeed, similar 

descriptive studies may have to be on-going as it is likely that as the ever-changing 

modifications to rules and coaching methodology of referees are altered, the required 

movement demands are consequently altered. Therefore, a suggestion would be to code for 

competition year in a longitudinal study to examine how changes in rule effect the running 

demands of referees. Additionally, coding the specific movement patterns of each role would 

be of practical interest. Due to the nature of the head referee anecdotally running greater 

distances backwards, concise evidence would inform performance staff about how to better 

prepare referees for their upcoming appointments, particularly if their roles are swapping from 

their usual role. Furthermore, under the two-referee model, the referees are required to 
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‘transition’ or swap positions so that the lead referee is in control of the defensive team for 

most of the match. Coding for number of times this occurs could also be of interest for strength 

and conditioning staff as it is an incredibly unique movement pattern.  Nevertheless, the 

findings of the study give evidence to specification of the current referee roles that refutes 

previous research.  

 

Study 2: 

 

CONTEXTUAL FACTORS AFFECTING RUNNING DEMANDS OF AUSTRALIAN 

NATIONAL RUGBY LEAGUE REFEREES IN THE '2-REFEREE MODEL' 

Building on the referee movement demands described in Study 1, which highlighted 

differences in the movement demands of the two on-field roles, Study 2 (chapter 4) utilised 

regression analysis to examine the effects of contextual factors which may affect referee 

running demands. Regression analysis were used to negate a year to year effects that may be a 

limitation in study 1. Indeed, modelling for the included variables gives an overall picture of 

how the fitness and experience effect change the running demands of the referees separate to 

referee on-field role. 

 

Indeed referee role (head vs assist) was found to be a factor in explaining variance for running 

profiles. In addition, referee fitness and match half contributed to observed variance in referee 

movement while despite having small negative correlations to sprint and relative match 

distance, referee experience did not have any significant effect on predicting relative total 

distance or relative high speed running in the regression models. Referees with higher cardio-

vascular fitness tended to display higher movement parameters across the range of velocity 

bands measured, whereas more experienced referees tended to display less movement 
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parameters. Findings highlight role specific requirements of NRL referees while identifying 

the importance of cardio-vascular fitness for NRL referees.  

 

It appears that more experienced referees tend to run less during matches, which suggests with 

match- experience, referees obtain a greater ‘game-sense’ or ‘game-awareness’ that may allow 

the referee to better position themselves in play. These results agree with similar findings on 

soccer referees (Castagna et al., 2007, Krustrup and Bangsbo, 2001, Weston et al., 2006, 

Weston et al., 2010). While the distance away from the ball or distance away from penalties 

where not examined in study 2, they would be important data to include in future research. We 

would hypothesise that like age/experience studies in other team sports, there would-be age-

related effects differences for these performance measurements.  

 

The findings add further evidence for the development of role specific training programs and 

highlight the potential implications that match-experience may have on in-match positional 

awareness the running economy for NRL referees. Additionally, experienced referees could be 

utilised in both field-based and video-based sessions as additional coaches. The more 

experienced referees could share insight into when, where, and how to move during specific 

moments of gameplay. While there is no current age ceiling on NRL referees, these findings 

indicate that there is little need for such an age restriction, given the more experienced referees 

were not caught-out from a decision perspective.  
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Study 3 

 

FACTORS AFFECTING NATIONAL RUGBY LEAGUE REFEREES’ PERFORMANCE 

EVALUATIONS  

 

Study 1 and study 2 primarily focused on the physical demands of rugby league officiating. 

While these studies highlighted previously unknown information regarding the movement 

profiles of the referees under the two referee model, it is evident from other research that 

physical performance, while highly regarded by referee coaching staff, is of low importance to 

the referees themselves (Kittel et al., 2019, Morris and O'Connor, 2017). Further to this, and 

in-line with our multidisciplinary thesis structure, we decided to examine the current referee 

evaluation metric, and of the obtainable quantifiable data, see what the coaches are actually 

assessing when grading the referees on-field performance. 

 

There are many factors which contribute to performance of sports officials including rugby 

league referees in the Australian National Rugby League. Indeed, the complex mix of 

performance indicators may include subjective and non-quantifiable factors. Study three 

utilised step-wise regression to examine quantifiable variable including: Referees rank, 

experience, fitness, Referee subjective self-reported; stress mental difficulty and time-pressure, 

Referees decisions; penalty accuracy and 10-m offside management, match running demands, 

as well as contextual factors including match score, home or away team win and time of year. 

