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ABSTRACT

Background: This investigation examined internal and external load associated with umpiring 
semi-professional Australian Rules football, an area of limited research. Objective: This 
exploratory quantitative study recruited 39 field umpires (Age: 25.2 ± 6.8 y, Body Mass: 
74.6 ± 7.9 kg, Height: 178.9 ± 7.4 cm) from the Western Australian Football League (WAFL). 
Each participant was assessed in one match only. Methodology: External measures (total 
distance [TD], floating distance [FSD], high-intensity running distance [HSD]) and internal 
measures (blood lactate [BLa], heart rate [HR], rating of perceived exertion [RPE]) were 
collected during 22 matches, of the 2023 WAFL season. Data collection was performed before, 
during, and after the match and significance was set at p = <.05. Results: TD (13,027.6 ± 
1332.9 m) had significant reductions between Q1 and Q2 (p = 0.029), and Q4 (p = 0.003). FSD 
(10,411.7 ± 888.6 m) had no significant differences. HSD (1,717.8 ± 613.6 m) had significant 
reductions between Q1 and Q2, Q3, Q4 (p < 0.001, p = 0.003, p < 0.001). RPE (14 ± 2) had 
significant reductions between Q1 and Q2 (p = 0.013), Q3 (p < 0.001), and Q4 (p < 0.001). BLa 
was lowest in Q4 (3.3 ± 1.6 mmol/L). Conclusion: This study highlights significant physical 
demands on umpires, suggesting associations between match progression, TD, HSD, RPE, and 
BLa, potentially influencing training protocols and talent identification.
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INTRODUCTION

Australian rules football (AF) is a popular national sport with 
the highest level of competition being the Australian Football 
League (AFL) (AFL, 2019; League, 2023). AF is played on 
a grass oval, with field dimensions between 135m to 185m 
long, and 110m to 155m wide. In a standard game, there are 
22 players per team, with 18 on the ground, and the remain-
ing four players being on the interchange bench, which al-
lows rolling substitutions during match play (Hess & Stew-
art, 1998).  Aside from the AFL, there are three state-based, 
semi-professional competitions, which are the main feeder 
talent pools for the AFL. These include the South Austra-
lian National Football League (SANFL), Victorian Football 
League (VFL) (includes Queensland and New South Wales 
AFL reserves teams), and West Australian Football League 
(WAFL). The state leagues are important in identifying and 
developing talent at the grassroots level, as well as preparing 
the best players for a potential career in the AFL.

As AF is a high-intensity invasion sport, it requires mul-
tiple disciplines of umpires to officiate and maintain control 
of the match (Gray & Jenkins, 2010; Janetzki et al., 2021). 
For a standard game of semi-professional AF, there are three 
field, three boundary, and two goal umpires on field, plus 
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an emergency umpire on the interchange bench. The field 
umpires control the game and make decisions on free-kicks 
and other scenarios, such as restarting play after a goal has 
been scored (Corrigan et al., 2019). The boundary umpires’ 
job is to judge whether the ball is out-of-bounds during play. 
The goal umpire’s main responsibility is to judge whether 
the ball has crossed the goal line as a goal (kicked between 
the two largest posts, worth six points) or a behind (kicked 
between the largest posts and smaller posts, or the ball hits 
the largest posts, worth one point). Field umpiring has the 
most responsibility, and is arguably the most important, of 
the umpiring disciplines in AF, as they are responsible for 
the safety of players on the field (Coutts & Reaburn, 2000; 
Paradis et al., 2016).

Just as AF is a physically demanding sport, so too is the 
umpiring of matches (particularly field and boundary um-
piring). Field umpires will typically cover a total distance 
(TD) between 10,000 and 15,000 m (Kittel et al., 2019; Par-
adis et al., 2016), which is comparable to AF players, who 
cover a TD of 12,939 ± 1,145 m per game (Coutts et al., 
2015). Additionally, players have been reported to average 
3,880 ± 633 m of high-intensity running distance (HSD) 
(Coutts et al., 2015), whereas field umpires cover 1,952 ± 
494 m per game (Coutts & Reaburn, 2000; Elsworthy et al., 
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2014; Paradis et al., 2016). External load that has been col-
lected from global positioning systems (GPS) in AF has been 
relatively well documented at the highest level of competi-
tion both playing (Aughey, 2010, 2011; Coutts et al., 2015; 
Coutts et al., 2010; Delaney et al., 2017; Janetzki et al., 
2021) and umpiring the game (Elsworthy et al., 2017; Els-
worthy et al., 2014; Elsworthy & Dascombe, 2011; Larkin et 
al., 2014). However, external load monitoring research at a 
semi-professional level in AF is severely lacking. The aver-
age TD, average HSD (≥5.5m/s), and average jogging (float-
ing) speed running (FSD: between 2.2m/s to 5.5m/s) are 
three specific data variables that have not been reported in 
semi-professional field umpires to the best of our knowledge 
(Coutts & Reaburn, 2000; Jessiman et al., 2020; Paradis et 
al., 2016). Practitioners and researchers, in turn, have little 
knowledge of the external loads placed on semi-professional 
umpires, and must rely on data acquired from the AFL and 
other football codes. The investigation of semi-professional 
AF umpires will increase the quality of the talent pools for 
the AFL, therefore creating umpires better equipped for the 
elite level. This study represents the first in-depth analysis 
of these variables, which has the potential to inform umpire 
training practices by offering insights on typical match de-
mands, as well as improving the training protocols of field 
umpiring at the semi-professional level.

It is also important to develop a further understanding 
of internal load during umpiring, which can be assessed by 
evaluating variables such as blood lactate (BLa), heart rate 
(HR), and the rating of perceived exertion (RPE). These 
measures best inform researchers of the physiological ex-
ertion umpires experience during matches. While internal 
loads have been explored across a range of sports includ-
ing soccer (Impellizzeri et al., 2005), rugby (Sant’anna et 
al., 2021), basketball (Garcia-Santos et al., 2019) and others 
(Bloß et al., 2022; Spencer et al., 2020), there is a paucity of 
research investigating semi-professional AF. For example, 
the only study on internal loads in AF umpires focuses on the 
premier division in Sydney (Elsworthy & Dascombe, 2011). 
Because this division operates as an amateur competition, 
the data gathered may not be applicable as a benchmark for 
semi-professional and professional performance. Given that 
quality umpiring underpins the sport of AF, an understanding 
of the demands specific to semi-professional (including the 
necessary physiological attributes), is crucial for cultivating 
skilled umpires at junior and community levels. Therefore, 
the purpose of this study was to identify and explore the 
physical and physiological requirements (external and in-
ternal load) of umpiring AF at a semi-professional level, as 
well as identify any differences in these measures across the 
duration of a match.

MATERIALS AND METHODS

Participants and Study Design

The exploratory, quantitative study involved one informa-
tion and experimental session per participant. The experi-
mental session involved measuring internal (HR, BLa, and 
RPE) and external (TD, HSD, FSD) load. Data was collected 

during competitive AF games in the WAFL League and Re-
serves competitions. Data was collected before and after the 
game, as well as during each break (quarter-time, half-time, 
three-quarter-time). The lead researcher and two research as-
sistants collected all the data.

For this study, 39 field umpires (Age: 25.2 ± 6.8 y, Expe-
rience: 6.8 ± 4.0 y, Body Mass: 74.6 ± 7.9 kg, Height: 178.9 
± 7.4 cm), who are employed by the Western Australian 
Football commission (WAFC), were recruited. A priori pow-
er analysis was performed using G*Power version 3.1.9.7 
(Faul et al., 2007) to calculate the minimum sample size 
needed to test the study hypothesis. The analysis revealed 
that a sample size of N = 36 was required to achieve 80% 
power for detecting a medium effect size, with a significance 
level of α =.05. Therefore, the collected sample size of N = 
36 is sufficient for testing the hypothesis. Each participant 
was required to be over 18 years old and have at least two 
years’ experience umpiring League and/or Reserves AF in 
the WAFL, or they were excluded from the study. The partic-
ipants’ umpiring experience level (WAFL Reserves, WAFL 
League, or AFL/AFLW) was recorded prior to data collec-
tion. The participants were informed of the study procedures 
and provided written consent during a pre-testing/informa-
tion session (described below). Participants were also in-
formed that they could withdraw from the study at any point 
with no penalty. This prospective cohort study was approved 
by the Human Research Ethics Committee of Edith Cowan 
University (2022-03920-WILSON).