The stepwise model was only able to explain 20% of the variance observed in the current NRL 

referee evaluation scores. Furthermore, of 14 factors included in the analysis only 5 were found 

to significantly contribute to the observed variance. The most important predictor of evaluation 

score was penalty accuracy (beta (standardized) coefficient = 0.4) followed by referee role (-
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0.2), round (time of year) (0.1), very high-speed running distance (-0.1) and stress (-0.1). The 

low prediction power of the model suggests there is a low level of agreement in referee 

evaluator’s subjective ratings of performance and highlights the contribution of non-

quantifiable factors in referee performance.  

 

The present results showed that only 20% performance variance identified via the current 

system, which raised serious doubt regarding the validity of the system. Given the importance 

of penalty accuracy, it would perhaps be more advantageous to simply score the referees on 

this value alone. Again, this has been documented in the literature with the referees themselves 

identifying their decision-making – penalty accuracy, as the most important factor for 

successful performance. From a practical sense, given the apparent importance of penalty 

accuracy, ecological decision- making training should be incorporated into deliberate practise 

for NRL referees. Indeed, the majority of NRL referee preparation to date, is focussed primarily 

on physical preparation and recovery. The present findings interpreted in the context of similar 

findings on other sports officials, suggest that referee preparation practices should increase its 

focus to also include psychological and cognitive training and increased holistic recovery 

activities.  

 

Study 4 

 

ASSESSING RUGBY LEAGUE REFEREE DECISION-MAKING AND GAZE 

BEHAVIOUR IN AN ECOLOGICALLY VALID VIDEO-BASED TEST 

 

Following the findings of Study 3 which highlighted both the importance of penalty accuracy 

for rugby league referees, but also the need for a valid, reliable decision-making assessment 
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tool for referees, Study 4 aimed to create an ecologically valid assessment for rugby league 

referee decision-making. The study utilised video footage captured form the top tier 

competition from the referees’ on-field vantage point to create a database of decision clips. The 

test showed internal consistency levels - Inter-class coefficient = 0.89 (95% CI, 0.53-0.98), 

suggesting strong internal reliability. Additionally the video based assessment found 

significant differences between the mean decision-making score of referees (n=9) and non-

referees (n=9) (t (13.9) = 5.662, p<0.001) (mean ± SD score for referees: 2.4±0.2 points, non-

referees 1.7±0.3 points). The second aim of this study was to assess gaze behaviour of the 

participant groups during the decision-making assessment. Despite the difference in decision 

accuracy, no significant differences were observed for relative glance duration, glance count 

or first glance duration on specific areas of interest. These findings may indicate that referees’ 

decision-making performance is a result of their ability to apply the rules of rugby league to a 

specific context, given that their ability to obtain perceptual information does not differ from 

non-referees with strong knowledge of the rules. Referee training should focus on enhancing 

procedural knowledge of younger referees. Furthermore, the assessment task created in study 

4 could provide a valid, reliable tool for assessing factors affecting rugby league referee 

specific decision making for a variety of future investigations. Indeed given the low levels of 

agreement reported on in Australian rules football coaches (Kittel et al., 2017), NRL referee 

coaches could also potentially benefit from utilising the, higher validity, first person footage to 

justify referee decisions. Additionally, for those younger referees that have not experienced 

this level of competition and or this position on-field (ARef), the database collated could 

provide some preliminary exposure to this level of refereeing. Indeed, Larkin et al. (2018) 

showed that video based training can improve Australian Rules umpire decision accuracy, and 

particularly in less experienced referees. It is reasonable then to assume this transfer would also 

be applicable in a rugby league setting. Furthermore, to-date, the only deliberate practise the 
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referees use is sub-standard simulation, whereby the referees themselves act as players. Not 

only does this not replicate the speed or timing of the elite competition, but inevitably incurs 

and injury risk to the referees. The database collated can potentially form a modality of 

deliberate practise that negates the injury risk associated with physically simulating matches.  

 

Limitations 

This thesis has adopted an observational approach to physical and technical performance data 

to study factors relating to match performance in professional rugby league referees. There are 

several limitations arising from the applied nature of the research studies comprising this thesis 

that need to be acknowledged. Firstly, the data used for Study One, Study Two, and Study 

Three utilised retrospective GPS data from the 2013-2015 NRL seasons. Indeed, it is possible 

that the demands may have changed regarding descriptive statistics, however it is likely that 

the conclusions (regression analysis) of these studies remain relevant to contemporary referee 

match running performance. Indeed describing the comparative demands of the on-field roles 

and the contributing factors to the observed defines may be more prevalent with increased 

specification of the referee roles, with more professional referees than ever being assigned a 

single role (career assist referee).  

 

The use of GPS technology to obtain time-motion profiles is common in rugby league 

investigations. Current GPS devices provide acceptable validity and reliability for measuring 

movements over long distances at low speeds, however, they are less precise when assessing 

short, high speed activities and rapid changes in direction (Petersen et. al., 2009; Waldron et. 

al., 2011). The technical error of GPS devices when measuring physical performance profiles 

is a limitation given the importance of these actions in rugby league. 
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Study Four had several limitations which were mentioned in Chapter 7. The use of video 

footage, particularly footage collected form a head mounted camera as well as Gaze tracking 

glasses have inherent limitations. To overcome these limitations, we set strict control 

parameters around video clips, clip-decision ambiguity, as well as excluding data that was 

processed by the proprietary software due to hardware calibration issues. While this resulted 

in fewer participant numbers than expected, the sample size for this study is comparable to 

similar gaze behaviour investigations into athletes (Mann et.al., 2007; Moore et. al., 2019).  

 

Practical Applications  

The studies contained in this thesis have provided some practical applications for the physical 

and perceptual cognitive training of NRL referees.  

• Study One indicates that assist referees in the NRL coopetition show higher movement 

demands for total distance, high-speed running meters, very high-speed running metres 

and match speed. Physical performance coaches should be aware of the differences in 

physical requirements of each role (head vs. assist) and condition referees according to 

their appointed role. Specifically, the findings suggest that assist referees will elicit 

higher external and internal loads during matches and training periodisation should be 

applied according, particularly when typical ‘head referees’ are moving from head to 

assist referee roles.  

• Research is warranted into investigating the lower observed running demands during 

the second half of matches, to examine the extent to which referee or player fatigue 

contributes to this lower observed running output. Findings may allow for increased 

efficacy of recovery protocol s at half-time or indeed over-all training programs to 

accommodate for second half fatigue. 
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• Study Two outlines contextual factors that affect the running requirements of the two 

on-field referees. Role (head vs assist) had a significant effect, with the assist referee 

typically running more for measured speed zones, adding further support to the findings 

of Study One. Furthermore, referees who displayed higher levels of cardio-vascular 

fitness, tended to display higher running demands during matches. This suggests that 

high levels of cardiovascular fitness are required for referees to be able to position 

themselves with match-play. This may provide evidence for the development of new 

referee conditioning programs to be implements both pre- and in- NRL competition 

seasons.  

• Referee experience (number of matches) had a negative association with observed 

running demands. In-line with research on sports officials in other football codes, it 

suggests that with experience the referees can better anticipate required movement 

demands, allowing them to obtain better positioning and ‘game awareness’. Coaches 

should utilise experienced referees when coaching more junior referees with regards to 

positioning.  

• The current referee evaluation process needs to be refined to have more internal 

validity. Despite the high face validity of the measured variables, the factors included 

in the analysis could only explain 20 per cent of the variance in evaluation score. 

Although the referees do not have a clear win or loss per se, a more valid and reliable 

measure of performance is warranted to track referee performance.  

• Of the factors included in the regression analysis in Study Three, penalty accuracy 

contributed most to the variance between evaluation scores. Referee training and 

evaluation should include detailed analysis of incorrect penalties and the on-filed 

processes that lead to the incorrect decision.  
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• The decision-making assessment utilised in Study Four showed high internal reliability 

and was able to distinguish between referees and non-referees. Performance staff and 

coaches could continue to build on the database of footage and use the database for 

training and talent identification of current and future referees.  

• Although the gaze behaviour analysis did not pick up any differences in gaze behaviour 

of referee and non-referees, further analysis is warranted into the gaze behaviour of 

rugby league referees. Future investigations should aim at maximising participant 

numbers to increase the power of statistical analysis. A sub-elite group could also be 

included along with interventions such as induced fatigue for decision accuracy and 

gaze behaviour. 

 

Future Directions 

• In addition to the observed differences in total running metrics, research is warranted 

into the movement types of each role. Anecdotally, it is expected that head referees, by 

nature of the role will exhibit greater backwards running demands, however this needs 

investigation. These findings will add further evidence for the specificity of referee 

training for the referees’ appointed role.  