Test Procedures
The information session provided participants an opportuni-
ty to ask any questions/voice concerns prior to data collec-
tion. Consent was also gathered during this meeting. After 
the study, participants received a gift card of 30AUD for a 
sporting goods store for their contribution. Match start times 
were subject to ground availabilities and AFL fixturing. The 
WAFL season (excluding finals) started on April 7th and fin-
ished on August 26th of 2023. During experimental sessions, 
participant data (height, weight, age, experience), and mea-
surements of internal (HR, BLa, RPE; described below) and 
external (TD, HSD, and FSD; described below) load were 
collected.

Intervention Procedures
The internal load variables of HR, BLa, and RPE were col-
lected immediately before the game started, and at the im-
mediate conclusion of each quarter. HR was collected using 
a chest strap heart rate monitor (Polar H10, Polar, Kempele, 
Finland) (Elsworthy & Dascombe, 2011). Capillary blood 
samples were collected using a lancet (Unistik 3 Normal 
lancets, Owen Mumford, Oxfordshire, United Kingdom). 
The participant’s earlobes were pierced using a lancet (Feliu 
et al., 2024) before the match started and then three minutes 
after the conclusion of each quarter. BLa levels were mea-
sured using a blood lactate analyser (Lactate Pro2, Arkray, 
Kyoto, Japan). RPE was recorded using the Borg’s Scale 
of Perceived Exertion (Borg, 1982), which is a rating of 
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exertion between six (no exertion) and twenty (maximum 
exertion).

Time motion data (i.e., TD, HSD, and FSD) were contin-
uously measured throughout the matches using the Catapult 
One (10 Hz) GPS units (Catapult Sports, Melbourne, Vic-
toria, Australia) and analysed afterwards to calculate other 
variables (quarter-by-quarter TD, HSD, and FSD). The GPS 
units were fitted into an undergarment (Catapult Sports, 
Melbourne, Victoria, Australia) worn underneath the partic-
ipant’s normal uniform (Rampinini et al., 2015). The GPS 
unit continuously recorded the participant’s running data, 
which was turned on 30 minutes prior to the commencement 
of the game and turned off immediately at the conclusion. 
The start the start and finish times of the quarters was record-
ed. Data between quarter breaks was not used and disregard-
ed during data analysis.

Statistical Analysis

The descriptive statistics were reported for each quarter and 
the entire match to examine external and internal load ex-
perienced of the participants. Descriptive statistics was pre-
sented as mean (±SD) where applicable. Data was analysed 
for normality and homogeneity of variances using the Sha-
piro-Wilk statistic and Levene’s test, respectively (Paradis 
et al., 2016). Continuous measures of internal (HR, BLa) 
and external (TD, HSD, FSD) load were analysed between 
quarters using a 1x4 repeated measures analysis of variance 
(ANOVA) or Friedman’s test in the case of non-parametric 
data. Ordinal data (RPE) was analysed between quarters us-
ing ordinal regression. Where differences were observed, 
post-hoc tests with the Holm-Bonferroni sequential correc-
tion adjustment were used to determine the location. Statisti-
cal significance was set a-priori as p<0.05. The data analysis 
was performed using Jamovi (version 2.3.12; The Jamovi 
project, NSW, Australia).

RESULTS

External Load

For external load data, average TD covered across an 
entire game was 13,027.6 ± 1332.9 m, with Figure 1 
displaying the quarter-by-quarter distribution. Figure 1 
shows that there were significant differences in TD 
between Q1 and Q2 (p = 0.029), and Q1 and Q4 (p = 
0.003). The Repeated Measures (RM) ANOVA was re-
ported to be F(4, 3) = 5.37, p =.002. Total FSD across 
an entire game was 10,411.7 ± 888.6 m. No significant 
differences between quarters were found after post hoc 
analysis, as shown in Figure 1. The RM ANOVA was 
reported to be F(4, 3) = 1.15, p = 0.332. Total HSD activ-
ity throughout the matches was 1,717.8 ± 613.6 m. HSD 
was highest in Q1, with Q1MEAN being 498.4 ± 178.6 m, 
which was significantly greater than Q2, Q3, and Q4 
(p = <0.001, p = 0.003, and p = <0.001, respectively), 
with no other differences between any other quarters ob-
served (Figure 1). The RM ANOVA was reported to be 
F(4, 3) = 10.2, p = <.001.