• Further analysis, such as mixed modelling, should be undertaken to examine individual 

effects of referee fitness and match experience. 

• Multivariate analysis of the contextual factors involved in referee performance may 

provide greater insight to relevant performance indicators for NRL referees. 
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• In addition to the direct recommendations of this thesis, future research is warranted 

with regards to referee: preparation, recovery, and performance, like team sports, 

including. 

o Training load and injury 

o Mental practise and mental skills  

o Recovery and sleep – effects on perceived stress 

o Communication networks, how referees communicate to achieve best decisions 

o Talent identification in junior referee ranks 

 
• The findings of this thesis, along with previous research have highlighted the 

importance of understanding the high amount of psychological skill involved in sports 

officiating. Further psychological research should be undertaken to more greatly 

understand how improvements can be made such as referee stress, coping, mental and 

perceptual cognitive deliberate practise.  
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CHAPTER 8:  
 

 
Summary  
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Summary 

Prior to the present thesis, relatively little research has been undertaken with elite rugby league 

referees compared to other team sports such as Australian Rules, soccer, and rugby union. 

There was a clear lack of sport science research and knowledge about the performance 

requirements of NRL referees. Given the multifactorial nature of referee performance, the 

structure of this thesis aimed to provide preliminary research platforms in a range of disciplines, 

including, physical, physiological, evaluation methods, and perceptual-cognitive.  

 

This thesis contains four original research investigations (chapter 4 to chapter 7) that 

developed preliminary frameworks for investigations into aspects of performance for Rugby 

League Referees in the NRL. A summary of the main findings can be found in Table 8.1.  

 

The first study compared the in-match running demands of the two referee roles under the 

currently used 2-Referee Model (contemporary physical performance). Previous literature 

stated that there was no difference between the running demands of the two on-field roles. The 

present results showed differences in the physical activity demands of the HRef and the ARef, 

with the ARef having comparatively higher match running demands than the HRef.  These 

results provide new evidence that can be used to assist physical preparation coaches with 

training programs to increase referee performance now that the physical requirements for each 

role are better understood.  
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Table 8.1: Summary of studies conducted as part of this thesis.  

Chapter Title Participants Files Variables Main Findings 

4 

Comparison of the 
running demands of 
Australian National 
Rugby League referees 
under the '2-referee 
model' 

n=18 fulltime NRL 
referees (2013-
2014 seasons)  

n=628 GPS 
(15Hz)  

Speed-based distance Assist referees exhibited higher match -; total distance, 
total high-speed running, total very high-speed 
running, and higher HR%max compared to head 
referees 

5 

Contextual factors 
affecting running 
demands of Australian 
National Rugby 
League referees in the 
'2-referee model' 

n=18 fulltime NRL 
referees (2013-
2014 seasons) 

n=628 GPS 
(15Hz)  

Speed-based distance Referee fitness had moderate positive correlations to; 
sprint, very high-speed running, and high-speed 
running, whilst having a moderate negative correlation 
with HR%max. Moderate negative correlations were 
observed between referee experience and number of 
accelerations. Small negative correlations were also 
observed for experience and total distance.  

6 

Factors affecting 
National Rugby 
League referees’ 
performance 
evaluations 

n=19 fulltime NRL 
referees (2015 
season) 

n=294 referee 
post-match 
evaluations 
n=14 levels of 
contextual 
factors 

Evaluation Score 
On-Field Role, Preseason 
Rank (n=2), Referee 
Subjective Scores (n=3), 
Game Decision Accuracy 
(n=2), Match Running 
Demands (n=3), Random 
Factors (n=3) 

Of the 14 variables included in a stepwise linear 
regression model, only 5 variables contributed to the 
variance (20%) observed in post-match evaluation: 
penalty accuracy, role, round, VHSR (-ve), Self-
reported stress (-ve). Findings help referee evaluators 
and coaches better understand key performance 
indicators for referee on-field performance.  

7 

Assessing rugby league 
referee decision-
making and gaze 
behaviour in an 
ecologically valid 
video-based test 

n=9 fulltime NRL 
referees, n=9 non-
referees 

n=423 video 
files 

Decision score (n=3) 
response, reason, sub-
sequent action.  
Glance count, first glance 
duration and relative glance 
duration 

Referees outperformed the non-referees in the 
decision-making task (ref = 2.4±0.2 vs. non-referees 
1.7±0.3 points). Despite differences in decision score, 
there were no observed differences in gaze behaviour 
between the participant groups. It is possible 
experienced referees possess higher procedural 
knowledge of the rules of rugby league rather than 
increased perceptual abilities. 