The mean distance per minute (m/min) was 120.8 ± 7.4 m/min. 
Significantly less distance per minute was covered in Q1 com-
pared to Q2 (p = 0.004), Q1 and Q3 (p = <0.001), and Q1 and 
Q4 (p = <0.001) (Table 1). The RM ANOVA was reported to 
be F(4, 3) = 10.2, p = <.001. Mean top speed throughout the 
matches was 26.4 ± 1.8 km/h, with no significant differences 
observed between any of the quarters. Max deceleration was 6.2 
± 1.6 m/s/s. Max acceleration for the observed dataset was 4.5 ± 
1.4 m/s/s. Both max deceleration and max acceleration had no 
significant differences between quarters (Table 1).

b

Figure 1. Quarter by quarter results of (a) total distance, 
(b) floating distance, (c) and sprint distance during semi-
professional Australian rules football matches  
aSignificant difference compared with Q1. bSignificant difference 
compared with Q2. cSignificant difference compared with 
Q3. dSignificant difference compared with Q4. 

c

b

a
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Internal Load
Average RPE was 14 ± 2. There were significant differ-
ences between RPE in Q1 and Q2 (p = 0.013), Q1 and 
Q3 (p = <0.001), and Q1 and Q4 (p = <0.001) (Figure 2). 
A Friedman’s non-parametric ANOVA revealed significance 
(ꭕ2 = 109, p = <.001, df = 4, W =.285). Average BLa across 
entire matches was 3.91 ± 1.8 mmol/L, with BLa being the 
lowest in Q4 (3.3 ± 1.6 mmol/L). The RM ANOVA was re-
ported to be F(5, 4) = 36.3, p = <.001. BLa between quarters 
was significantly different between Q1 and Q2 (p = 0.002), 
Q1 and Q3 (p = 0.039), and Q1 and Q4 (p = <0.001), as 
well as Q3 with Q4 (p = 0.041). Total HR mean throughout 
matches was 163 ± 14 bpm. The RM ANOVA was reported 
to be F(4, 3) = 2.83, p =.042. Q3 mean was lowest, with 
bpm of 161 ± 15. HR mean was not significantly different 
between any quarters (Figure 2).

DISCUSSION
The purpose of this study was to quantify the internal and 
external load of umpiring competitive semi-professional AF 
matches and investigate whether differences between quar-
ters exist. There is a scarcity of research in semi-professional 
AF umpiring, and this is the most comprehensive study to 
explore and measure the external (i.e., TD, HSD, and FSD) 
and internal load (i.e., BLa, HR, and RPE) of field umpires 
during match play. The study’s main findings were that ex-
ternal load measures decrease as match-time progresses, and 
that BLa decreased, RPE increased, and there was no sig-
nificant difference in HR across the progression of a match.

The TD (13,028 ± 1,333 m) for the matches in this study 
were higher than the TD in previously reported findings in 
umpiring (AFL level), whereas FSD (10,412 ± 889 m) and 
HSD (1,718 ± 614 m) were lower (Elsworthy & Dascombe, 
2011). Elsworthy et al. (2014) reported that field umpires 
cover 10,563 ± 608 m per match, with HSD being reported 
as 1,952 ± 494 m. The differences observed between previ-
ous research and the current study is that in Elsworthy et al 
(2014), the subject group used AFL field and boundary um-
pires, and repeated testing with each participant up to four 
times, as well as using GPS units that were 5Hz instead of 
10Hz. As AFL is the highest level of competition of AF, the 
HSD data from match-play would plausibly be higher than 
semi-professional umpiring results. Identifying semi-pro-
fessional external load data gives practitioners in the field a 

Table 1. Quarter by quarter data (mean±SD) on distance per minute, top speed, maximum deceleration, and maximum 
acceleration in Australian rules football field umpires (n=39).
SPEED QUARTER Total

Q1 Q2 Q3 Q4
Distance/minute (m/min) 127.3±9.0b,cd 122.2±9.5a 120.4±9.0a 119.7±10.3a 120.8±7.4
Top Speed (km/h) 25.2±1.7 24.7±1.6 25.3±2.1 24.7±1.8 26.4±1.8
Max Deceleration (m/s/s) 4.5±1.3 4.1±1.2 4.4±0.8 4.4±1.4 6.2±1.6
Max Acceleration (m/s/s) 4.3±1.1 4.0±0.8 4.2±0.5 4.0±1.0 4.5±1.4
aSignificant difference compared with Q1. bSignificant difference compared with Q2. cSignificant difference compared with Q3. dSignificant 
difference compared with Q4. 

Figure 2. Quarter by Quarter (a) rating of perceived exertion 
(RPE), (b) blood lactate (BLa), and (c) heart rate (HR) measures 
during semi-professional Australian rules football matches. Note: 
RPE, and BLa were taken at the end of each quarter, HR was 
averaged across each quarter  
aSignificant difference compared with Q1. bSignificant difference 
compared with Q2. cSignificant difference compared with 
Q3. dSignificant difference compared with Q4. 

c

b

a
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greater understanding of the requirements of umpiring AF, 
which in turn may lead to better suited training practices, 
hence why AFL research would not be relevant for this ap-
plication. As well as this, 5Hz GPS units are not as reliable 
as 10Hz units, with this potentially leading to accuracy is-
sues in HSD results (Rampinini et al., 2015). Lastly, re-mea-
suring participants multiple times would not have produced 
the greatest understanding of the entire group’s (WAFL field 
umpiring cohort) physical requirements in matches, hence 
why the research group measured participants once.

As mentioned, AF umpire research is scarce. However, 
there are countless amounts of research investigating AF 
players (AFL specifically) (Aughey, 2010; Brewer et al., 
2010; Gray & Jenkins, 2010). When our data was compared 
to results from previous studies exploring running demands of 
AF players (AFL), HSD data was also lower, whilst TD was 
higher (Coutts et al., 2010; Delaney et al., 2017). The differ-
ence in running demands between AFL players and state-lev-
el AF field umpires is obvious, as umpires are only required 
to observe the match, not play it. Consequently, AFL players 
perform more HSD efforts per match than umpires. Though 
it is difficult to draw comparisons as they are different sides 
of match play, it is still relevant to compare semi-professional 
umpiring and AF player running data, as the results from the 
elite level of both playing and umpiring are quite similar due 
to the nature of following the play (Coutts et al., 2010; Par-
adis et al., 2016). Alas, the dataset collected works to fill the 
clear gap in literature surrounding the external load through-
out a full match of semi-professional AF.

It was observed that external load measures of TD 
(3,340.9 ± 354.9 m), FSD (2,628.3 ± 246.5 m), and HSD 
(498.4 ± 178.6 m), were highest in Q1 of the match. As 
match progression continued, all three external load mea-
sures decreased, though not all were statistically significant. 
TD (3,160.7 ± 392.1 m), FSD (2,553.3 ± 287.3 m), and HSD 
(386.6 ± 174.2 m) were all reported as the lowest in Q4 but 
were not statistically different to Q2 and Q3. Previous re-
search completed by Elsworthy and Dascombe (2011), and 
Coutts et al. (2010), align with the results of our research, as 
both studies found that umpire HSD reduced each quarter 
(AFL research). Reduction in external load distances over the 
match could be due to a wide range of physiological factors, 
such as a reduction of muscle glycogen stores (Lattier et al., 
2004), dehydration throughout match play (Nuccio et al., 
2017), thermal stress (Girard et al., 2015), and a build-up 
of metabolic by-products (Maclaren et al., 1989) accumulat-
ed during aerobic exercise. Within our study, other external 
measures such as m/min, max acceleration, and max decel-
eration were also the highest in the first quarter, which could 
be due to faster game movements completed during the first 
quarter of an AF match. When exploring external load data, 
it seems evident that the peak for the various data sets all oc-
cur in Q1 of a match whilst in Q4, the data is the lowest. This 
seems, in the most part, due to a reduction in player activity 
as games progress, and fatigue that is experienced by both 
players and umpires. Furthermore, it can be deduced that in-
tensity and speed at the start of an AF match require the field 
umpires to perform HSD acts more frequently. Intensity and 

speed then decline as the match continues, as the intensity of 
the players reduces.