NRL = National Rugby League, GPS = Global Positioning Systems, HR%max = percentage of maximum heart rate. 
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The second study built on findings of the first study and identified the effects of contextual 

factors including referee role, fitness and match experience on in-match running demands 

(modelling to provide insight into longitudinal physical performance). As it was hypothesised 

that constant, season to season, changes to the game rules and how the game is officiated, a 

regression analysis was used to understand how important factors such as referee fitness and 

referee experience effect how much physical running is completed by the referees. The findings 

of this study were applied to obtain a greater understanding of how these factors influence 

referee running performance may fluctuate in accordance to the contextual factors. By 

understanding these previously anecdotal relationships, referee performance staff have 

evidence to inform training and recovery programs for the wide range of referee experience 

and fitness levels within the elite squad. 

 

The third study investigated which factors contribute to referee post-match evaluations. It was 

concerning that the current referee evaluation system was being applied without any validation. 

Indeed, referees were ranked seasonally depending on this score, and referee contracts were 

influenced by these results. Given the previous two studies focussed purely on the physical 

components of refereeing, and several studies have pointed to physical components being of 

relatively low importance to referee performance, there was a clear practical need to examine 

what the referee evaluation system was measuring. The results showed that of the 17 

measurable variables used in the model, only 5 contributed to referee evaluation score. The 

main factor that contributed to the evaluation score was referee decision making (i.e. penalty 

accuracy). Interestingly, the only physical factor that affected the score was very high-speed 

running, which had a negative association with referee performance. The model also 

highlighted the negative effect of stress on referee performance. Collectively, these factors 
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provide evidence for the multifactorial nature of referee performance as alluded to by previous 

qualitative (survey) research.  Of concern, however, was that the current evaluation method 

was only able to explain 20% variance in referee performance, demonstrated urgent need for 

review. Further, given the importance of referee decision making, there was a clear need to 

create and assess a referee specific decision-making assessment.  

 

The fourth study used representative design to create an ecologically-valid decision-making 

assessment and compared gaze behaviour of referee and non-referees during the decision-

making assessment. Given the impetus placed on decision making (i.e. penalty accuracy), there 

was a clear need for a controlled assessment to test and compare referee decision making under 

controlled conditions. Prior to this study, to practice their decision making, the referees would 

simulate match environment using other members of the referee squad, with far lower physical 

attributes and skill levels compared to players. This created a practise environment which had 

little resemblance to elite rugby league.  

 

The video collated for this assessment was, unlike previous representative studies, was 

obtained using referee head-mounted, first person vision, captured during actual NRL elite 

competition matches.  This was a unique aspect of this research, providing arguably the greatest 

ecological validity possible for a controlled test. The results showed that the elite referees 

outperformed a control group of non-referees which established construct validity for the test. 

During the test, the team also utilised eye tracking technology to assess gaze behaviours during 

the assessment. In conflict to the hypothesis, while demonstrating greater decision-making 

ability than the control group, the referees and the control group showed no differences in gaze 

search behaviour for any of the 3 parameters assessed. This is a unique finding, as most gaze 

research indicates and experience effect differences between experienced and novice 
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participants. That is, that experienced participants, via a learning effect, adopt a more efficient 

visual search pattern when searching for visual cues when making a decision. This suggests 

that rugby league referee expertise is a function of procedural knowledge (how and when to 

apply a rule) rather than declarative knowledge (what is the rule). It also lends evidence to the 

theory that rugby league expertise requires more than simply adjudicating on isolated decisions, 

rather that there in a complex interplay of overall “game management’, involving many 

perceptual-cognitive constructs. These findings suggest that referee training should be 

comprised of procedural knowledge tasks, rather than just perceptual tasks. The database of 

clips can also be retained to test-retest several future research questions, such as the effects of 

physical or mental fatigue on referee decision making. And may also be a valuable training or 

talent identification tool for young referees.   

 

Other than the results, discussion and practical application conveyed in each of these unique 

studies conducted in the thesis, we have now provided a wide platform for future targeted 

research in this cohort. Future researchers can build and elaborate on the methodology used 

throughout all four studies to examine more in-depth questions that may be of benefit to the 

overarching goal of improving NRL referee performance.   
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Appendix A - Referee evaluation template 2014 

Teams v Game Coding: 

Date Venue         KEY: GAME KEY: DECISION-MAKING PTS 

Referee Assist Ref HOB Hand on ball LOG I/C Application of Laws of Game -10

Touch Judge 1 Touch Judge 2 LP/FP Leg pull/flop RLP I/C Ruling leading to points -10

Technical VR 

TVR 

F’ball VR 

FTR 

SL Slow RLFA I/C Ruling Requiring further action  -10

Match Day Coach Evaluator C/K Crowd/knees in R I/C Ruling (General) -2

Pen (1st half) Pen (2nd half) M Markers NI I/C No or I/C supply of Info – I/C decision -2

Sin Bin On report #1 10M 10 metres NI C No or I/C supply of Info - C  decision -1

On report #2 On report #3 C Communication SD Supported decision – inconclusive vision 0 

On report #4 Send Offs P Positioning EFFORT AREAS PTS 

G General  C Communication +2

TJ Touch Judges TW Teamwork +2

VR Video referee P Positioning +2

A3P Appropriate Application of 3 Pillars +2
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Disputed Decisions: 

TIME KEY 

(G) 

KEY 

(DM) 

R AR TJ 1 TJ2 INCIDENT REASON RESULT 

DECISION-MAKING EVALUATION: 
No of Points  Referee Assist Referee Touch Judge 1 Touch Judge 2 

100 
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COMPLIANCE 
Ruck: 
No of PTB’s  Referee Assist Referee Touch Judge 1 Touch Judge 2 

Percentages % 

10 Metres: 
No of PTB’s  Referee Assist Referee Touch Judge 1 Touch Judge 2 

No ID 

Percentage % 

Actioned 

Percentage % 
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EFFORT AREAS EVALUATION: 
Area Referee Assist Referee Touch Judge 1 Touch Judge 2 

Communication 

Teamwork 

Positioning 

App of 3 Pillars 

TOTAL TEAM SCORES: 

Decision-making Evaluation Effort Areas 

Evaluation  
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Appendix B – ethical approval – Movement Demands 

12th November 2014 

Matt Jefferies  

UNIVERSITY OF TECHNOLOGY SYDNEY 

Dear Matt, 

The Faculty has considered your Nil/Negligible Risk Declaration Form for your project titled, "Movement 

Demands of NRL Referees", and agree your research does not require review from the UTS Human 

Research Ethics Committee.  Please keep a copy of your Declaration form on file to show you have 

considered risk. 

You are reminded that this letter constitutes ethics approval only. This research project must also be 

undertaken in accordance with all UTS policies and guidelines including the Research Management Policy 

(http://www.gsu.uts.edu.au/policies/research-management-policy.html). 

Your approval number is UTS HREC REF NO. 2014000612. 

Approval will be for a period of five (5) years from the date of this correspondence subject to the submission 

of annual progress reports. 

The following standard conditions apply to your approval: 

Your approval number must be included in all participant material and advertisements. Any advertisements 

on Staff Connect without an approval number will be removed. 

The Principal Investigator will immediately report anything that might warrant review of ethical approval of 

the project to the Ethics Secretariat (Research.Ethics@uts.edu.au). 

The Principal Investigator will notify the UTS HREC of any event that requires a modification to the protocol 

or other project documents and submit any required amendments prior to implementation.  Instructions can 

be found at 

https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integrity/Human%20re

search%20ethics/Post-approval/post-approval.aspx#tab2.  

http://www.gsu.uts.edu.au/policies/research-management-policy.html
mailto:Research.Ethics@uts.edu.au
https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integrity/Human%20research%20ethics/Post-approval/post-approval.aspx#tab2
https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integrity/Human%20research%20ethics/Post-approval/post-approval.aspx#tab2
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The Principal Investigator will promptly report adverse events to the Ethics Secretariat 

(Research.Ethics@uts.edu.au). An adverse event is any event (anticipated or otherwise) that has a negative 

impact on participants, researchers, or the reputation of the University. Adverse events can also include 

privacy breaches, loss of data and damage to property.  

The Principal Investigator will report to the UTS HREC annually and notify the HREC when the project is 

completed at all sites. The Principal Investigator will notify the UTS HREC of any plan to extend the duration 

of the project past the approval period listed above through the progress report. 