When analysing internal load data, BLa was reported to 
be greatest in Q1, and lowest in the last quarter (Figure 2). 
This was in alignment with HSD measures, as both decreased 
as match time progressed. A continual reduction of BLa 
throughout a match is not uncommon, with previous research 
stating that the removal of muscular blood lactate increases 
as match play progresses in football (Elsworthy et al., 2014; 
Lattier et al., 2004). There were also no significant differ-
ences in HR observed, which aligns with previous research 
investigating the activity profiles and physical demands of as-
sociation football referees in international matches (Krustrup 
et al., 2009). The quarter-by-quarter HR results of the current 
study are difficult to compare to previous AF research, as Els-
worthy and Dascombe (2011) only reported the %HRMAX of 
the participants quarter-by-quarter, not specific HR value. As 
match time progressed, it was observed that RPE continual-
ly increased quarter-by-quarter and was significantly highest 
in Q4. The only other study to explore quarter-by-quarter 
RPE in a match of AF umpiring is from Elsworthy and Das-
combe (2011), which found that within field umpires there is 
a perceived increase in match difficulty through match pro-
gression, with significant increases in RPE being observed 
(Elsworthy & Dascombe, 2011). Another similar study in 
association football, investigated the difference between first 
and second half RPE. The authors found an increase in RPE 
in field referees in the second half of LaLiga (Spanish first 
division) matches, from the 2014-2015 season (Castillo et 
al., 2018). Both studies utilised the psychophysical CR-10 
scale, whereas the RPE data collected in this study was exe-
cuted using the Borg’s 6-20 scale. Borg et al. (2006) investi-
gated whether the psychophysical scales such as the CR-10 
and CR-100 were more accurate for determining RPE than 
the 6-20 scale. It was determined that the CR-10 and CR-
100 scales may be a more accurate scale of determining RPE 
for exercise longer than approximately four to six minutes 
(Borg & Kaijser, 2006). Interestingly, our results (using the 
Borg’s 6-20 RPE scale) were no different to the previously 
mentioned studies, with a significant increase in RPE being 
observed from first to second half, and also quarter-by-quar-
ter. This may indicate that the selection of RPE scale is not an 
important factor. Indeed, previous research investigating field 
umpires perception of fatigue showed that the umpire’s do 
not perceive themselves to be fatigued after umpiring a match 
of semi-professional AF (Wilson et al., 2024). However, fur-
ther investigation into RPE measures in semi-profession-
al AF field umpires using psychophysical scales should be 
conducted, which may present more accurate self-perceived 
exertion data and give researchers a clearer picture of the 
fatigue accumulated by umpires. Nonetheless, the RPE data 
further shows that a possible association between increased 
external load (TD, HSD, FSD) and a perceived increase in fa-
tigue in field umpires may exist, with further research needed 
to identify whether there is a relationship between the two.

As with previous research, there are acknowledged lim-
itations in the study and presented results. The study was 
not conducted at the same ground, with the WAFL competi-
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tion utilising eight AF grounds, with each of these grounds 
having slightly different dimensions (all are within standard 
AF ground dimensions, however). As participants were only 
measured once, it is possible reliability issues could occur. 
However, this was done to gain the greatest understanding of 
the WAFL field umpire group’s physical and physiological 
capacities. The WAFL League competition has moved to the 
four-umpire model, with there being four field umpires on 
ground officiating the match. At the time of data collection, 
the WAFL League competition utilised the three-umpire sys-
tem. With the four-umpire system now in place, it would be 
necessary to investigate whether any differences exist be-
tween the two systems. 

The implications of this study are varied, with there be-
ing multiple uses for the results investigated in this project. 
For instance, the addition of a fourth field umpire may be 
beneficial in semi-professional competitions, as this would 
prepare field umpires (and up and coming players) for the 
playing environment of the AFL. The AFL utilised a fourth 
field umpire as of the 2023 season, with the aim of decreas-
ing umpire fatigue. The magnitude of match load reduction 
has allowed some umpires to manage multiple games over 
a shorter period than was previously possible. This would, 
in turn, further develop field umpires to advance to the 
professional landscape. Having four field umpires officiate 
semi-professional matches would likely reduce the amount 
of external load experienced. As well as this, implementing 
he four-umpire system in lower competitions (amateur, tal-
ent pathways, futures competitions) may further develop the 
skills of talent pathway umpires, in turn, increasing umpire 
performance at the highest level. However, given there is 
minimal research on using four field umpiring, this is an area 
that should be investigated.

Conclusion

In summary, the results of this study are the first of its kind 
to explore the physiological effects of umpiring a match of 
semi-professional AF. The main effects observed from the 
data collection an apparent trend between match progression 
and TD, HSD, RPE, and BLa. TD, HSD, and BLa decreased 
as match length progressed, whilst RPE significantly in-
creased quarter-by-quarter. Furthermore, it was discovered 
that field umpires exert the highest external load in the first 
quarter of the match, and the least amount in the last. A po-
tential association between HSD and BLa was observed, 
with both measures decreasing with one another. Future 
studies in the area should examine the relationship between 
the four-umpire system and physiological load throughout 
AFL umpiring and investigate as to whether there are any 
other internal factors contributing to a reduction of umpire 
running performance.
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