The Principal Investigator will obtain any additional approvals or authorisations as required (e.g. from other 

ethics committees, collaborating institutions, supporting organisations). 

The Principal Investigator will notify the UTS HREC of his or her inability to continue as Principal Investigator 

including the name of and contact information for a replacement. 

I also refer you to the AVCC guidelines relating to the storage of data, which require that data be kept for a 

minimum of 5 years after publication of research. However, in NSW, longer retention requirements are 

required for research on human subjects with potential long-term effects, research with long-term 

environmental effects, or research considered of national or international significance, importance, or 

controversy. If the data from this research project falls into one of these categories, contact University 

Records for advice on long-term retention. 

If you have any queries about your ethics approval, or require any amendments to your research in the 

future, please do not hesitate to contact Research.Ethics@uts.edu.au. 

Yours sincerely, 

Associate Professor Beata Bajorek 

Chairperson 
UTS Human Research Ethics Committee 

Production Note:
Signature removed 
prior to publication.

mailto:Research.Ethics@uts.edu.au
mailto:Research.Ethics@uts.edu.au
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Appendix B – ethical approval – Decision making 

6th September 2019  

Matt Jefferies  

UNIVERSITY OF TECHNOLOGY SYDNEY 

Dear Matt, 

Thank you for your response to the Committee's comments for your project titled, "The decision-making 

ability of NRL referees". The Committee agreed that this application now meets the requirements of the 

National Statement on Ethical Conduct in Human Research (2007) and has been approved on that basis. 

You are therefore authorised to commence activities as outlined in your application. 

You are reminded that this letter constitutes ethics approval only. This research project must also be 

undertaken in accordance with all UTS policies and guidelines including the Research Management Policy 

(http://www.gsu.uts.edu.au/policies/research-management-policy.html). 

Your approval number is UTS HREC REF NO. ETH19-3853 

Approval will be for a period of five (5) years from the date of this correspondence subject to the submission 

of annual progress reports. 

The following standard conditions apply to your approval: 

Your approval number must be included in all participant material and advertisements. Any advertisements 

on Staff Connect without an approval number will be removed. 

The Principal Investigator will immediately report anything that might warrant review of ethical approval of 

the project to the Ethics Secretariat (Research.Ethics@uts.edu.au). 

The Principal Investigator will notify the UTS HREC of any event that requires a modification to the protocol 

or other project documents and submit any required amendments prior to implementation.  Instructions can 

be found at 

https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integrity/Human%20re

search%20ethics/Post-approval/post-approval.aspx#tab2.  

The Principal Investigator will promptly report adverse events to the Ethics Secretariat 

(Research.Ethics@uts.edu.au). An adverse event is any event (anticipated or otherwise) that has a negative 

http://www.gsu.uts.edu.au/policies/research-management-policy.html
mailto:Research.Ethics@uts.edu.au
https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integrity/Human%20research%20ethics/Post-approval/post-approval.aspx#tab2
https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%20Integrity/Human%20research%20ethics/Post-approval/post-approval.aspx#tab2
mailto:Research.Ethics@uts.edu.au
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impact on participants, researchers, or the reputation of the University. Adverse events can also include 

privacy breaches, loss of data and damage to property.  

The Principal Investigator will report to the UTS HREC annually and notify the HREC when the project is 

completed at all sites. The Principal Investigator will notify the UTS HREC of any plan to extend the duration 

of the project past the approval period listed above through the progress report. 

The Principal Investigator will obtain any additional approvals or authorisations as required (e.g. from other 

ethics committees, collaborating institutions, supporting organisations). 

The Principal Investigator will notify the UTS HREC of his or her inability to continue as Principal Investigator 

including the name of and contact information for a replacement. 

I also refer you to the AVCC guidelines relating to the storage of data, which require that data be kept for a 

minimum of 5 years after publication of research. However, in NSW, longer retention requirements are 

required for research on human subjects with potential long-term effects, research with long-term 

environmental effects, or research considered of national or international significance, importance, or 

controversy. If the data from this research project falls into one of these categories, contact University 

Records for advice on long-term retention. 

If you have any queries about your ethics approval, or require any amendments to your research in the 

future, please do not hesitate to contact Research.Ethics@uts.edu.au. 

Yours sincerely, 

Associate Professor Beata Bajorek 

Chairperson 
UTS Human Research Ethics Committee 

Production Note:
Signature removed 
prior to publication.

mailto:Research.Ethics@uts.edu.au
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